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1. Introduction
At meeting RAN4 #104-bis-e, a set of guidelines on how to analyze and specify the Scell MSD of intra-band EN-DC combination for which an IMD product may affect both the Pcell and the Scell of the downlink band were agreed in WF [1]. This WF was triggered by initial MSD analysis for DC_3A-(n)7AA [2] and DC_(n)3AA-n8A [3]. This document presents measurement data to evaluate additional missing three-band MSD test points for DC_2A-(n)6AA, DC_8A-(n)3AA, DC_48A-(n)12AA and DC_66A-(n)5AA.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
The missing MSDs are evaluated using Power Amplifier IMD measurements with the following assumptions:
· Power class 3 operation;
· PA calibration: calibrated to meet -30dBc at 26dBm output power using a 20 MHz, SCS15 kHz, QPSK, DFT-S-OFDM, waveform with Lcrb=100 RB at lower channel edge;
· Post PA losses: 4dB;
· RF transceiver impairments: 	C-IM3: -60dBc, C-IM5: -70dBc, Local Oscillator (LO) leakage: -28dBc, IQ Image rejection: -28dB;
· Only forward IMD products are evaluated; and,
· UL waveforms/RB allocations: as specified in Table 7.3B.2.3.5.1-1 for the corresponding two-band fall-back.
2.1 MSD for DC_66A-(n)5AA
The two-band fall-back for DC_66A-(n)5AA is DC_66A_n5A for which the DL band n5 MSD is specified at 30dB due to the interference resulting from intermodulation distortion (IMD) product of 2nd order. However, for DC_66A_(n)5AA, the three-band MSD test point for LTE band B5 Scell is missing in TS 38.101-3 17.7.0. The corresponding IMD landscape is summarized below in Figure 1, in which the MSD test point for the two-band fall-back combination is reproduced. 
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[bookmark: _Ref118666336]Figure 1: A) IMD2 landscape overview for DC_66A-(n)5AA. B) IMD2 MSD test point missing for LTE B5 Scell 

The IMD2 power spectral density (PSD) plotted in blue in Figure 2 is measured using:
· n5 UL Fc=838MHz, 5MHz CBW, Lcrb=25RB, QPSK, DFT-s-OFDM, SCS15kHz; and
· B66 UL Fc=1721MHz, 5MHz CBW, Lcrb=25RB, QPSK.
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[bookmark: _Ref118670500]Figure 2: Measured IMD2 PSD in blue (1.n5-1.B66). For illustration purposes: n5 5MHz DL carrier is overlaid in red for DC_66A-(n)5AA and in black for fall-back DC_66A_n5A. LTE B5 DL Scell 5MHz in orange.

In Figure 2, the LTE Scell CBW and NR Pcell are overlaid in orange and red respectively. The black overlay illustrates the band n5 30dB MSD test point for the two-band fall-back combination. The integrated IMD2 interference level in the LTE B5 DL Scell is approximately 7.1dB lower (orange dashed area) than the interference power integrated in the NR n5 5MHz Pcell (red-dashed area). Based on this interference power ratio, we propose the following MSD test point.
Proposal 1: For DC_66A-(n)5AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_66A-(n)5AA
	66
	1721
	5
	25
	2121
	N/A
	N/A

	
	5
	N/A
	5
	N/A
	878
	25
	IMD2

	
	n5
	838
	5
	25
	883
	30
	IMD2



2.2 MSD for DC_2A-(n)66AA
The two-band fall-back combination for DC_2A-(n)66AA is DC_2A_n66A for which the DL band n66 MSD is specified at 4dB due to the interference resulting from intermodulation distortion (IMD) product of 5th order – refer to Table 1. However, for DC_2A_(n)66AA, the three-band MSD test point for LTE band B66 Scell is missing in TS 38.101-3 17.7.0.
[bookmark: _Ref118672476]Table 1: Two-band fall-back DC_2A_n66A MSD test point.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_2A-n66A
DC_2A-2A_n66A
DC_2A_n66(2A)
	2
	1883.3
	5
	25
	1963.3
	N/A
	N/A

	
	n66
	1750
	5
	25
	2150
	4
	IMD5



The IMD5 power spectral density (PSD) plotted in blue in Figure 3 is measured using:
· n66 UL Fc=1766MHz, 5MHz CBW, Lcrb=25RB, QPSK, DFT-s-OFDM, SCS15kHz; and
· B2 UL Fc=1883.3MHz, 5MHz CBW, Lcrb=25RB, QPSK.
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[bookmark: _Ref118671650]Figure 3: Measured IMD5 PSD in blue (2.n66-3.B2). For illustration purposes: n66 5MHz DL carrier is overlaid in red for DC_2A-(n)66AA and in black for fall-back DC_2A_n66A. LTE B66 DL Scell 5MHz in orange.

