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1		Introduction
RAN4#104-bis-e started to see non-contiguous intra-band uplink CA change requests to 38.101-1 with a simplistic approach. Since then, there has been an increase in demands for band combinations with this non-contiguous intra-band uplink configuration. This document addresses the analysis aspects required for documenting outcome for MSD assessments to accompany the band combination requests.
2		Non-contiguous intra-band CA in uplink
When the transmitter of a UE is configured for non-contiguous intra-band carrier aggregation the intermodulation products require a study that follows the method that has been practised for interband carrier aggregation with 2 uplink. Additionally, the study must include the aspects of the component carrier frequency separation, since they generate a second frequency range aspect to the upper and lower frequency band limits that is used in interband CA with 2 UL.
The concept of non-contiguous UL intra-band CA can in some sense be seen as equivalent to the contiguous UL intra-band CA with non-contiguous resource allocations from an emissions point of view, as also discussed in [3]. The non-contiguous resource allocation in only introduced to NR for CA while it was also introduced for single carrier in LTE. Even there are similarities between the two UL intra-band CA deployments resulting in non-contiguous UL transmissions they shall be separated in specification to avoid misunderstanding in the underlying resulting MPR value.
Observation 1: From an emission point of view non-contiguous UL intra-band CA is equivalent to contiguous UL intra-band CA with non-contiguous resource allocations. However, these two types of configurations need to be separated in specification.
Analysis of the frequency range checks for MSD impact in non-contiguous intra-band CA in uplink requires an enhanced analysis scheme compared to 2UL in interband CA 
Observation 2: Analysis of the frequency range checks for MSD impact in non-contiguous intra-band CA in uplink requires an enhanced analysis scheme compared to 2UL in interband CA. 
Over time the companies supporting 3GPP with band combination change requests has followed certain rules and formats that it becomes easier to evaluate the additions of new band combinations for faster processing. This is seen in 2CA 1UL uplink harmonic and harmonic mixing studies that follow specific table formats with rules to identify band combinations with impact on downlink reception. Similarly, in 2CA and 3CA w. 2UL a table has been made to check frequency range overlap to the downlink reception bands and from this table the cases that may require MSD can be discussed. Based on the benefits 3GPP activities get from using commonly agreed formats we see a need to agree on how to analyze non-contiguous intra-band CA in uplink cases in a common format
Observation 3: We see a need to agree on how to analyze non-contiguous intra-band CA in uplink cases in a common format.

3		Analysis of the non-contiguous intra-band uplink CA behaviour
Analysing uplink NC intra-band CA for MSD analysis the carrier bandwidth and the minimum and maximum channel separation will determine the IMD frequency intervals. 
Observation 4: Analysing uplink NC intra-band CA for MSD analysis the carrier bandwidth and the minimum-and-maximum channel separation will determine the IMD frequency intervals. 
For TDD bands there are products potentially interfering a second component carrier.
For FDD bands the odd IMD products will interfere in own RX, while the even IMD products may be interfering a second component carrier.

Assuming that the maximum frequency separation may be contained inside the frequency band with margin it is necessary to consider both lowest and highest channel allocation including the allocation of the second component carrier. With focus on the uplink (FBW_Aggressor) an uplink component carrier 1 (ULCC1) may exist together with another uplink component carrier (ULCC2) at the same time of transmission. Assuming ULCC1 is always located at the band edges the ULCC2 may be displaced by either the minimum frequency separation or the maximum frequency separation. These two uplink component carriers will exist at the same time as a downlink component carrier in a different band of operation (DLCC) either above or below the band of operation with non-contiguous UL CA. The downlink component carrier may contain a downlink channel that may be subject to intermodulation self-interference within the UE, hence declared as FBW_Victim_lower or FBW_Victim_higher.
This is shown in Figure 1.


