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1. Introduction
This contribution completes our previous DC_3A_n41C MSD analysis [1] and brings measurements to evaluate the Low Noise Amplifier contribution to the band 3 MSD due to triple beat intermodulation interference.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
[bookmark: _Toc112664222]2.1	Triple-Beat Coupling Paths
For this measurement campaign, we evaluate the separate antenna architecture for DC_3A_n41C as shown in Figure 1. This contribution focuses on the low noise amplifiers (LNAs) contribution to triple beat intermodulation distortion (IMD) products. The forward PA and reverse PA contribution are reproduced from our previous measurements in [1]. Triple-beat IMDs may result from the coupling of the n41C dual component carriers (CCs) and the band 3 single uplink carrier into the B3 primary and diversity LNAs through several RF coupling paths. In Figure 1, we consider the following paths, labelled 1 to 13 as listed below for each IMD contributor.
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[bookmark: _Ref115305288]Figure 1: Triple Beat Coupling Paths.
· n41 PA: 
· path [1] from B3 PA output to n41 PA input via limited PCB isolation;
· path [2] from B3 PA output to n41 PA output via limited PCB isolation; and
· path [3] from B3 PA output to n41 PA output via antenna-to-antenna isolation and B41 BPF rejection.
· B3 PA:
· path [4] from n41 PA output to B3 PA input via limited PCB isolation;
· path [5] from n41 PA output to B3 PA output via limited PCB isolation; and
· path [6] from n41 PA output to B3 PA via antenna-to-antenna isolation and B3 duplexer rejection.

· B3 primary LNA: 
· path [6] from n41 PA output to B3 LNA input via antenna-to-antenna isolation and B3 duplexer Antenna/Rx port rejection;
· path [8] from B3 PA output to B3 LNA input via B3 duplexer Tx / Rx port isolation;
· path [10] from B3 PA output to B3 LNA input via limited PCB isolation; and
· path [12] from n41 PA output to B3 LNA input via limited PCB isolation.

· B3 diversity LNA: 
· path [7] from n41 PA output to B3 LNA input via antenna-to-antenna isolation, diplexer and B3 BPF rejection;
· path [9] from B3 PA output to B3 LNA input via antenna-to-antenna isolation and B3 BPF rejection;
· path [11] from B3 PA output to B3 LNA input via limited PCB isolation; and
· path [13] from n41 PA output to B3 LNA input via limited PCB isolation.

The evaluation of MSD due to the LNA contributions take into consideration paths 6 to 13.
2.2	RF Test Parameters and RF-Front-End Assumptions
The triple beat IMD level is measured using a band 3 LNA based on the following RF-FE assumptions:
· EN-DC power class 3 operation and equal power share 20dBm+20dBm,
	Parameter
	Value
	Unit

	n41 front-end insertion loss 
	4
	[dB]

	B3 front-end insertion loss 
	4
	[dB]

	Diplexer rejection of n41 Tx range (2496~2690)
	10
	[dB]

	Band 3 SAW Rx rejection at n41 range (2496~2690)
	32
	[dB]

	Band 3 SAW Rx rejection at B3 Tx range (1710~1785)
	45
	[dB]

	Antenna-to-antenna isolation
	10
	[dB]

	B3 duplexer TX-RX isolation (at Tx B3 and at Rx B3)
	50
	[dB]

	B3 duplexer ANT to RX rejection at B41 range (2496~2690MHz)
	42
	[dB]

	PCB isolation (LNA (in) <-> PA (out))
	60-80
	[dB]



· Test waveforms: 
· Local Oscillator (LO) leakage: -28dBc.
· IQ Image rejection: -28dB.
· UL n41C: DFT-s-OFDM, 60MHz + 60MHz channel bandwidth (CBW), SCS 30kHz and LCRB= 1 (RBstart=30) + 1(RBstart=127) for CC1 and CC2 respectively.
· UL B3: DFT-s-OFDM QPSK, 5MHz CBW, fully allocated waveform.
· UL carrier frequencies:
· UL n41C, Fc=2590MHz. B3 UL Fc=1782.5MHz. 
· Power levels referred to LNA input:
· B3 UL power level is swept from -21 to -36dBm;
· For each B3 input level injected to the LNA, the n41C UL power level is swept from -31 to -56dBm.
· Both UL carriers are generated with high-end RF arbitrary waveform generators whose output noise in the DL band 3 is rejected using bandpass filters.
The triple beat IMD product is expected at 1877.4MHz, i.e. 100kHz offset from the downlink B3 carrier. The IMD power level is measured using band power markers in a 4.5MHz measurement bandwidth. The spectrum analyser noise floor is -96dBm/4.5MHz.
2.3	LNA IMD Results & MSD Analysis
In Figure 2, the LNA triple beat IMD level is plotted vs CA_n41C power level, in orange, green, red and blue for -21,-26,-31 and -36dBm B3 input levels. The measurement accuracy is limited by the spectrum analyzer noise floor which is plotted in a dashed black line in  Figure 2. A linear interpolation from the high SNR region is used to estimate the IMD power levels that are not possible to measure due to the test equipment noise floor.
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[bookmark: _Ref115303200]Figure 2: Measured LNA triple beat IMD levels vs B3 and CA_n41C UL power levels.

