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Introduction
[bookmark: _GoBack]This document presents our views to address possible improvements to MSD tables due to harmonic interference and cross-band isolation captured in WF [1]. Considering that, on one hand, table size complexity is becoming an editorial and Technical Specifications (TS) complexity burden; and on the other hand, the number of MSD test points solely related to NR-CA Harmonic Interference and Cross-band isolation exceeds the 700 mark, we bring proposals to adopt whenever possible, a single MSD test point per pair of Aggressor/Victim bands. This creates an opportunity for a nearly factor x8 reduction in the total number of MSD test points, hereby not only solving the TS complexity issues, but also helping to considerably reduce the UE conformance test time. We note also that with the introduction of new 35MHz and 45MHz channel bandwidth (CBW) [2], the issue of table size and number of MSD test points will not abate. We therefore believe that these possible improvements, or any variation of these proposals, are key to address not only the BCS4 concept but also the overall TS and associated conformance test complexity.
Discussion
MSD Test Point Complexity and Challenges in TS 38.101-1
Number of MSD test points
An attempt at comparing the number of agreed MSD test points vs. the number of actual aggressor/victim pairs of frequency bands is presented in Table 1. Only the number of MSD due to harmonic interference and cross-band isolation has been evaluated. There are nearly 800 agreed MSD test points for approximately 100 unique pairs of aggressor/victim combinations. Considering that the goal MSD is to verify the RF Front-End (RF-UE) performance (Transmitter (Tx) noise emission levels falling in Rx band ,RF-FE Tx-Rx isolation, etc.), we observe that, in many cases, re-testing the MSD for all of the victim receiver (Rx) CBW is often redundant, especially when the only variable is the Rx CBW change for a given aggressor Tx noise power spectral density (PSD). Potentially, RAN4 could reduce by nearly a factor x5 to x8 the number of MSD test points. This could be accomplished for the example cases of direct hit and complete aggressor harmonic overlap/integration by the victim’s Rx CBW.
[bookmark: _Ref79059298]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 may be achieved.
Inconsistent in UL RB configurations
About UL RB configuration for MSD due to harmonics, we note that the choice of UL RB configuration is not consistent from band to band. Some bands see their UL RB configuration increase and then reach a constant value when the victim Rx CBW is increased, others have seen their UL RB configuration increasing vs. victim’s Rx CBW, and others have constant UL RB configuration for all victim’s Rx CBW. This introduces inconsistencies. Ideally, all RB allocations should be revisited to ensure that once the UL harmonic is fully integrated by the smallest victim’s Rx CBW, there is no need to further change the UL aggressor RB allocation. For example, Figure 1 shows the measured second harmonic (H2) PSD of a DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB. The H2 PSD can be entirely integrated by a 10MHz NR victim’s Rx CBW, so once this condition is met, there is no need to change the UL aggressor allocation vs Rx CBW.
[image: ]
[bookmark: _Ref79061160]Figure 1: Example of second harmonic (H2) PSD for DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB.
Revisiting all RB allocation may trigger a high workload and will not in any way address reducing the number of MSD test points. Instead, we propose to adopt a single MSD test point per aggressor/victim pair whenever possible. This proposal is similar to what was adopted for MSD tables due to dual UL intermodulation interference, i.e., we propose to capture only the test point that leads to the highest MSD. Details, advantages, and challenges of such approach are discussed in the rest of this document.
For the case of MSD due to cross-band isolation, MSD are often under estimated due to the inheritance of legacy LTE test points for which UL RB allocations are too small, and the UL aggressor CBW is smaller than the maximum specified for the aggressor band.
Observation 2: UL RB allocations are often inconsistent from bands to bands and do not necessarily allow verification of the UE MSD worst-case performance.
Complicated Footnotes:
The choice of UL aggressor or DL Victim RF parameters needed to verify each type of MSD is captured in footnotes which are not only often difficult to read/understand, but are also captured in a different manner from table to table. This adds further complexity to the TS.
Observation 3: RF parameters such as UL test carrier frequencies and / or CBW are captured in footnotes in a manner which is difficult to read and inconsistent between each MSD table.
MSD Test Points due to Harmonic Interference
To address the above challenges, we present in Table 2 the proposal made at RAN4 meeting #99e [3] as an extension of the proposals published in [4]. We provide in Table 2 a single test point to illustrate the concept for approval purposes using band n5 as aggressor band and band n77 as victim’s band of the fourth n5 Tx harmonic (H4).
[bookmark: _Ref79062853]Table 2: Proposed concept and format change to Table 7.3A.4-1 and elimination of Table 7.3A.4-2 to capture REFSENS exceptions due to UL harmonic for the example case of NR CA_n5-n77
	UL band
	DL band
	UL Fc
	UL BW
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Harmonic
 order