[bookmark: _Ref119399290]Figure 1: Overview of carrier bandwidth for NC intra-band UL IMD analysis 
a = channel bandwidth of 1st CC in aggressor TX band
b = channel bandwidth of 2nd CC in aggressor TX band
c = minimum CC separation + ULCC1 CBW
d = maximum CC separation + ULCC1 CBW
m = channel bandwidth of DLCC in higher band
n = channel bandwidth of DLCC in lower band
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
fD1H = maximum frequency of RX victim band of DLCC
fD2L = minimum frequency of RX victim band of DLCC
fD2H = maximum frequency of RX victim band of DLCC
In the following analysis it must be noted how fU1L,U2L,U3L are used to represent the location of the CC’s at the lower part of the uplink band at minimum (fU1L – fU2L) and maximum (fU1L – fU3L) separation. fU1L marks the lower band edge.
fU2L and fU3L will never be present in the same configuration of range checks.
Similarly, fU1H,U2H,U3H are used to represent the location of the CC’s at the higher part of the uplink band at minimum (fU1H – fU2H) and maximum (fU1H – fU3H) separation. fU2H and fU3H will never be present in the same configuration of range checks. fU1H marks the upper band edge. Also, fUH and fUL will never be present in the same configuration of range checks and therefore same analysis.
From analysis of these relations there are occurrences that stand out. Figure 2 shows the Uplink and uses yellow as colour indicator for the highest CC allocation when paired with the lower band edge allocation, and blue is the colour indicator for the lowest CC allocation when paired with the higher band edge allocation. 
[image: ]
[bookmark: _Ref124322221]Figure 2: FBW_Aggressor with band edge frequencies fU1L and fU1H
For both even and odd order IMD products there will be a sum product that gradually increase in frequency range above the uplink band. There are additional two ranges that are interesting specifically for even and odd order products.
For even order IMD products there will be a lower side product that increases in frequency range as the order increases. This range is determined by the minimum CC separation to the maximum CC separation and scales in range by the order of the IMD product. 
As seen in Figure 3 the minimum separation cases (both black) define the lower range edge, while both of the colour (yellow and blue) defines the maximum range edge.


[bookmark: _Ref124170126]Figure 3: Even order low range
Figure 3 denotes the order of the products in the square boxes with 2-4 and 6th order seen as well from the multipliers in front of each fU. It can be noted how the lower(L) and the higher(H) CC location isn’t important to the outcome of these orders, but the CC separation defines the Low range that would potentially cover a band containing a downlink component carrier. It is the maximum CC separation that dominates this range, so for the low range the maximum CC separation is important to the analysis.
Observation 5: For even order IMD products there will be a lower side product that increases in frequency range by the order of IMD.
For odd order IMD products there will be an overlapping range across the uplink band that increases in frequency range as the order increases. This will impact FDD bands that has non-contiguous intra-band uplink as the IMD product that scales in range from the uplink band by the order of the IMD product reaches towards own RX band. In interband CA combinations are separated with less than 3 times the maximum CC separation of the uplink, these may fall victims as well. This was also highlighted in the study of IMD years back in R4-137074 (Figure 5.x-4) by Mediatek. It is the maximum CC separation from both the lower band edge (fUL)and the higher band edge (fUH) that dominates this range, so for the TX range the location of the CC at maximum separation is important to the analysis.
Figure 4 illustrates how the odd order products extends above and below the band containing the uplink and the extension increases by the maximum CC separation. Notice how the yellow-coloured range marker (maximum separation from the lower band edge) defines the lower range edge of “TX range”, while the blue coloured range marker defines the higher range edge of “TX range”. This means that the minimum CC separation doesn’t impact this “TX range”. Flow defines the lower band edge and Fhigh defines the higher band edge of the uplink transmission band. The TX range for the 3rd order product and beyond exceeds the edges of the uplink band, shown with accompanying products that defines the TX range edges.


[bookmark: _Ref124170783]Figure 4: Odd order IMD analysis.
Observation 6: For odd order IMD products there will be an overlapping range across the uplink band that increases in frequency range as the order increases. This will impact FDD bands that has non-contiguous intra-band uplink as the IMD product that scales in range from the uplink band by the order of the IMD product reaches towards own RX band.
Making a complete combination of all frequency outcomes based on fL and fU combinations a study of all products is shown in Table 1 for orders from 2nd to 4th. Colour codes of cells have been used when they define the edges of a frequency range and each coloured range is associated with a grey cell containing the numbers (frequency points) for an exemplary band (n77 in this case). This means that all white cells are products that fall inside a range, that has edges defined by another “coloured” product.
[bookmark: _Ref124171497]Table 1: Range calculations using the defined frequency points of n77 (3300MHz-4200MHZ)
with min. separation and CBW = 10MHz and max. separation = 600MHz
	2nd
	fU1L + fU2L
	fU1L+fU3L
	fU1L-fU2L
	fU1L-fU3L

