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Introduction
At RAN4#100, options to reduce RAN4 workload on studying maximum sensitivity degradation (MSD) due to harmonic interference and MSD due to cross-band isolation were agreed upon to handle new BCS4/BCS5 requests [1]. This document re-iterates our previous views that significant reduction in specification complexity and RAN4 workload can be achieved for both MSD types without penalizing the conformance test coverage. Hence without compromising the verification of the UE minimum requirements and its impact on MSD performance, our proposal could reduce the number of MSD test points by factor x8.
Discussion
MSD Test Points Complexity and Reduction Opportunities
Table 1 below is reproduced from [2]. It shows that there a little more than 800 agreed MSD Test points related to harmonic interference and cross-band isolation in Release 17.2.0. This number is not expected to abate anytime soon since RAN4 reviews hundreds of new text proposals (TP) at every meeting. Our concern is that the BCS4/BCS5 concept may further increase the RAN4 workload since additional MSD analyses may be required.
Considering these 800 MSD test points cover only 100 unique aggressor/victim pairs, adopting a single test point per aggressor/victim pair could create opportunities to reduce the specification complexity by a factor x8. RAN4 workload of future combinations would also greatly benefit from such agreements. It would considerably simplify the quick completion of TPs for BCS4/BCS5 combinations.
[bookmark: _Ref85818567]Table 1: Opportunity for reducing the number of MSD test points due to harmonic interference and cross band isolation (analysis based on 38.101-1 Rel-17.2.0)
	Table Number
	Table Title
	Number of Specified MSDs Test Points
	Test Point Candidates to Reduction
	Number of unique Agg/Victim pairs
	Possible MSD Test Points Reduction Factor

	7.3A.4-1
	Reference sensitivity exceptions due to UL harmonic for NR CA FR1
	365
	319
	35
	x 9

	7.3A.4-4
	Reference sensitivity exceptions due to harmonic mixing for PC3 CA in NR FR1
	73
	 
	14
	x 5

	7.3A.4-4a
	Reference sensitivity exceptions due to harmonic mixing for PC2 CA in NR FR1
	8
	 
	2
	x 4

	7.3A.6-1
	Reference sensitivity exceptions (MSD) due to cross band isolation for NR CA FR1 for PC3 CA
	187
	 
	24
	x 7

	7.3A.6-1a
	Reference sensitivity exceptions (MSD) due to cross band isolation for NR CA FR1 for PC2 CA 
	64
	 
	7
	x 9

	7.3C.2-2
	Reference sensitivity for SUL operation (exceptions due to harmonic issue)
	119
	95
	11
	x 8

	7.3C.2-4
	Reference sensitivity exceptions due to cross band isolation
	30
	 
	3
	x 10

	Total/Overall Possible Reduction Factor (approx.)
	846
	776
	96
	x 8



Observation 1: There are more than 800 MSD test points specified to cover solely the case of MSD due to Tx harmonic and cross-band isolation. Considering these 800 points are specified to approximately 100 unique pairs of aggressor/victims, there is a huge opportunity to reduce the TS size, complexity and consequently conformance test time. An overall factor x8 reduction could be achieved.

