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1. Introduction
This contribution covers several NR-CA MSD test points that were impacted by cross-band isolation. These were corrected at the last RAN4 meeting [1] with most changes being captured in discussion paper [2]. This report presents additional corrections that could not be implemented in [1] due to time constraints for CA_n41-n66 power class 2 (PC2), and SUL_n41_n97. Careful review of TS 38.101-3 MSD test points for cross-band isolation has revealed that several NR-CA MSD test points may be missing in TS 38.101-1. This paper proposes a cross-alignment between these two TS.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
2.1 MSD Evaluation Methodology and PA calibration
To minimize the impact on legacy agreements, we re-use the RF-FE architecture assumptions of [2] for the MSD analysis of CA_n41-n66 and SUL_n41-n97. MSD are re-evaluated in clause 2.1 and 2.2 using updated measurements of the power amplifier (PA) interference levels and the following assumptions:

· Power class 3 operation:  the PA is 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,
· Power class 2 operation:  the PA is calibrated to meet -31dBc at 29dBm 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
· Diplexer to antenna IL:			1.5dB
· Local Oscillator (LO) leakage: 	-28dBc
· IQ Image rejection: 				-28dB
· RF transceiver impairments: 		C-IM3: -60dBc, C-IM5: -70dBc
Regarding the discrepancy between the agreed EN-DC MSD test points and the missing test points for their NR-CA counterparts, we have found that most EN-DC test points can be directly ported to NR-CA without the need to re-evaluate the MSD as explained in clause 2.3.
2.1 n66 PC2 and PC1.5 MSD for CA_n41-n66
Background on Rel-18.0.0 PC3 vs PC2 vs PC1.5 test-point:
Table 1 summarizes the PC3, PC2 and PC1.5 band n66 MSD test points for CA_n41-n66. The PC3 test point was updated in [1] to match the new cross-band isolation table template and WF agreement [5]. However, both the PC2 and the PC1.5 test points need to be updated since they do not account for the band n41 100MHz UL CBW specified for BCS 0.
[bookmark: _Ref127288357]Table 1: Rel-18.0.0 PC3 and PC2 MSD requirements for CA_n41A-n66A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source
	Power Class

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	
	

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	10.50
	>ACLR2
	3

	n41
	n66
	2521
	50
	30
	128 (RBstart=0)
	2197.5
	5
	5.4
	>ACLR2
	2

	n41
	n66
	2521
	50
	30
	128 (RBstart=0)
	2197.5
	5
	7.7
	>ACLR2
	1.5



Note that the agreed 7.7dB n66 MSD for PC1.5 is 2.8dB higher than the PC2 MSD. The PC1.5 MSD was evaluated by calculating the interference power for the PC2 MSD into n41, and then increasing the interference power by 3 dB, and finally by calculating the new corresponding MSD. It seems the impact of reverse IMD was not considered.
For MSD evaluation, we re-use the RF Front-End (RFFE) assumptions of the PC3 MSD analysis from [2,6] i.e.:
· Main LNA to main antenna insertion losses: 4dB;
· n41 tx to n66 Rx cross-band isolation at n66 DL frequency: 40dB (30dB Tx SAW + 10dB diplexer);
· diplexer to primary antenna connector insertion loss: 1.5dB;
· the contribution of LNA IIP2 induced noise is ignored;
· uncorrelated MRC combining;
· SNR at REFSENS of -1dB.
Figure 1 summarizes the measured PA noise levels for PC3 (reproduced from [2]), PC2 and PC1.5:
· For PC2 UL n41 100MHz UL CBW and LCRB = 270 (RBstart=0), we measure at the band n66 upper 5MHz CBW DL channel a PA interference level of -40.5dBm. 
· At this level, the band n66 5MHz PC2 MSD is 12.5dB.
· For PC1.5, we add to the PA PC2 interference level a 0.4dB reverse IMD contribution. The total interference level is estimated at -37.1 dBm.
· At this level, the band n66 5MHz PC1.5 MSD is 15.6dB. This level is 3.1dB higher than the PC2 level.
[image: ]
[bookmark: _Ref127312003]Figure 1: n66 upper 5MHz DL MSD for CA_n41-n66 PC3 (from [2]), PC2 and PC1.5 operation.


