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1. Introduction
In this document, we discuss the crossband noise impact of large UL NR channel bandwidth on E-UTRA downlink carrier for small frequency spacing between E-UTRA and NR bands.
2. Discussion
2.1. Background
TS38.101-3 [1] already has a provision for crossband noise MSD for ENDC band combinations that are near one another. Usually, when the band combination is introduced, the requirement is derived with restricted UL configuration as was done in the past in TS36.101 [2] with CA band combinations that are near one another.
However, as part of the release 16 work items, larger channel BWs have been added to some NR bands. Even though care was taken to complete the TS38.101-1 [3] requirement for REFSENS, but the intermodulation impact of the restricted UL configuration in the larger bandwidth in the NR band on the nearby EUTRA DL band was overlooked.
Observation: The intermodulation impact of the restricted UL configuration in the larger NR bandwidth was overlooked when EUTRA and NR bands are close to each other, like the distortion impact on REFSENS for NR bands with small duplex offset and large bandwidth. 

2 cases were analysed in this discussion paper along with accompanying CRs [4] [5]. 
· DC_1A_n40A 

· band combination was introduced in release 15, but impact of large BW was overlooked, especially the 80MHz BW.

· DC_3A_n1A

· band combination introduced in release 16, with larger NR BWs of 25MHz, 30MHz, 40MHz, and 50MHz added and no update was made to 38.101-3.
2.2. Analysis for DC_1A_n40A
Band n40 and Band 1 RX are separated by only 130MHz, and the supporting NR UL bandwidth can be as high as 80MHz. The close proximity of these 2 bands create a 5th order distortion product (CIM5) as well as the intermodulation of the 3rd order product (CIM3) with the n40 TX signal to land in B1 RX. The problem is exaggerated by poor filtering of n40, which is a TDD band, where the rejection performance is relatively poor than typical duplex filters of FDD bands. 
The analysis is shown below with the assumption of CIM3=-50dBc and CIM5=-70dBc. The analysis shows UL BWs of 20MHz, 60MHz, and 80MHz with a 5MHz DL band. Note, that the CIM3 is significantly worse than other bands to lower current consumption because there are no specific NS requirements for n40. So, the combined effect of poor filtering and lower baseband current consumption contributes to higher than usual distortion for 80MHz BW. The analysis includes the correction factor of the integration factor of RXBW to the distortion BW.
Table 2.3-1: Analysis
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Numbers relative to TXLO

CIM5_high -105.375

CIM5_center -150.375

CIM5_low -195.375

B1 High Edge -170

B1 Low Edge -230


[image: image2.emf]TX BW 20 60 80

RX BW 5 5 5

RX Alloc BW 4.5 4.5 4.5

UL config 100.0 50.0 50.0

FELoss 4 4 4

Ant -10 -10 -10

TX_RX_iso_RX_dB -27 -27 -27

TX_RX_iso_TX_dB -40 -40 -40

HD5_Emission_dBm -1007.0 -1006.99 -71.6838

TX_IM2, dBm -110 -110 -110

Tx_noise, dBm/BW -85.4 -85.4473 -85.4473

TX_total, dBm/BW -85.4 -85.4321 -71.5043

Themal (from NF), dB -90.0 -90 -90

Composite, dBm/BW -84.1 -84.131 -71.4433

MRC REFSENS, dBm -85.7 -85.7 -72.5

REFSENS_ideal -94.0 -94.0 -94.0

MSD 8.3 8.3 21.5

 
Table 2.2-2: MSD summary of all UL and DL BW combinations
	DC_3_n1 with B3 DL MSD
	 
	DL BW

	
	21.5
	5
	10
	15
	20

	UL BW
	5
	8.3
	8.3
	8.2
	8.3

	
	10
	8.3
	8.3
	8.2
	8.3

	
	15
	8.3
	8.3
	8.2
	8.3

	
	20
	8.3
	8.3
	8.2
	8.3

	
	25
	8.3
	8.3
	8.2
	8.3

	
	30
	8.3
	8.3
	8.2
	8.3

	
	40
	8.3
	8.3
	8.2
	8.3

	
	50
	8.3
	8.3
	8.2
	8.3

	
	60
	8.3
	8.3
	8.2
	8.3

	
	80
	21.5
	21.5
	21.5
	21.5

	UL config*2µ_min
	100
	100
	100
	100


Table 2.2-3: DC_1A_n40A MSD Proposal
	
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30 MHz

(dB)
	40 MHz

(dB)
	50 MHz

(dB)
	60 MHz

(dB)
	80 MHz

(dB)
	90 MHz

(dB)
	100 MHz

(dB)

	n40
	1
	8.3
	8.3
	8.3
	8.3
	
	
	
	
	
	
	
	

	n40
	13
	21.5
	21.5
	21.5
	21.5
	
	
	
	
	
	
	
	

	NOTE 3:
Applicable only for n40 UL BW = 80MHz.