In Figure 3, the integrated IMD5 interference level in the LTE B66 DL Scell is approximately 3.1dB lower (orange dashed area) than the interference power integrated in the NR n66 5MHz Pcell (red-dashed area). Based on this interference power ratio, we propose the following MSD test point.

Proposal 2: For DC_2A-(n)66AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_2A-(n)66AA
	2
	1883.3
	5
	25
	1963.3
	N/A
	N/A

	
	66
	N/A
	5
	N/A
	878
	2.8
	IMD5

	
	n66
	1750
	5
	25
	2150
	4
	IMD5



2.3 MSD for DC_48A-(n)12AA
The fall-back for DC_48A-(n)12AA is DC_48A_n12A for which the DL band n66 MSD is specified at 5.5dB due to the interference resulting from intermodulation distortion (IMD) product of 5th order – refer to Table 2. However, for DC_48A_(n)12AA, the three-band MSD test point for LTE band B12 Scell is missing in TS 38.101-3 17.7.0.
[bookmark: _Ref118672535]Table 2: Two-band fall-back DC_48A_n12A MSD test point.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_48A_n12A
	48
	3557.5
	10
	50
	3557.5
	N/A
	N/A

	
	n12
	705.5
	5
	25
	735.5
	5.5
	IMD5



The IMD5 power spectral density (PSD) plotted in blue in Figure 3 is measured using:
· n12 UL Fc=705.5MHz, 5MHz CBW, Lcrb=25RB, QPSK, DFT-s-OFDM, SCS15kHz; and
· B48 UL Fc=3557.5MHz, 10MHz CBW, Lcrb=50RB, QPSK.
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[bookmark: _Ref118672872]Figure 4: Measured IMD5 PSD in blue (1.B48-4.n12). For illustration purposes: n12 5MHz DL carrier is overlaid in red for DC_48A-(n)12AA and in black for fall-back DC_48A_n12A. LTE B12 DL Scell 5MHz in orange.

In Figure 4, the integrated IMD5 interference level in the LTE B12 DL Scell is approximately 0.8dB lower (orange dashed area) than the interference power integrated in the NR n12 5MHz Pcell (red-dashed area). The MSD is evaluated at 5.2dB LTE Scell, considering the small difference, we propose to adopt the same MSD level than the n12 Pcell.

Proposal 3: For DC_48A-(n)12AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_48A-(n)12AA
	48
	3557.5
	10
	50
	3557.5
	N/A
	N/A

	
	12
	N/A
	5
	N/A
	740.5
	5.5
	IMD5

	
	n12
	705.5
	5
	25
	735.5
	5.5
	IMD5



2.3 MSD for DC_8A-(n)3AA
The MSD for LTE Scell B3 in DC_8A-(n)3AA is missing in the technical specifications. We propose to adopt the same three-band MSD test point that is presented in [3].
Proposal 4: For DC_8A-(n)3AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_8A-(n)3AA
	8
	897.5
	5
	25
	942.5
	N/A
	N/A

	
	3
	N/A
	5
	N/A
	1835
	4.5
	IMD5

	
	n3
	1747.5
	10
	50
	1842.5
	6.4
	IMD5



3. Conclusion
This contribution evaluates several missing intra-band DC Scell MSD due to IMD product overlapping both the Scell and Pcell. Based on the agreed WF [1] and our measurements, we make the following proposals.
Proposal 1: For DC_66A-(n)5AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_66A-(n)5AA
	66
	1721
	5
	25
	2121
	N/A
	N/A

	
	5
	N/A
	5
	N/A
	878
	25
	IMD2

	
	n5
	838
	5
	25
	883
	30
	IMD2



Proposal 2: For DC_2A-(n)66AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_2A-(n)66AA
	2
	1883.3
	5
	25
	1963.3
	N/A
	N/A

	
	66
	N/A
	5
	N/A
	878
	2.8
	IMD5

	
	n66
	1750
	5
	25
	2150
	4
	IMD5



Proposal 3: For DC_48A-(n)12AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_48A-(n)12AA
	48
	3557.5
	10
	50
	3557.5
	N/A
	N/A

	
	12
	N/A
	5
	N/A
	740.5
	5.5
	IMD5

	
	n12
	705.5
	5
	25
	735.5
	5.5
	IMD5



Proposal 4: For DC_8A-(n)3AA, adopt the following three-band MSD test point for Table 7.3B.2.3.5.2-1.
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_8A-(n)3AA
	8
	897.5
	5
	25
	942.5
	N/A
	N/A

	
	3
	N/A
	5
	N/A
	1835
	4.5
	IMD5

	
	n3
	1747.5
	10
	50
	1842.5
	6.4
	IMD5
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