	
	fU1H + fU2H
	fU1H+fU3H
	I fU1H-fU2H I
	I fU1H-fU3H I

	Interference ranges
	6620
	7200
	20
	600

	
	8380
	7800
	20
	600

	3rd
	2*fU1L + fU2L
	2*fU1L+fU3L
	fU1L + 2*fU2L
	fU1L+2*fU3L

	
	2*fU1L-fU2L
	2*fU1L-fU3L
	I fU1L - 2*fU2L I
	I fU1L-2*fU3L I

	
	2*fU1H + fU2H
	2*fU1H+fU3H
	fU1H + 2*fU2H
	fU1H+2*fU3H

	
	2*fU1H-fU2H
	2*fU1H-fU3H
	I fU1H - 2*fU2H I
	I fU1H-2*fU3H I

	Interference ranges
	9920
	10500
	9940
	11100

	
	3280
	2700
	3340
	4500

	
	12580
	12000
	12560
	11400

	
	4220
	4800
	4160
	3000

	4th
	2*fU1L + 2*fU2L
	3*fU1L + fU2L
	fU1L + 3*fU2L
	

	
	2*fU1L + 2*fU3L
	3*fU1L + fU3L
	fU1L + 3*fU3L
	

	
	2*fU1H + 2*fU2H
	3*fU1H + fU2H
	fU1H + 3*fU2H
	

	
	2*fU1H + 2*fU3H
	3*fU1H + fU3H
	fU1H + 3*fU3H
	

	
	I 2*fU1L - 2*fU2L I
	3*fU1L - fU2L
	I fU1L - 3*fU2L I
	

	
	I 2*fU1L - 2*fU3L I
	3*fU1L - fU3L
	I fU1L - 3*fU3L I
	

	
	I 2*fU1H - 2*fU2H I
	3*fU1H - fU2H
	I fU1H - 3*fU2H I
	

	
	I 2*fU1H - 2*fU3H I
	3*fU1H - fU3H
	I fU1H - 3*fU3H I
	

	Interference ranges
	13240
	13220
	13260
	

	
	14400
	13800
	15000
	

	
	16760
	16780
	16740
	

	
	15600
	16200
	15000
	

	
	40
	6580
	6660
	

	
	1200
	6000
	8400
	

	
	40
	8420
	8340
	

	
	1200
	9000
	6600
	



A visualization of the products of Table 1 is shown in Figure 5. It contains the 1st diff (Even order product range from Figure 3) below the FBW_Aggressor which is n77 (3300MHz-4200MHz) in this case. And the 1st diff across the FBW_aggressor in the odd order cases, that was shown in Figure 4. Additionally, it shows the 1st sum range above the uplink band. The order of the IMD products is shown in the large square boxes to the left. For each of the ranges inside an IMD order it can be noticed how more and more products fall inside the ranges. These represent the white cells of Table 1 and helps to see why their location becomes less relevant and may be skipped from the overall range analysis check.



[bookmark: _Ref124171946]Figure 5: Visualization of NC intra-band UL CA IMD products
An additional colour code of the location of the ranges is introduced in Figure 5. Purple marks the IMD products that are generated from the minimum CC separation in the lower part of the uplink band, and green marks the IMD products that are generated from the minimum CC separation in the higher part of the uplink band. The range check at the higher frequency side of the uplink band is therefore defined through the minimum CC separation, for which reason the minimum CC separation is also very important to the IMD analysis. Also, it is seen that especially the 2nd order IMD products may hit a higher DL band.
[bookmark: _Hlk124408143]Observation 7: The range check at the higher frequency side of the uplink band is therefore defined through the minimum CC separation, for which reason the minimum CC separation is also important to the IMD analysis.


Table 2 has been compressed to contain only the products that define the edges of the various ranges. Table 2 should serve as agreed range checks moving forward in RAN4 for studies of IMD in non-contiguous intra-band in uplink. 
[bookmark: _Ref124172343]Table 2: Proposed 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*fUL1-2*fU3L I
	I 3*fUH1-2*fU3H I
	4*fUL1-fU3L
	4*fUH1-fU3H
	4*fUL1+fU2L
	4*fUH1+fU2H

	Interference ranges
	2100
	5400
	9300
	13200
	16520
	20980

	6th
	I 3*fUL1-3*fU2L I
	I 3*fUH1-3*fU3H I
	4*fUL1-2*fU3L
	4*fUH1-2*fU3H
	5*fUL1-fU3L
	5*fUH1-fU3H

