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1	Introduction 
In RAN4, #108b, maximum sensitivity degradation (MSD) test points have been agreed upon for CA_n5-n12, CA_n5-n14 and CA_n5-n29. These test points include uplink (UL) configured for carrier-aggregation (CA) CA_n5B BCS0 with a maximum of 20 MHz aggregated channel bandwidth (CBW) [1]. In this contribution, we present MSD levels based on power amplifier (PA) measurements.
2 Discussion
This contribution presents measured PA interference levels affecting the downlink (DL) component carriers of Band n12, Band n14, and Band n29 due to UL CA_n5B BCS0, with a maximum of 20 MHz aggregated CBW. The interference levels are measured according to test points reproduced from [1] in Table 1.
[bookmark: _Ref149818622]Table 1 Agreed MSD test points from way forward [1]
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	N/A
	
	N/AY

	
	n12
	N/A
	5
	N/A
	743.5
	TBD
	FDD
	IMD9

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	N/A
	
	N/AY

	
	n12
	N/A
	5
	N/A
	743.5
	TBD
	FDD
	IMD11

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	N/A
	
	N/AY

	
	n14
	N/A
	5
	N/A
	765.5
	TBD
	FDD
	IMD7

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=28)
	883.9
	N/A
	
	N/AY

	
	n14
	N/A
	5
	N/A
	765.5
	TBD
	FDD
	IMD9

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	N/A
	
	N/AY

	
	n29
	N/A
	5
	N/A
	725.5
	TBD
	FDD
	IMD11

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=37)
	883.9
	N/A
	
	N/AY

	
	n29
	N/A
	5
	N/A
	725.5
	TBD
	FDD
	IMD13

	NOTE X: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified
NOTE Y: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified


2.1 Power Amplifier Calibration
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR- PC3 ACLR -30 dBc
· Post PA losses: 4 dB
· Power Class 3 (PC3) operation
· Local Oscillator (LO) leakage: -28 dBc
· IQ Image rejection: -28 dB.
2.2 Measurement Results and MSD Proposal
The Band n5 PCC/SCC MSD is evaluated using the following parameters for the test point agreed upon in WF [4]:
· PC3 operation, Tx power level: 23 dBm
· Band n5 Tx filter rejection into n12/n14/n29 main LNA: 40 dB
· Band n5 Tx to antenna filter rejection in DL band n12/n14/n29 range: 37 dB
· Post-PA insertion losses: 4 dB
· Primary antenna to diversity antenna isolation: 10 dB
· MRC combining and -1dB Signal-to-Noise Ratio (SNR)

The measured noise in each DL CC and the corresponding MSD levels are captured in Table 2. According to WF [1], we also evaluate the Band n5 PCC/SCC self-desense for reference purposes. This assumes a 50 dB rejection of the Band n5 Tx filter to the main LNA, and a 45 dB Tx-to-antenna filter rejection in the Band n5 DL frequency range. 
[bookmark: _Ref149818965]Table 2 Interference levels and MSD evaluation results
	Band / Channel bandwidth / NRB / Duplex mode

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	Interference
(dBm/MBW)
	MSD 
(dB)
	Duplex mode

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	-12.8
	30.6
	FDD

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	-19.3
	24.1
	

	
	n12
	N/A
	5
	N/A
	743.5
	-38.8
	16
	FDD

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	-12.3
	31.1
	FDD

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	-23.1
	20.3
	

	
	n12
	N/A
	5
	N/A
	743.5
	-32.5
	22.1
	FDD

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	-12.8
	30.6
	FDD

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	-19.3
	24.1
	

	
	n14
	N/A
	5
	N/A
	765.5
	-39.0
	15.8
	FDD

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	-17.1
	26.3
	FDD

	
	
	838.9
	10
	10 (RBSTART=28)
	883.9
	-20.1
	23.3
	

	
	n14
	N/A
	5
	N/A
	765.5
	-28.8
	25.8
	FDD

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	-12.8
	30.6
	FDD

	
	
