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1. Introduction

Some proposals and solutions to improve the MSD for PC2 EN-DC had been discussed in several RAN4 meetings [3][5][6]. One of the proposed solutions was to introduce an additional capability [1][2][4], but still more discuss is needed due to different views from different companies.
During last RAN4 meeting, it was proposed to encouraging proponents to share data in the field to facilitate the MSD improvement discussion [7].

“Proposal 1:         It is encouraging proponents to share the statistical measurement data of UEs on the market to understand better on the value of this discussion before moving forward.”
In this contribution, first we provide some test data with the commercial devices in the field, and then we further share our view on this topic for further discussion. 
2. Discussion
Due to the large MSD values introduced for the PC2 EN-DC, some aspects targeting on further MSD improvement had been intensively discussed during several RAN4 meeting, including revisit the assumption of the component when deriving the MSD, and whether to introduce additional UE capability.
First, there were some debates on the assumption to derive MSD, for example, whether 30dB improvement on the 60dB PCB isolation assumption is achievable. And it was proposed to encourage proponents to share the measurement data of UEs in the market. Though we don’t have the measurement data of the PCB isolation, we are willing to share some test result of the commercial UEs in the market from our side.
Table 1 shows the settings of the experiment for the 2nd harmonic of DC_3A_n78A for different commercial UEs in the field. The bandwidths of LTE and NR carrier are 10MHz and 100MHz, respectively. Different NR frequencies are used to setup the harmonic overlapped scenario in the experimental group, and no harmonic overlapped in the control group. The experiments were performed at the cell edge with fully loaded LTE uplink and NR downlink carrier transmitted simultaneously, so the maximum achievable uplink Tx power on the LTE carrier can be observed. Only one UE connected to the base station at a time during the experiment.
Table 1: Experiment setting
	Test combination
	DC_3A_n78A

	Aggressor LTE UL bandwidth
	10MHz

	Victim NR DL bandwidth
	100MHz

	Test scenario
	DL throughput degradation with and without 2nd order harmonic overlapped 


Table 2: Field result of 2nd harmonic impacts
	
	NR DL RSRP
	LTE DL RSRP
	UE UL Tx Power 
	Experimental group (with harmonic overlapped)
NR DL Thrp.1
	Control group
(without harmonic overlapped)
NR DL Thrp.1
	Thrp. Degradation
(%)

	UE A
	-107dB
	-98dB
	20dBm
	0.992
	0.986
	~0%

	UE B
	-107dB
	-94dB
	20dBm
	0.642
	0.683
	~6%

	UE C
	-108dB
	-100dB
	20dBm
	0.683
	1
	31.7%

	UE D
	-115dB
	-96dB
	20dBm
	0.546
	0.733
	25.5%

	Note 1: Downlink throughput is normalized to the highest throughput in the control group.


From table 2, it can be observed that it is possible to achieve almost zero DL degradation in this 2nd harmonic scenario for some of the commercial UEs.
Observation 1: Regarding the DL degradation caused by the harmonic interference, it can be observed that the performance of some of the commercial UEs is already much better than the requirement in the current specifications.
Second, regarding the whether there is a need on improving the minimum requirement, for example, the MSD in the current specifications. In our view, the MSD will be one of the factors when deciding the network planning, including the planning on the spectrum acquisition, and the decision on enable PC2 on a certain combination. Some companies mentioned that the impact of harmonic or IMD can be avoided by planning the carrier frequencies carefully. However, in reality, there are a lot of other factors to be considered when acquiring the spectrum. The impact of harmonic or IMD cannot always be avoided in practice, thus the impact still exists.
As mentioned in [4], since 3GPP is a well-known standardization party, the MSD values in the 3GPP specifications are representative for all kind of companies all over the world. However, in our view current MSD values (especially for the 2nd order harmonic and the 2nd order IMD that result in larger than 20dB desense) are not sufficient to ensure the network performance. As a consequence, operators might need to further check the performance of the commercial device if their spectrum holding encounters the harmonic/IMD issues. Furthermore, supplemental specifications might be created to meet the operator’s need, which is not good for the whole ecosystem.
Observation 2: If the MSD values are not sufficient for the operators, additional effort might be needed to further check the performance of the commercial device. Furthermore, supplemental specifications might be created, which results in deterioration of the whole ecosystem advantages.
Third, based on the experience in the past, it is quite difficult to improve the MSD with a remarkable step if we only have one set of requirement. To address the UE vendor’s concern and to satisfy operator’s expectation, we think RAN4 should consider introducing additional optional capability for additional sets of requirements with more aggressive assumption. It will be up to UE vendors whether to support and optimize the performance to meet the additional sets of requirements. And as mentioned in the first section, it is shown that in reality, some commercial UEs can already do far better than the minimum requirement in the spec, thus it is quite unfortunately that the network cannot know the great effort done by the UE vendors. Also it will be beneficial for the network scheduling to distinguish the UE with improved MSD.

Observation 3:  The introduction of the additional set for the improved requirements with an optional capability is also beneficial for the network scheduling, and also the current UEs will not be affected. 
Based on the observations above, we propose to continue the discussion of introducing an optional capability for additional sets of improved MSD requirements. Considering the workload, we propose the target requirements to be at least the MSD for 2nd and 3rd harmonic, and MSD for IMD2 and IMD3 for EN-DC and NR CA, starting from PC2, and further extension to PC3 is also preferred later on.
Proposal 1: RAN4 to consider introducing an optional capability for additional sets of improved requirements, starting from the following target requirements.
- MSD of 2nd and 3rd harmonic, and MSD of IMD2 and IMD3 for EN-DC and NR CA
- Target on PC2 first then PC3
We understand that this topic had been discussed repeatedly with little progress since some companies prefer to do but others prefer not to. And it is expected that similar discussion will happen in this meeting. To further facilitate the discussion, we hope to collect more views including the following aspects. Whether the operators think current MSD values is sufficient for them to have confidence on the real network performance. And whether there is any issue or negative impact on the introduction of the optional capability for improved MSD? As existing requirement is still available for all of the UEs, none of the UE will be excluded due to this capability.
Proposal 2: if proposal 1 is not agreeable in this meeting, we would like to collect more feedbacks from companies including the following aspects:

· Whether the operators think current MSD with values larger than 20dB (or x dB) is sufficient.
· Whether there is any issue or impact due to the introduction of the optional capability.
3. Conclusion
Based on the discussion in section 2, three observations are listed below.

Observation 1: Regarding the DL degradation caused by the harmonic interference, it can be observed that the performance of some of the commercial UEs is already much better than the requirement in the current specifications.
Observation 2: If the MSD values are not sufficient for the operators, additional effort might be needed to further check the performance of the commercial device. Furthermore, supplemental specifications might be created, which results in deterioration of the whole ecosystem advantages.
Observation 3:  The introduction of the additional set for the improved requirements with an optional capability is also beneficial for the network scheduling, and also the current UEs will not be affected. 

And two proposals are listed below.
Proposal 1: RAN4 to consider introducing an optional capability for additional sets of improved requirements, starting from the following target requirements.

- MSD of 2nd and 3rd harmonic, and MSD of IMD2 and IMD3 for EN-DC and NR CA

- Target on PC2 first then PC3
Proposal 2: if proposal 1 is not agreeable in this meeting, we would like to collect more feedbacks from companies including the following aspects:

· Whether the operators think current MSD with values larger than 20dB (or x dB) is sufficient.

· Whether there is any issue or impact due to the introduction of the optional capability.
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