Reduction of MSD Test Points Due to Harmonic Interference
For a given aggressor harmonic interference, RAN4 currently specifies as many MSD values as there are victim’s receiver channel bandwidth. Considering that the goal of MSD due to interference is to verify the impact of the transmitter harmonic PSD onto the receiver sensitivity performance, we consider that if the Tx harmonic is perfectly centered in the smallest channel bandwidth (CBW) of the victim’s receiver, then, increasing the victim’s CBW does produce any value since the transmitter non-linearity remains constant. This statement is only true if for all NR-CA or EN-DC combination, the aggressor uplink (UL) RB allocation and carrier frequency is specified to ensure the Tx harmonic is entirely integrated by the victim’s smallest CBW. We realize this is not always the case in the latest Release, but we consider that ensuring this condition is met does not represent a huge workload as it could greatly reduce the number of test points.
To illustrate this point, we provide in Figure 1-left the concept of a transmitter harmonic PSD integrated by the victim’s smallest CBW (and the concept of increasing Rx CBW overlaid in blue dashed lines) and, in Figure 1-right, the monotonic decay resulting from the fact MSD follows the increase in Rx CBW using the example case of n78 MSD in CA_n3-n78.
[image: ]
[bookmark: _Ref79061160]Figure 1: Example of second harmonic (H2) PSD for DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB.
Figure 1-right shows that equation-based representation can provide an accurate estimation of the MSD decay. This concept is similar to the agreed equation-based representation for the REFSENS specifications of FR1 TDD bands in Release 17.3.0. 
Observation 1: It is sufficient to capture a single MSD test point due to harmonic interference: this corresponds to the victim’s smallest Rx CBW when the aggressor Tx harmonic is entirely integrated by the victim’s Rx. The removed MSD test points can be accurately captured using equation-based representation.
Based on observation 1, we propose to adopt option 1 of WF [1].
Proposal 1: 
· Adopt only one MSD test point per aggressor/victim pair of bands and per hit condition (complete harmonic overlap/near miss overlap). This MSD test point is that which leads to the worst-case/highest victim’s MSD level. This corresponds to the lowest victim’s CBW.
· Specify the UL/DL test carrier frequencies and test channel bandwidth.
· Specify the aggressor UL RB Allocation (Lcrb + RBstart) which must guarantee that the UL harmonic PSD is entirely integrated by the victim’s Rx CBW.
· Specify the harmonic order.
· Specify equation-based representation to ensure the removed MSD test points can be calculated.
Reduction of MSD Test Points Due to Cross-Band Isolation
The status for MSD due to cross-band isolation is similar to that of MSD due to harmonic interference: only one MSD test point is needed per pair of aggressor/victim’s band. This is the test point which leads to the worst/highest victim’s band MSD. Based on our previous proposals [3,4] and to maximize the MSD, we propose to adopt the maximum UL CBW and to adopt full UL RB allocation for the aggressor and the minimum Rx CBW for the victim as shown in Figure 2. Considering the huge reduction in MSD test points this proposal may offer, we do not see the need to remove the MSD tables due to C-IM interference.
[image: ]
[bookmark: _Ref79067861]Figure 2: Worst case MSD test point concept for Cross-band isolation MSD: Maximum UL CBW and full UL RB allocation for the aggressor band, minimum Rx CBW for the victim. Example sketch of CA_n1-n3. 
By adopting fully allocated UL waveforms, RAN4 no longer needs to custom analyze the IMD landscape that was previously needed due to small RB allocations. In addition, the worst-case MSDs are systematically captured. The example case of n3 MSD measurements [3] in CA_n1-n3 due to n1 Tx noise illustrate the key differences in MSD between the current MSD test points shown in Figure 3-left (UL aggressor =20MHz Lcrb=25) and the proposed single test point concept shown in Figure 3-right. In Figure 3-right only 1 test point is specified: that which corresponds to the worst-case n3 MSD of 22.5dB (5MHz Rx CBW / n1 aggressor UL CBW is 50MHz). In Figure 3 each color bar represents the measured MSD for each of the n3 Rx CBW (5,10…30MHz).
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[bookmark: _Ref79068556]Figure 3: Left: the current n3 MSD test point due to cross-band isolation. Right: single n3 Cross-band isolation MSD test point
We therefore propose to adopt option 1 of clause 3 from [1].
[bookmark: _Ref79066447]Proposal 2: To greatly simplify and eliminate the following MSD tables:
· Table 7.3A.6-1 (PC3 table), Table 7.3A.6-1a (PC2 table) and to eliminate Table 7.3A.6.2 (NR-CA Cross-band isolation MSD tables); and
· Table 7.3C.2-4 and to eliminate Table 7.3C.2-5 (SUL Cross-band MSD tables).
Adopt the concept of Table 3 where:
· Only one MSD test point is specified per aggressor/victim pair of bands. This MSD test point is that which leads to the worst-case/highest victim’s MSD level. This corresponds to the lowest victim’s CBW.
· Specify the UL/DL test carrier frequencies and test channel bandwidth.
· Specify the aggressor UL RB Allocation as fully allocated.
Table 3: Proposed concept and format changes to Table 7.3A.6-1 and elimination of Table 7.3A.6.2 to capture REFSENS exceptions due to cross-band isolation for the example case of NR CA_n1-n3.
	UL band
	DL band
	UL Fc
	UL BW
	UL RB Allocation
	DL Fc
	DL BW
	MSD

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

	n1
	n3
	[1945]
	[50]
	[270 (RBstart=0)]
	[1877.5]
	5
	[22.5]




Conclusions
In this contribution, we propose ways to reduce the RAN4 workload and specification’s complexity by adopting a single MSD test point per aggressor/victim’s pair for the case of MSD due interference and MSD due to cross-band isolation. 

Proposal 1: 
· [bookmark: _GoBack]Adopt only one MSD test point per aggressor/victim pair of bands and per hit condition (complete harmonic overlap/near miss overlap). This MSD test point is that which leads to the worst-case/highest victim’s MSD level. This corresponds to the lowest victim’s CBW;
· Specify the UL/DL test carrier frequencies and test channel bandwidth.
· Specify the aggressor UL RB Allocation (Lcrb + RBstart) which must guarantee that the UL harmonic PSD is entirely integrated by the victyim’s Rx CBW.
· Specify the harmonic order.
· Specify equation-based representation to ensure the removed MSD test points can be calculated.
Proposal 2: To greatly simplify and eliminate the following MSD tables:
· Table 7.3A.6-1 (PC3 table), Table 7.3A.6-1a (PC2 table) and to eliminate Table 7.3A.6.2 (NR-CA Cross-band isolation MSD tables); and
· Table 7.3C.2-4 and to eliminate Table 7.3C.2-5 (SUL Cross-band MSD tables).
Adopt the concept of Table 3 where:
· Only one MSD test point is specified per aggressor/victim pair of bands. This MSD test point is that which leads to the worst-case/highest victim’s MSD level. This corresponds to the lowest victim’s CBW.
· Specify the UL/DL test carrier frequencies and test channel bandwidth.
· Specify the aggressor UL RB Allocation as fully allocated.
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