The antenna referred triple beat IMD power levels for the primary and diversity antenna ports vs PCB isolation are shown in Figure 3. The B3 5MHz CBW MSD due to LNA contribution ranges from 11.7 to 7.6 dB assuming correlated MRC combining.
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[bookmark: _Ref115304217]Figure 3: Measured LNA triple beat IMD interference levels referred to the primary and diversity antenna port and corresponding Band 3 5MHz CBW MSD.
For comparison purposes, the PA forward measurement are reproduced from [1] in Figure 4, the MSD due to PA contribution ranges from 12dB to 2.4dB.
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[bookmark: _Ref115304353]Figure 4: MSD due to forward triple-beat intermodulation vs PCB isolation [1].
The dominating contributors to B3 MSD are:
· At 60dB PCB isolation: PA and LNA contributions are nearly equal,
· At PCB isolations greater than 60dB: The contribution from the LNAs dominate over the PA forward contribution.
The composite B3 5MHz CBW MSD ignoring the reverse PA IMD contribution is summarized in Figure 5 and is estimated at 15.2dB. In comparison, the MSD was evaluated 12.7dB in [2], i.e. a similar level of degradation. However, in [2] the MSD is strongly dominated by the LNA contribution. Our analysis shows that the dominating MSD contributor depends heavily on the assumptions made for the front-end architecture and filter performance. We would also like to emphasize that MSD analyses may become even more complicated in the case when a triple-beat combination is used in 3 band DL CA/DC combinations since triple-beat IMD products may also affect the 3rd band Scell. This means that RAN4 should not use the automatic basket approval process for NR-CA or EN-DC combinations that are eligible to triple-beat MSD. Triple beat MSD needs to be evaluated on a case-by-case basis.
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[bookmark: _Ref115306286]Figure 5: Composite B3 5MHz CBW MSD for DC_3A_n41C taking into account PA forward and LNA contributions.
Observation 1: For DC_3A_n41C, we observe that at 60dB PCB isolation, the B3 MSD is equally driven by the PA forward contribution and the LNA contribution. At PCB isolations greater than or equal to 70dB, the MSD becomes dominated by the LNA contribution. The contribution of reverse IMD is ignored for this PC3 analysis. However, it was shown in [1] that for PC2 operation, the PA reverse IMD contribution may dominate over the forward when PCB isolations are greater than 70dB.
Observation 2: In our analysis, the composite B3 5MHz CBW MSD for DC_3A-n41C is 15.2dB, a level similar to the 12.7 dB previously analysed in [2]. We observe that in [2] the MSD is dominated by the LNA. In our analysis, the PA and LNA contributions are similar at low PCB isolation. At higher PCB isolations, all contributions need to be accounted for: PA forward, PA reverse, and LNA.  We observe that the triple-beat MSD analysis strongly depends on the choice of RF-FE assumptions.
Based on observation 1 and 2, we propose that CA or DC combinations eligible to triple-beat MSD shall not be treated in automatic basket approval. Instead, the MSD analysis should be discussed on a case-by-case basis.
Proposal: NR-CA or EN-DC combinations eligible to triple beat MSD shall not be treated in the automatic basket approval process. Instead, the MSD analysis should be discussed on a case-by-case basis.
3. Conclusion
This contribution evaluates the B3 MSD for DC_3A_n41C using LNA measurements. The results are compared with previously reported PA measurements brings, for which we make the following observations.
Observation 1: For DC_3A_n41C, we observe that at 60dB PCB isolation, the B3 MSD is equally driven by the PA forward contribution and the LNA contribution. At PCB isolations greater than or equal to 70dB, the MSD becomes dominated by the LNA contribution. The contribution of reverse IMD is ignored for this PC3 analysis. However, it was shown in [1] that for PC2 operation, the PA reverse IMD contribution may dominate over the forward when PCB isolations are greater than 70dB.
Observation 2: In our analysis, the composite B3 5MHz CBW MSD for DC_3A-n41C is 15.2dB, a level similar to the 12.7 dB previously analysed in [2]. We observe that in [2] the MSD is dominated by the LNA. In our analysis, the PA and LNA contributions are similar at low PCB isolation. At higher PCB isolations, all contributions need to be accounted for: PA forward, PA reverse, and LNA.  We observe that the triple-beat MSD analysis strongly depends on the choice of RF-FE assumptions.
Based on observation 1 and 2, we propose that CA or DC combinations eligible to triple-beat MSD shall not be treated in automatic basket approval. Instead, the MSD analysis should be discussed on a case-by-case basis.
Proposal: NR-CA or EN-DC combinations eligible to triple beat MSD shall not be treated in the automatic basket approval process. Instead, the MSD analysis should be discussed on a case-by-case basis.
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