	Interference ranges
	60
	1800
	5400
	9600
	12600
	17400

	7th
	I 4*fUL1-3*fU3L I
	I 4*fUH1-3*fU3H I
	5*fUL1-2*fU3L
	5*fUH1-2*fU3H
	6*fUL1-fU3L
	6*fUH1-fU3H

	Interference ranges
	1500
	6000
	8700
	13800
	15900
	21600



Proposal 1: Table 2 is to serve as agreed range checks moving forward in RAN4 for studies of IMD in non-contiguous intra-band in uplink. 
3.1	Updates to technical reports and specification
There are two places that this analysis may be included, which depends on FDD or TDD operation. There is never a case of self-interference in own receiver in TDD non-contiguous intra-band CA in the uplink, since it is “Off” during transmission. In FDD the receiver is “On” during transmission and therefore the receiver may likely be subject to self-interference of the odd order IMD products in single band operation.
Observation 8: There is never a case of self-interference in own receiver in TDD non-contiguous intra-band CA in the uplink, since it is “Off” during transmission.
Observation 9: In FDD the receiver is “On” during transmission and therefore the receiver may likely be subject to self-interference of the odd order IMD products in single band operation.
In LTE these cases were discussed in [2].
For this reason, we propose to add the analysis step in the UE co-existence studies of “Intra-Band Non-Contiguous Carrier Aggregation FR1: Specific Band Combination Part” in 38.718-01-01 and state that this is only needed for FDD, while we propose to add the analysis step in the UE coexistence studies in the “Common for 1 band UL and 2 bands UL CA” section of 38.718-02-01 for Inter-band CA with Non-contiguous Intra-band in the uplink and state that this is only needed for analysis of the impact in the other receiver band of operation when there is Non-contiguous Intra-band CA in the uplink.
Proposal 2: Add the analysis step in the UE co-existence studies of “Intra-Band Non-Contiguous Carrier Aggregation FR1: Specific Band Combination Part” in TR 38.718-01-01 and state that this is only needed for FDD. See Annex A.
Proposal 3: Add the analysis step in the UE coexistence studies in the “Common for 1 band UL and 2 bands UL CA” section of TR 38.718-02-01 for Inter-band CA with Non-contiguous Intra-band in the uplink and state that this is only needed for analysis of the impact in the other receiver band of operation when there is Non-contiguous Intra-band CA in the uplink. See Annex B. 
Since this type of MSD, in our view, is different than what currently is defined in the TS we suggest that further discussion is needed on how it shall be captured. There are multiple options/approaches to take, and we list some here for further discussion.
1. Add a new “sub-clause” under Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to capture the MSD when there is intermodulation interference due to intra-band CA
2. Add additional MSD values in the existing Tables (e.g.7.3A.5-1) under Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to capture the MSD when there is intermodulation interference due to intra-band CA. These additional MSD values will be marked with a note referring to the specific intra-band configuration where they are applicable
3. Other solutions not precluded.   
Proposal 4: Discuss how to modify Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to also include exceptions (i.e. MSD) for clause for intermodulation interference due to intra-band CA.

4		Conclusion
In this document we have discussed the interference caused by non-contiguous intra-band UL CA in one of the carriers in case of interband CA or self-interference in case of single band operation and made the following proposals:
Table 2: Proposed 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*fUL1-2*fU3L I
	I 3*fUH1-2*fU3H I
	4*fUL1-fU3L
	4*fUH1-fU3H
	4*fUL1+fU2L
	4*fUH1+fU2H

	Interference ranges
	2100
	5400
	9300
	13200
	16520
	20980

	6th
	I 3*fUL1-3*fU2L I
	I 3*fUH1-3*fU3H I
	4*fUL1-2*fU3L
	4*fUH1-2*fU3H
	5*fUL1-fU3L
	5*fUH1-fU3H

	Interference ranges
	60
	1800
	5400
	9600
	12600
	17400

	7th
	I 4*fUL1-3*fU3L I
	I 4*fUH1-3*fU3H I
	5*fUL1-2*fU3L
	5*fUH1-2*fU3H
	6*fUL1-fU3L
	6*fUH1-fU3H