	838.9
	10
	10 (RBSTART=42)
	883.9
	-19.3
	24.1
	

	
	n29
	N/A
	5
	N/A
	725.5
	-41.3
	13.7
	FDD

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	-12.5
	30.9
	FDD

	
	
	838.9
	10
	10 (RBSTART=37)
	883.9
	-20.9
	22.5
	

	
	n29
	N/A
	5
	N/A
	725.5
	-37.4
	17.4
	FDD



Observation:
· For any UL CA_n5B RB allocation, the Band n5 PCC/SCC MSD does not exceed within +-0.5 dB of the agreed upon BCS0 MSD level of 30.8 dB and 26.1 dB for PCC/SCC, respectively (Table 7.3A.2.1-1). The worst PCC MSD is observed for CA_n5-n12 10(RBSTART=0) + 10(RBSTART=36).
· The CA_n5B uplink configuration of 10 MHz+10 MHz 10 (RBSTART=0) + 10 (RBSTART=42) always results in lower MSD for Bands n12/n14/n29 SCCs, as compared to  configurations which center respectively onIMD11, IMD9, and IMD13 for each of these Scells (see the measured IMD landscape of Figure 1).
[image: ]
[bookmark: _Ref149843990]Figure 1: Measured UL CA_n5B 10 MHz+10 MHz 10 (RBSTART=0) + 10 (RBSTART=42) IMD landscape.
Considering the significantly higher MSD for test conditions that lead to a direct IMD hit collision with each affected DL SCC, we believe RAN4 should adopt the MSD test points that maximize the MSD. Only one test point is needed per CA band combination. Assuming other companies share the same perspective, it is recommended that guidelines on such cross-band MSD test points for FDD bands with intra-band contiguous UL-CA should be captured in TR 38.876. This approach will ensure consistency with cases and similar studies that may be required in the future.
Proposal 1: Consider adopting the following guidelines in TR 38.846:
For MSD test points for cross-band MSD due to FDD band dual uplink intra-band contiguous CA interference, we recommend the following:
1) FDD band intra-band contiguous uplink CA configuration:
· PCC/SCC: the UL CBW, SCS, and UL RB allocation "Lcrb" should be configured to the specified PCC/SCC CBW/SCS/Lcrb of the band's MSD test point. In case the FDD band UL-CA MSD test point is not specified:
i. The PCC/SCC UL CBW shall be set equal, 
If configuring equal CBW is not possible, then set the PCC CBW 5 MHz lower [1],
ii. The aggregated UL RB allocation (aka "RBtot") is set equal to the Lcrb specified for the single carrier REFSENS test point that corresponds with the UL-CA aggregated BW.
Example, for UL-CA 10 MHz+10 MHz, adopt the Lcrb specified for 20 MHz CBW REFSENS [1],
iii. The PCC/SCC UL RB allocation "Lcrb" should be configured to ensure equal PSD across the PCC and the SCC,
· The PCC/SCC UL RBstart shall be configured to create a direct hit collision of the affected DL SCC with the lowest 2UL IMD product. If conditions to create a direct hit collision cannot be met, then configure the PCC/SCC RBstart that results in a partial collision of the lowest 2UL IMD product,
· The highest IMD order to be considered is [13],
· Configure the UL carrier frequency closest to the affected DL SCC carrier frequency.
· Whenever possible, the UL band configuration should be configured to avoid self-desense. 
In case self-desense cannot be avoided:
i. the MSD test point shall not lead to a higher desense than the band's MSD test point (when specified),
ii. To prevent radio link failure during conformance test, RAN5 should be informed that self-desense may occur on the UL FDD band.
2) Affected DL band SCC configuration:
· DL SCC carrier frequency: configured closest to the FDD UL-CA carrier,
· DL SCC CBW: configured to its lowest supported CBW.