Proposal 1: For CA_n41A-n66A, adopt the MSD test points of Table 2 for PC2 operation and Table 3 for PC1.5.
[bookmark: _Ref127290403]Table 2: PC2 MSD requirements for CA_n41A-n66A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	12.5
	>ACLR2


[bookmark: _Ref127380023]Table 3: PC1.5 MSD requirements for CA_n41A-n66A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	15.6
	>ACLR2



2.2 Update to SUL_n41_n97 PC3 MSD
This MSD analysis of [2] is re-evaluated for n97 100MHz UL CBW and  the following n41 carrier frequencies: 2505MHz for 10MHz CBW, and 2550 for 100MHz CBW.
Background on Rel-18.0.0 test-point:
[bookmark: _Ref127290359]Table 4: Rel-18.0.0 n41 MSD test-point for SUL_n41-n97
[image: ]
The agreed 20.7dB n41 MSD in Table 4 was proposed in [7] with the following assumptions:
· PA noise PSD of -99dBm/Hz for 80MHz UL CBW and LCRB = 216 (RBstart = 1);
· 40dB (40dB Tx SAW + 0dB diplexer) cross-band isolation Tx to n41 Rx at n41 DL frequency.
· It should be noted that in [7]:
· the MSD is dominated by the LNA IIP2,
· the PA interference level is assumed to scale with DL CBW, with PSD of -99dBm/Hz referred to the PA output port.
MSD re-evaluation: 
· We re-use the cross-band isolation parameters of [7] and include a 1.5dB diplexer to primary antenna connector insertion loss;
· The contribution of LNA IIP2 induced noise is ignored due to PA interference levels dominating the MSD;
· For PC3 UL n97 100MHz UL CBW and LCRB=270 RB (RBstart=3), we measure an integrated PA interference level of:
· -22.1dBm at n41 5MHz CBW DL carrier frequency 2505MHz; 
· -15.7dBm at n41 100MHz CBW DL carrier frequency of 2550MHz.
The band n41 10MHz/100MHz CBW MSD is evaluated at 25.7dB/22dB as shown in Figure 2-left/right respectively. The test point is updated in Table 4, proposal 2 below.
[image: ]
[bookmark: _Ref127350778]Figure 2: Updated n41 10MHz/100MHz MSD for SUL_n97-n41 to account for 100MHz UL CBW in band n97.

Proposal 2: For SUL_n41A-n97A, adopt the MSD test points of Table 5 for PC3 operation.
[bookmark: _Ref127290310]Table 5: PC3 MSD requirements for SUL_n41A-n97A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n97
	n41
	2350
	100
	30
	270 (RBstart=3)
	2505
	10
	25.8
	ACLR2

	n97
	n41
	2350
	100
	30
	270 (RBstart=3)
	2550
	100
	22.0
	ACLR2


2.3 PC3 EN-DC MSD test points missing in NR-CA
A review of the EN-DC PC3 cross-band isolation MSD test points indicates that that the test points captured in Table 5 are missing for their respective NR-CA counterparts (observation 1, [3]).
[bookmark: _Ref127314542]Table 6: PC3 EN-DC MSD requirements (Table 7.3B.2.3.4-1) and corresponding NR-CA combinations for which MSD test points are missing.
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD (dB)

	UL band
	DL band
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	Corresponding NR-CA

	30
	n66
	8.3
	8.3
	8.3
	8.3
	8.3
	8.3
	8.3
	CA_n30A-n66A

	n38
	2
	0.6
	0.6
	0.6
	0.6
	
	
	
	CA_n2A-n38A

	n38
	66
	1.9
	1.9
	1.9
	1.9
	
	
	
	CA_n38A-n66A

	n41
	2
	0.6
	0.6
	0.6
	0.6
	
	
	
	CA_n2A-n41A

	n71
	12
	2.3
	2.3
	
	
	
	
	
	CA_n12A-n71A

	n77
	71
	4.5
	4.5
	4.5
	4.5
	
	
	
	CA_n7A-n77A



Table 7 summarizes the EN-DC uplink configuration for each band-combination.
[bookmark: _Ref127314734]Table 7: EN-DC uplink RB configurations for MSD due to cross-band isolation (Table 7.3B.2.3.4-2)
	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band / UL RB allocation of the agressor band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
(LCRB)
	10 MHz
(LCRB)
	15 MHz
(LCRB)
	20 MHz
(LCRB)
	25 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)