2.3.  Analysis for DC_3A_n1A
Band n1 and Band 3 are separated by only 30MHz, and the supporting NR UL bandwidths have increased from 20MHz up to now 50MHz. The current MSD specification only covers UL BW to 20MHz. Again, as with the previous case, when higher BWs are added, the distortion impact increases. For 25MHz, 30MHz, and 40MHz UL BW, there is 5th order distortion combined with the intermodulation of the 3rd order distortion with the TX signal as in the previous case. The 5th order impact in the DC_3_n1 case is less than that of the DC_1_n40 case because of the n1 duplex filter as well as better CIM3. For 50MHz UL BW, there is the direct 3rd order impact of the image and the TX signal as well as the 5th order effects.
The analysis is shown below with the assumption of Image = -28dBc, CIM3=-60dBc, and CIM5=-70dBc. The analysis shows UL BWs of 20MHz, 40MHz, and 50MHz with a 5MHz DL band. Correction factor was used to account for the overlap of the RX BW over the distortion BW. Even though the direct 3rd order distortion level is large, it is compensated by a large correction factor due to small overlap of RXBW over the distortion BW. The duplex type filter rejection also helps.

Table 2.3-1: Analysis
[image: image3.emf]40MHz ULBW showing CIM5 overlap 50 MHz ULBW showing CIM5 and IM3 overlap

Numbers relative to TXLO Numbers relative to TXLO

CIM5_high -74.7375 CIM5_high -99.0375

CIM5_center -85.9875 CIM5_center -110.288

CIM5_low -97.2375 CIM5_low -121.538

IM3_high -44.8425 IM3_high -59.4225

IM3_center -51.5925 IM3_center -66.1725

IM3_low -58.3425 IM3_low -72.9225

B3 High Edge -60 B3 High Edge -65

B3 Low Edge -135 B3 Low Edge -140


[image: image4.emf]TX BW 20 40 50

RX BW 5 5 5

RX Alloc BW 4.5 4.5 4.5

UL config 25.0 25.0 25.0

FELoss 4 4 4

Ant -10 -10 -10

TX_RX_iso_RX_dB -45 -45 -45

TX_RX_iso_TX_dB -34.3 -34.3 -34.3

HD_Emission_dBm -1025.0 -96.8826 -79.2383

TX_IM2, dBm -98.6 -98.6 -98.6

Tx_noise, dBm/BW -99.5 -99.4679 -99.4679

TX_total, dBm/BW -96.0 -93.4097 -79.1477

Themal (from NF), dB -93.0 -93 -93

Composite, dBm/BW -91.2 -90.1897 -78.9724

MRC REFSENS, dBm -94.0 -92.5 -80.1

REFSENS_ideal -97.0 -97.0 -97.0

MSD 3.0 4.5 16.9


Table 2.3-2: MSD summary of all UL and DL BW combinations
	DC_3_n1 with B3 DL MSD
	 
	DL BW

	
	16.9
	5
	10
	15
	20

	UL BW
	5
	3.0
	2.4
	2.1
	2.0

	
	10
	3.0
	2.4
	2.1
	2.0

	
	15
	3.0
	2.4
	2.1
	2.0

	
	20
	3.0
	2.4
	2.1
	2.0

	
	25
	4.5
	3.7
	3.1
	2.8

	
	30
	4.5
	4.1
	3.9
	3.6

	
	40
	4.5
	4.1
	3.9
	3.8

	
	50
	16.9
	16.0
	14.3
	13.2

	UL config*2µ_min
	25
	25
	25
	25


Table 2.3-3: DC_3A_n1A MSD Proposal
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30 MHz

(dB)
	40 MHz

(dB)
	50 MHz

(dB)
	60 MHz

(dB)
	80 MHz

(dB)
	90 MHz

(dB)
	100 MHz

(dB)

	n13
	3
	3.0
	2.3
	2
	1.8
	
	
	
	
	
	
	
	

	n13,5
	3
	4.5
	4.1
	3.9
	3.8
	
	
	
	
	
	
	
	

	n13,6
	3
	16.9
	16.0
	14.3
	13.2
	
	
	
	
	
	
	
	

	NOTE 3:
These requirements apply when the uplink is active in Band n1, n84 and the separation between the lower edge of the uplink channel in Band n1, n84 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band n1, n84.

NOTE 5:
Applicable only for n1 UL BW = 25, 30, 40MHz.
NOTE 6:
Applicable only for n1 UL BW = 50MHz.


3. Conclusion

Observation: The intermodulation impact of the restricted UL configuration in the larger NR bandwidth was overlooked when EUTRA and NR bands are close to each other, like the distortion impact on REFSENS for NR bands with small duplex offset and large bandwidth. 
Proposal 1: Use MSD defined in Table 2.2-3 for DC_1A_n40A that shows 5th order impact with 80MHz UL BW for NR band n40.
Proposal 2: Use MSD defined in Table 2.3-3 for DC_3A_n1A that shows 5th order impact with 25, 30, 40MHz UL BWs and 3rd order impact with 50MHz UL BW for NR band n1.
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