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1. Introduction
MSD specified in current spec has considered the impact from antenna coupling, e.g. Tx interference signals transmitted from main antenna absorbed by diversity antennas and caused the sensitivity degradation. This is to mimic the situation of UE in the field. 

[bookmark: _Hlk142503167]However, the RF requirements in current 38.101-1 are conducted requirements which will be tested in conduct mode. This means the interference caused by antenna coupling will be missing in the conformance tests and UE certifications as shown in below figure 1. The current UE test results cannot meet the goal of the requirements were defined for, and MSDs are under-estimated than it is in the real field.

This paper below will analyse how much MSD differences the antenna coupling will cause.
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[bookmark: _Hlk141946557]Figure 1 Antenna coupling interference is missing in conducted tests

2. [bookmark: _Hlk126176045]Discussion
The MSD of harmonics, IMD, harmonic mixing, and cross band isolation were compared under with or without the antenna coupling conditions. And different PCB isolations were used to consider different UE implementation capabilities. The antenna coupling impact is shown in below table 1. The OTA MSD is with antenna coupling interference, and conduct MSD is without antenna coupling interference.
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Table 1 Antenna coupling impact to MSD tests

	OTA MSD – Conduct MSD
(with antenna coupling MSD  -  w/o antenna coupling MSD)

	PCB isolation 
	65dB
	70dB
	80dB
	90dB

	Harmonics
(CA_n3-n78, with PC2@n3 Tx)
	0
	0.1
	1.1
	4.6

	Harmonic mixing
(CA_n28-n78, with PC2 in total)
	0.9
	2.7
	9.8
	18

	IMD
(CA_n3-n78, with PC2@n3 Tx)
	0.3
	1
	2.1
	1.5

	Cross band leakage
(CA_n41-n77, with PC2@n41)
	10
	10
	10
	10



From the results, it can be seen the antenna coupling has big impact to MSD especially when the PCB isolation is large. If we consider the PCB isolation in real UE is 80dB, then the current conducted MSD test will mean UE performance are over-estimated by 1dB for harmonics, 2.2dB for IMD2, 9.8dB for harmonic mixing, and 10dB for the cross-band leakage. 

Therefore, conducted test will lose the purpose of such tests since the test results doesn’t show what the requirement was designed for. To reflect the real MSD of UE in the conformance tests OTA based MSD test should be considered in the MSD tests. 

Observation 1:   MSD is defined with the antenna coupling interference between Tx and Rx, but this interference is missing in the conducted tests. 

Observation 2:   Without the antenna coupling interference in tests, there is risk that UE test with good MSD but face bad MSD in the field, e.g. harmonic mixing and cross band leakage as above table.

Observation 3:   If assume PCB isolation is 80dB in real UE implementation, then conducted MSD test will lead to MSD under-estimated by 1dB for harmonics, 2.2dB for IMD2, 9.8dB for harmonic mixing, and 10dB for the cross-band leakage in the example band combinations.

Proposal 1:   	OTA based MSD tests should be considered, if not now at least should start from Rel-19.
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