	30
	n66
	15
	25
	25
	25
	25
	25
	25
	25

	n38
	2
	15
	100
	100
	100
	100
	
	
	

	n38
	66
	15
	100
	100
	100
	100
	
	
	

	n41
	2
	30
	160
	160
	160
	160
	
	
	

	n71
	12
	15
	20
	20
	
	
	
	
	

	n77
	7
	30
	270
	270
	270
	270
	
	
	

	NOTE 1:	The UL configuration applies regardless of the channel bandwidth of the UL band. UL resource blocks allocation in the table shall be further limited to that specified in Table 7.3.1-2 in TS 36.101 or Table 7.3.2-3 in TS 38.101-1.
NOTE 2:	The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. 
NOTE 3:	When the maximum UL RB allocation “LCRB” value is less than the maximum transmission bandwidth configuration “NRB” defined in Table 5.3.2-1 in 38.101-1 for the specified UL band SCS, the UL band should be configured using the lowest CBW that is compatible with the maximum specified LCRB value.



Table 8 summarizes the corresponding NR-CA bandwidth combination sets and shows with yellow highlighted text that, for all band combinations, except for CA_n7-n77, the EN-DC MSD levels have been specified for a smaller UL CBW that the agreed NR-CA maximum supported UL CBW of WF [5]. So, in theory, every MSD level should be re-visited. 
[bookmark: _Ref126852391]Table 8: Supported bandwidth combination sets for the NRCA band combination counterparts.
	NR CA Configuration
	Uplink CA Configurations or single uplink carrier
	NR band
	Channel bandwidth (MHz)
	Bandwidth combination set
	UL band highest CBW (MHz)
EN-DC Table 6 vs NR-CA WF [5]
	DL band lowest CBW (MHz)
EN-DC Table 6 vs NR-CA WF [5]

	CA_n30A-n66A
	CA_n30A-n66A
	n30
	5, 10
	0
	B30: 5 (EN-DC)
	n66: 5 (ENDC)

	
	
	n66
	5, 10, 15, 20, 25, 30, 40
	
	n30: 10 (BCS 0)
	n66: 5 (BCS 0)

	CA_n2A-n38A
	-
	n2
	5, 10, 15, 20
	0
	n38: 20 (ENDC)
	B2: 5 (ENDC)

	
	
	n38
	5, 10, 15, 20, 40
	
	n38: 40 (BCS 0)
	n2: 5 (BCS 0)

	CA_n38A-n66A
	CA_n38A-n66A
	n38
	5, 10, 15, 20
	0
	n38: 20 (ENDC)
n38: 40 (BCS 1)
	B66: 5 (ENDC)
n66: 5 (BCS 0,1)

	
	
	n66
	5, 10, 15, 20, 30, 40
	
	
	

	
	
	n38
	5, 10, 15, 20, 25, 30, 40
	1
	
	

	
	
	n66
	5, 10, 15, 20, 25, 30, 40
	
	
	

	CA_n2A-n41A
	-
	n2
	5, 10, 15, 20
	0
	n41: 60 (ENDC)
	B2: 5 (ENDC)

	
	
	n41
	10, 15, 20, 40, 50, 60, 80, 90, 100
	
	n41: 100 (BCS 0)
	n2: 5 (BCS 0)

	CA_n12A-n71A
	-
	n12
	5, 10, 15
	0
	n71: 5 (ENDC)
	B12: 5 (ENDC)

	
	
	n71
	5, 10, 15, 20
	
	n71: 20 (BCS 0)
	n12: 5 (BCS 0)

	CA_n7A-n77A
	CA_n7A-n77A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0
	n77: 100 (ENDC)
	B7: 5 (ENDC)

	
	
	n77
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	n77: 100 (BCS 0)
	n7: 5 (BCS 0)


[bookmark: _Ref127315839]
However, due to the large UL band – DL band frequency separation distance relative the configured UL / DL CBW, we observe that the EN-DC MSD levels can be ported to their NR-CA counterparts using the new MSD table template proposed in Table 9. A brief justification for each combination is captured in the last column of Table 8. The special case of CA_n12-n71 is treated in a separate paper [4].
[bookmark: _Ref127352096]Table 9: Justifications for porting the PC3 EN-DC test points to their corresponding NR-CA counterparts.
	UL band
	DL band
	UL Fc
	UL BW
	UL band
SCS
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source
	Justification for adopting EN-DC MSD levels