	Interference ranges
	1500
	6000
	8700
	13800
	15900
	21600



Proposal 1: Table 2 is to serve as agreed range checks moving forward in RAN4 for studies of IMD in non-contiguous intra-band in uplink. 
Proposal 2: Add the analysis step in the UE co-existence studies of “Intra-Band Non-Contiguous Carrier Aggregation FR1: Specific Band Combination Part” in TR 38.718-01-01 and state that this is only needed for FDD. See Annex A.
Proposal 3: Add the analysis step in the UE coexistence studies in the “Common for 1 band UL and 2 bands UL CA” section of TR 38.718-02-01 for Inter-band CA with Non-contiguous Intra-band in the uplink and state that this is only needed for analysis of the impact in the other receiver band of operation when there is Non-contiguous Intra-band CA in the uplink. See Annex B. 
Since this type of MSD, in our view, is different than what currently is defined in the TS we suggest that further discussion is needed on how it shall be captured. There are multiple options/approaches to take, and we list some here for further discussion.
1. Add a new “sub-clause” under Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to capture the MSD when there is intermodulation interference due to intra-band CA
2. Add additional MSD values in the existing Tables (e.g.7.3A.5-1) under Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to capture the MSD when there is intermodulation interference due to intra-band CA. These additional MSD values will be marked with a note referring to the specific intra-band configuration where they are applicable
3. Other solutions not precluded.   
Proposal 4: Discuss how to modify Clause 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in 38.101-1 to also include exceptions (i.e. MSD) for clause for intermodulation interference due to intra-band CA.

5		References
[1] R4-137074 TP for TR 36.833-4 on 2UL non-contiguous intra-band CA IMD analysis, Mediatek, WG4 Meeting #69
[2] 3GPP TR 36.833-4 V12.0.0 (2014-12)” LTE-Advanced intra-band non-contiguous Carrier Aggregation (CA) for 2 uplinks (2UL)”
[3] R4-2220556, WF on triple beat rules and MSD for inter-band with 2UL with intra-band ULCA

Annex A
Since this type of MSD in our opinion is different than the ones already studied for intra band NR intra band Carrier Aggregation including contiguous and non-contiguous spectrum in TR 38.718-01-01 for FDD, we propose to add the following analysis section to the TR.
******************************* START OF CHANGES *******************************
[bookmark: _Toc441571534][bookmark: _Toc521487464][bookmark: _Toc47513974]6.x	CA_xDL_a_yUL_b
[bookmark: _Toc441571535][bookmark: _Toc521487465][bookmark: _Toc47513975]6.x.1	Channel bandwidths per operating band for CA
Table 6.x.1-1: Supported bandwidth combinations for CA_xDL_a_yUL_b
	NR CA configuration
	Uplink CA configuration or single uplink carrier4
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	
	
	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	

	-
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc521487466][bookmark: _Toc47513976][bookmark: _Toc441571537]6.x.2	Co-existence studies
<Text will be added.>
6.x.2.1	Co-existence studies for Uplink Intra-Band Non-Contiguous CA
Editor's note: This study is only needed for Intra-Band Non-Contiguous Carrier Aggregation in the uplink band which includes a FDD band.
[bookmark: _Toc22817115][bookmark: _Toc64285820][bookmark: _Toc64285868]Table 6.x.2.1-1: Co-existence studies for Uplink Intra-Band Non-Contiguous CA
	Configuration
	Channel BW
	Minimum channel separation
	Maximum channel separation
	Minimum frequency
	Maximum frequency
	

	Data
	
	
	
	
	
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	
	
	
	
	
	

	2nd
	I fU1L-fU2LI
	I fU1L-fU3L I
	fU1L + fU2L
	fU1H+fU2H
	-
	-

	Interference ranges
	
	
	
	
	-
	-

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

	Interference ranges
	
	
	
	
	-
	-

	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
	
	
	
	
	
	

	5th
	I 3*fUL1-2*fU3L I
	I 3*fUH1-2*fU3H I
	4*fUL1-fU3L
	4*fUH1-fU3H
	4*fUL1+fU2L
	4*fUH1+fU2H

	Interference ranges
	
	
	
	
	
	

	6th
	I 3*fUL1-3*fU2L I
	I 3*fUH1-3*fU3H I
	4*fUL1-2*fU3L
	4*fUH1-2*fU3H
	5*fUL1-fU3L
	5*fUH1-fU3H

	Interference ranges
	
	
	
	
	
	

	7th
	I 4*fUL1-3*fU3L I
	I 4*fUH1-3*fU3H I
	5*fUL1-2*fU3L
	5*fUH1-2*fU3H
	6*fUL1-fU3L
	6*fUH1-fU3H

	Interference ranges
	
	
	