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

	n5
	n774, 5
	[846.5]
	[5]
	[12 (RBstart=6)]
	[3386]
	10
	10.5
	4



This proposal brings several advantages:
· Removes the need for footnotes to capture the test conditions for parameters like the UL / DL carrier frequency/CBW;
· Adding RBstart may add valuable information for RAN5;
· Eliminates the need for the separate UL RB configuration Table 7.3A.4-2;
· By specifying only the highest MSD, this way of working becomes consistent with the way MSD is specified for the case of dual UL intermodulation interference;
· Greatly reduces the number of MSD test points which,in turn, will significantly reduce conformance test load/time;
· Eliminates the issue of table size expansion for bands in which new CBW are introduced – example case of the new 35MHz and 45MHz CBW introduction;
· Adding the harmonic order in last column may provide valuable information that is currently not explicitly captured; and
· The concept is applicable to both MSD dueTx harmonic and MSD due to Rx harmonic mixing.
This comes with a few disadvantages:
· By merging Table 7.3A.4-1 and Table 7.3A.4-2 into a single table, the list of footnotes is likely to expand. Some clean-up work is needed to minimize the footnote list.
· Additional workload is needed to revisit Lcrb and define UL/DL carrier frequencies.
· In case it is considered that the deleted MSD information is still of interest for information purposes, one may need to consider providing equation-based representation for the case of direct hit and complete harmonic PSD integration by the victim’s receiver. For near-miss cases, it may be necessary to specify the Rx CBW conditions at which MSD applies / no longer applies.
Proposal 1: To greatly simplify and eliminate the following MSD tables:
· Table 7.3A.4-1 and to eliminate Table 7.3A.4-2 (NR-CA Tx harmonic MSD tables);
· Table 7.3A.4-4, Table 7.3A.4-4a and to eliminate Table 7.3A.4-5 (NR-CA PC3, PC2 Rx Harmonic MSD tables); and
· Table 7.3C.2-2 and to eliminate Table 7.3C.2-3 (SUL Tx harmonic MSD tables).
Adopt the concept of Table 2 where:
· Only one MSD test point is specified 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.
Table 2: Proposed concept and format changes to Table 7.3A.4-1 and elimination of Table 7.3A.4-2 to capture REFSENS exceptions due to UL harmonic for the example case of NR CA_n5-n77
	UL band
	DL band
	UL Fc
	UL BW
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Harmonic
 order

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

	n5
	n774, 5
	[846.5]
	[5]
	[12 (RBstart=6)]
	[3386]
	10
	10.5
	4




MSD Test Points due to Cross-band Isolation
We make Proposal 2 driven by the same motivations as  the case of MSD due to harmonic. Only one MSD test point is needed per pair of aggressor/victim’s band: that which leads to the worst/highest victim’s band MSD. Based on our previous proposals [6,7], and, to maximize the MSD, we propose to adopt the maximum UL CBW and 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 may bring, we do not see the need to remove the MSD tables due to C-IM interference and we support Proposal 2 of [5].
[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. 
In addition to all of the previously listed advantages for MSD due harmonic, the MSD test points due to cross-band isolation also inherit from a great simplification in selecting the UL RB allocation. 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 [6] in CA_n1-n3 due to n1 Tx noise are used illustrate the key differences in MSD between the current MSD test points of Figure 3-left (UL aggressor =20MHz Lcrb=25) and the proposed new test point shown in Figure 3-right where 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).	Comment by Constance Griffiths: benefit instead of inherit?
[image: ]
[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
The main drawback of this approach is that MSD values need to be revisited for the selected unique MSD test point. 
[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 discuss the changes proposed to improve the selection of MSD test points due to Tx harmonic and cross-band isolation. A huge reduction in the number of MSD test points may be achieved, while ensuring that the worst-case MSD is always verified. The proposals made will also benefit the RAN5 community as not only are the number of test cases reduced, but we also believe that specifying clearly each of the UL and DL RF parameters (Carrier frequencies, CBW etc..) will be beneficial.

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 may be achieved.
Observation 2: UL RB allocations are often inconsistent from bands to bands and do not necessarily allow verification of the UE worst case MSD performance.
Observation 3: RF parameters such as UL test carrier frequencies and / or CBW are captured in footnotes in a manner which is difficult to read and inconsistent between each MSD table.
Proposal 1: To greatly simplify and eliminate the following MSD tables:
· Table 7.3A.4-1 and to eliminate Table 7.3A.4-2 (NR-CA Tx harmonic MSD tables);
· Table 7.3A.4-4, Table 7.3A.4-4a and to eliminate Table 7.3A.4-5 (NR-CA PC3, PC2 Rx Harmonic MSD tables); and
· Table 7.3C.2-2 and to eliminate Table 7.3C.2-3 (SUL Tx harmonic MSD tables).
Adopt the concept of Table 2 where:
· Only one MSD test point is specified 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.
Table 2: Proposed concept and format change to Table 7.3A.4-1 and elimination of Table 7.3A.4-2 to capture REFSENS exceptions due to UL harmonic for the example case of NR CA_n5-n77
	UL band
	DL band
	UL Fc
	UL BW
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Harmonic
 order

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

	n5
	n774, 5
	[846.5]
	[5]
	[12 (RBstart=6)]
	[3386]
	10
	10.5
	4



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]



For MSD due to C-IM interference, we support P2 of [5].
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