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	
	

	n30
	n66
	2310
	10
	15
	20 (RBstart=0)
	2197.5
	5
	8.3
	>ACLR2
	 No impact expected due to UL  Lcrb/CBW change from 25RB/5MHz  to 20RB/10MHz due to large UL-DL separation distance (~ -112MHz)

	n38
	n2
	2590
	40
	15
	216 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2
	 No impact expected due to UL  Lcrb/CBW change from 100RB/20MHz  to 216RB/40MHz due to large UL-DL separation distance (~ -602MHz)


	n38
	n66
	2590
	40
	15
	216 (RBstart=0)
	2197.5
	5
	1.9
	>ACLR2
	 No impact expected due to UL  Lcrb/CBW change from 100RB/20MHz  to 216RB/40MHz due to large UL-DL separation distance (~ -392MHz)

	n41
	n2
	2546
	100
	30
	270 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2
	 No impact expected due to UL  Lcrb/CBW change from 160RB/60MHz  to 270RB/100MHz due to large UL-DL separation distance (~ -558MHz)

	n77
	n7
	3350
	100
	30
	270 (RBstart=0)
	2687.5
	5
	4.5
	>ACLR2
	No impact since the EN-DC and the NR-CA UL configurations are identical.



Proposal 3: Adopt the Table 10 PC3 NR-CA cross-band isolation MSD test points. 
[bookmark: _Ref127356290]Table 10: missing NR-CA PC3 cross-band isolation MSD requirements.
	[bookmark: _Hlk127485687]UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n30
	n66
	2310
	10
	15
	20 (RBstart=0)
	2197.5
	5
	8.3
	>ACLR2

	n38
	n2
	2590
	40
	15
	216 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2

	n38
	n66
	2590
	40
	15
	216 (RBstart=0)
	2197.5
	5
	1.9
	>ACLR2

	n41
	n2
	2546
	100
	30
	270 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2

	n77
	n7
	3350
	100
	30
	270 (RBstart=0)
	2687.5
	5
	4.5
	>ACLR2



Finally, we observe that none of the NR-CA combinations of Table 10 support PC2, so only the PC3 NR-CA Table 7.3A.6- is impacted. A companion CR is proposed to capture these proposals.
3. Conclusion
This contribution submits PA measurements that are used to evaluate the PC2 cross band isolation MSD of band n66 for CA_n41A-n66A, and the PC3 MSD of band n41 for SUL_n41A-n97A. After careful cross-check comparison of the agreed upon PC3 EN-DC test points, we have concluded that some NR-CA cross-band isolation MSD test points are missing. We submit a companion CR to this meeting to capture the following proposals.
Proposal 1: For CA_n41A-n66A, adopt the MSD test points of Table 2 for PC2 operation.
Table 2: PC2 MSD requirements for CA_n41A-n66A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	12.5
	>ACLR2


Table 3: PC1.5 MSD requirements for CA_n41A-n66A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	15.6
	>ACLR2



Proposal 2: For SUL_n41A-n97A, adopt the MSD test points of Table 5 for PC3 operation.
Table 5: PC3 MSD requirements for SUL_n41A-n97A.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n97
	n41
	2350
	100
	30
	270 (RBstart=3)
	2505
	10
	25.8
	ACLR2

	n97
	n41
	2350
	100
	30
	270 (RBstart=3)
	2550
	100
	22.0
	ACLR2


Proposal 3: Adopt the Table 10 PC3 NR-CA cross-band isolation MSD test points. 
Table 10: missing NR-CA PC3 cross-band isolation MSD requirements.
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n30
	n66
	2310
	10
	15
	20 (RBstart=0)
	2197.5
	5
	8.3
	>ACLR2

	n38
	n2
	2590
	40
	15
	216 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2

	n38
	n66
	2590
	40
	15
	216 (RBstart=0)
	2197.5
	5
	1.9
	>ACLR2

	n41
	n2
	2546
	100
	30
	270 (RBstart=0)
	1987.5
	5
	0.6
	>ACLR2

	n77
	n7
	3350
	100
	30
	270 (RBstart=0)
	2687.5
	5
	4.5
	>ACLR2
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