	
	
	



6.x.3	REFSENS
<Text will be added.>

******************************* END OF CHANGES *******************************

Annex B
Since this type of MSD in our opinion is different than the ones already studied for NR Inter-band Carrier Aggregation/Dual Connectivity for 2 bands DL with x bands UL (x=1,2) in TR 38.718-02-01 when there is Non-contiguous Intra-band CA in the uplink, we propose to add the following analysis section to the TR.
******************************* START OF CHANGES *******************************
[bookmark: _Toc19978][bookmark: _Toc109047237][bookmark: _Toc2528][bookmark: _Toc866]5.x	CA_nX-nY
[bookmark: _Toc32530][bookmark: _Toc29312][bookmark: _Toc109047245][bookmark: _Toc27890]*************************** UNCHANGED CLAUSES OMITTED ***************************
5.x.2	Specific for 2 bands UL CA
Editor's note: Text will be added if 2 bands UL CA are supported, otherwise all the clauses shall be void. 
*************************** UNCHANGED CLAUSES OMITTED ***************************
[bookmark: _Toc109047247][bookmark: _Toc23972][bookmark: _Toc31415][bookmark: _Toc8892]5.x.2.2	UE co-existence studies
Table 5.x.2.2-1 lists Band nX + Band nY 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.x.2.2-1: Band nX and Band nY UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	
	

	IMD frequency limits (MHz)
	–
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	
	

	IMD frequency limits (MHz)
	–
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	–
	–

	NOTE :	For each IMD item, when two bound values before taking absolute have different signs, the relevant IMD range shall be set such that  (1) the lower bound is 0 and (2) the upper bound is the bigger value of the two after taking absolute.



[bookmark: OLE_LINK8]Based on Table 5.x.2.2-1, nth order IMD may also fall into Rx frequencies of bands nX or band nY.
Table 5.x.2.2-2 lists the protected bands required for the 2UL bands CA configuration.
Table 5.x.2.2-2: Protected bands for the 2UL bands CA configuration
	NR CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_nX-nY
	E-UTRA Band .....
	FDL_low
	-
	FDL_high
	
	
	x

	
	Frequency range
	
	-
	
	
	
	

	NOTE x:		.....
Editor's note: The NOTE order must keep consistent with the Table 6.5A.3.2.3-1 in TS38.101-1.


[bookmark: _Toc109047248][bookmark: _Toc12186][bookmark: _Toc15932][bookmark: _Toc21938]5.x.2.2.1	UE co-existence studies for Uplink Intra-Band Non-Contiguous CA
Editor's note: This study is only needed in case of Intra-Band Non-Contiguous Carrier Aggregation in the uplink band(s) with potential impact in the other receiver band(s).
Table 5.x.2.2.1-1: Co-existence studies for Uplink Intra-Band Non-Contiguous CA
	Configuration
	Channel BW
	Minimum channel separation
	Maximum channel separation
	Minimum frequency
	Maximum frequency
	

	Data
	
	
	
	
	
	-

	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	fU2H
	fU3H

	Frequency
	
	
	
	
	
	

	2nd
	I fU1L-fU2LI
	I fU1L-fU3L I
	fU1L + fU2L
	fU1H+fU2H
	-
	-

	Interference ranges
	
	
	
	
	-
	-

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

	Interference ranges
	
	
	
	
	-
	-

	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
	
	
	
	
	
	

	5th
	I 3*fUL1-2*fU3L I
	I 3*fUH1-2*fU3H I
	4*fUL1-fU3L
	4*fUH1-fU3H
	4*fUL1+fU2L
	4*fUH1+fU2H

	Interference ranges
	
	
	
	
	
	

	6th
	I 3*fUL1-3*fU2L I
	I 3*fUH1-3*fU3H I
	4*fUL1-2*fU3L
	4*fUH1-2*fU3H
	5*fUL1-fU3L
	5*fUH1-fU3H

	Interference ranges
	
	
	
	
	
	

	7th
	I 4*fUL1-3*fU3L I
	I 4*fUH1-3*fU3H I
	5*fUL1-2*fU3L
	5*fUH1-2*fU3H
	6*fUL1-fU3L
	6*fUH1-fU3H

	Interference ranges
	
	
	
	
	
	



5.x.2.3	REFSENS requirements
 Editor's note: Text will be added if  IMD due to 2 bands UL issues are identified. 
******************************* END OF CHANGES *******************************
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