Proposal 2: For CA_n5-n12, CA_n5-n14 and CA_n5-n29, adopt the MSD test points shown in Table 1 and previously agreed upon footnotes to inform RAN5 of Band n5 self-desense.
[bookmark: _Ref143750102]Table 1 CA_n5-n12, CA_n5-n14, CA_n5-n29 MSD test points
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	N/A
	
	N/AY

	
	n12
	N/A
	5
	N/A
	743.5
	22.1
	FDD
	IMD11

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=28)
	883.9
	N/A
	
	N/AY

	
	n14
	N/A
	5
	N/A
	765.5
	25.8
	FDD
	IMD9

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=37)
	883.9
	N/A
	
	N/AY

	
	n29
	N/A
	5
	N/A
	725.5
	17.4
	FDD
	IMD13

	NOTE X: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified
NOTE Y: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified


3 Conclusion
In this contribution, we have presented measurements and MSD evaluations for CA_n5-n12, CA_n5-n14, CA_n5-n29 due to intra-band contiguous UL-CA BCS0 20 MHz aggregated CBW. We also propose a new set of guidelines for these specifying MSD test points of cross-band MSD for FDD bands with intra-band contiguous UL-CA.
Proposal 1: Consider adopting the following guidelines in TR 38.846:
For MSD test points for cross-band MSD due to FDD band dual uplink intra-band contiguous CA interference, we propose the following:
3) FDD band intra-band contiguous uplink CA configuration:
· PCC/SCC: the UL CBW, SCS, and UL RB allocation "Lcrb" should be configured to the specified PCC/SCC CBW/SCS/Lcrb of the band's MSD test point. In case the FDD band UL-CA MSD test point is not specified:
i. The PCC/SCC UL CBW shall be set equal, 
If configuring equal CBW is not possible, then set the PCC CBW 5 MHz lower [1],
ii. The aggregated UL RB allocation (aka "RBtot") is set equal to the Lcrb specified for the single carrier REFSENS test point that corresponds with the UL-CA aggregated BW.
Example, for UL-CA 10 MHz+10 MHz, adopt the Lcrb specified for 20 MHz CBW REFSENS [1],
iii. The PCC/SCC UL RB allocation "Lcrb" should be configured to ensure equal PSD across the PCC and the SCC,
· The PCC/SCC UL RBstart shall be configured to create a direct hit collision of the affected DL SCC with the lowest 2UL IMD product. If conditions to create a direct hit collision cannot be met, then configure the PCC/SCC RBstart that results in a partial collision of the lowest 2UL IMD product,
· The highest IMD order to be considered is [13],
· Configure the UL carrier frequency closest to the affected DL SCC carrier frequency.
· Whenever possible, the UL band configuration should be configured to avoid self-desense. 
In case self-desense cannot be avoided:
i. the MSD test point shall not lead to a higher desense than the band's MSD test point (when specified),
ii. To prevent radio link failure during conformance test, RAN5 should be informed that self-desense may occur on the UL FDD band.
4) Affected DL band SCC configuration:
· DL SCC carrier frequency: configured closest to the FDD UL-CA carrier,
· DL SCC CBW: configured to its lowest supported CBW.

Proposal 2: For CA_n5-n12, CA_n5-n14 and CA_n5-n29, adopt the MSD test points shown in Table 1 and previously agreed upon footnotes to inform RAN5 of Band n5 self-desense.
Table 1 CA_n5-n12, CA_n5-n14, CA_n5-n29 MSD test points
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n12
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=36)
	883.9
	N/A
	
	N/AY

	
	n12
	N/A
	5
	N/A
	743.5
	22.1
	FDD
	IMD11

	CA_n5-n14
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=28)
	883.9
	N/A
	
	N/AY

	
	n14
	N/A
	5
	N/A
	765.5
	25.8
	FDD
	IMD9

	CA_n5-n29
	n5
	829
	10
	10 (RBSTART=0)
	874
	N/A
	FDD
	N/AX

	
	
	838.9
	10
	10 (RBSTART=37)
	883.9
	N/A
	
	N/AY

	
	n29
	N/A
	5
	N/A
	725.5
	17.4
	FDD
	IMD13

	NOTE X: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified
NOTE Y: This component carrier is affected by IMD due to CA_n5B for which the MSD is not specified
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