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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, lower MSD is one of the targets for FR1 enhancement WI, and the objectives from WID [1]. And in last meeting WF [2] is approved. This paper will discuss the issues found.

	[bookmark: _Hlk141949501]Sub-topic 1-1: Conditions to indicate the lower MSD capability
· WF: FFS in next meeting.
Issue 1-3-3: New MSD types can be added as new MSD requirements are developed in RAN4 for future proof
· Agreement in Adhoc
· New MSD types may be added later 
· Inform RAN2 the MSD types/order agreed to be reported based on existing spec 
· Harmonic, harmonic mixing, crossband isolation, IMD 2, 3, 4, 5
· Add a new special lower MSD type as “ALL” 
· FFS on detail of “ALL” type
Issue 1-3-4: Others
· WF: FFS in next meeting.
Sub-topic 1-4: Candidate MSD thresholds
· Agreement on Tuesday online session 
· The maximum threshold is around 20dB
· FFS on the concrete values for thresholds
· FFS on whether 2 or 3 bits will be used for threshold range.
Sub-topic 1-5: Conformance test for lower MSD
· WF: FFS in next meeting.
[bookmark: _Hlk135941035]Sub-topic 1-6: Whether to report CBW of aggressor UL and victim DL
Agreement: 
· CBW of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability
· FFS on the rule for test condition
· With understanding that CBW of aggressor UL and victim DL is known to both UE and TE during test
Sub-topic 1-7: Signaling overhead reduction
· WF: FFS in next meeting.
Sub-topic 1-8: Other approaches for lower MSD capability reporting
· WF: FFS in next meeting.




2 Discussion
2.1 Antenna coupling impacts to lower MSD capability
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. 

However, the RF requirements in current 38.101-1 will be tested in 38.521-1 with conducted mode. This means the interference caused by antenna coupling will be missing in the certifications as shown in below figure 1. The UE test results will show better performance than it will face in real field.
[image: ]
[bookmark: _Hlk141946557]Figure 1 Antenna coupling interference is missing in conducted tests

In the low MSD reporting discussion, it was clarified that the low MSD will still be tested with conducted mode. This means the antenna coupling will still be missing in the evaluation of low MSD.
Observation 1:   MSD requirements were defined based on the assumption that antenna coupling interference is included, however, in the conducted conformance tests this antenna coupling interference is missing which makes the conformance test is not aligned with the conditions that MSD was designed for.

Observation 2:   It was clarified that low MSD reporting will still be tested with conducted tests.

As we all know that the low MSD reporting was to differentiate real good low MSD UE from others and indicate the good MSD status to NW. However, from above discussion it can be seen that due to the missing of antenna coupling interference, all UEs can be declared “Low MSD UE” in principle. The question is how much the antenna coupling will impact the low MSD capability.
To make it clear, different MSD types were calculated with example band combinations. 
· As shown in table 1, the difference between MSD requirements and conducted/OTA MSD are shown. The “MSD requirement – conduct MSD” is the intended low MSD reporting now under discussion, and the “MSD requirement – OTA MSD” is the real MSD improvement in the field. 
· Table 2 shows the MSD difference between conducted and OTA MSD, this simply means even without real MSD improvement several dB “MSD gain” can be observed in the conducted tests just because of missing the antenna coupling interference.

Table 1 Comparison of MSD requirements with conducted MSD and OTA MSD

	
	MSD requirement – Conduct MSD
	MSD requirement – OTA MSD

	PCB isolation 
	65dB
	70dB
	80dB
	90dB
	65dB
	70dB
	80dB
	90dB

	Harmonics
(CA_n3-n78, with PC2@n3 Tx)
	1
	5.6
	13.8
	20.8
	1
	5.5
	12.7
	16.2

	Harmonic mixing
(CA_n28-n78, with PC2 in total)
	0.4
	4.8
	14.3
	23
	0
	2.2
	4.5
	4.8

	IMD
(CA_n3-n78, with PC2@n3 Tx)
	4.1
	13.6
	26.2
	28
	3.7
	12.6
	24.1
	26.5

	Cross band leakage
(CA_n41-n77, with PC2@n41)
	10.5
	10.5
	10.5
	10.5
	0.4
	0.4
	0.4
	0.4



Table 2 Comparison of conducted MSD and OTA MSD

	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 “OTA MSD – Conduct MSD” results it can be seen that the antenna coupling impact is not severe for harmonics (CA_n3-n78) and IMD (CA_n3-n78), but the impact is large for harmonic mixing (CA_n28-n78) and cross band isolation (CA_n41-n77). Any “MSD improvement” in conducted test below 10dB is meaningless for this cross-band leakage, and similar as harmonic mixing here.

Observation 3:   Antenna coupling impacts are large to some MSD types, and MSD improvement in conducted tests cannot represent the real MSD improvement in real field.

To handle this antenna coupling impacts in the low MSD reporting, two approaches can be considered:

	
	Pros
	Cons

	Approach 1: ignore the uncertainty caused by antenna coupling, and continue use the conducted MSD as the requirement in low MSD evaluation.
	· Evaluation is simpler
	· This will over-estimate the MSD improvement that UE really achieves;

· There is risk that all UE will report low MSD capability though they are not in reality. And the low MSD reporting lost its purpose.

	[bookmark: _Hlk141976134]Approach 2: take antenna coupling impacts into account, and evaluate the MSD in OTA conditions.
	· MSD test is aligned with the condition that MSD was designed;

· Low MSD reporting is aligned with the MSD that UE will facing in the real NW.
	· Test method needs to be further studied and defined, e.g. whether use peak EIRP based or TRP based metrics to evaluate the MSD considering the antenna patterns for the two bands will be different

· How to reduce test time



Comparing these two approaches, at this late Rel-18 stage approach 1 might be the only choice, however, for long term solution the approach 2 must be the reasonable one.

Observation 4:   Considering now is at the late Rel-18 stage, ignore the impact caused by antenna coupling, and continue use the conducted MSD as the requirement in low MSD evaluation might be the only choice though the draw backs and risks it may cause in reality.

Observation 5:   For long term, take antenna coupling impacts into account, and evaluate the MSD in OTA conditions must be the reasonable choice.

Proposal 1:         Considering now is at the late Rel-18 stage, ignore the impact caused by antenna coupling, and continue use the conducted MSD as the requirement in low MSD evaluation.

Proposal 2:         For long term, MSD tests should take antenna coupling impacts into account, and evaluate the MSD in OTA conditions.

2.2 Lower MSD reporting simplify
The low MSD reporting was a simple concept initially, but after long discussion with the detailed many MSD types, orders, power classes, CBWs, etc. it has become so large and burden reporting scheme. If we further consider the fact that there are usually thousands of CA/ENDC band combinations in a UE, if UE has to precisely test each band combination and each MSD, and put them in the memory then it would a big burden for UE development and also for UE certification. This will make UE less likely to implement the low MSD reporting schemes. And as discussed in section 2.1, under the conducted tests, due to missing of antenna coupling interference, in principle any UE are low MSD UE and can report low MSD capability for any MSD types. This will be a big burden also for NW.

Observation 6:   Low MSD reporting has the risk of becoming big burden for UE to implement and also for NW to scheduling, considering:
· the so complex conditions considered in the reporting like many MSD types, orders, power classes, CBWs, etc., 
· and a UE can support hundreds of band combinations, 
· and there is possibility that all UEs can call itself a low MSD UE due to missing of antenna coupling interferences in the conduct tests.

[bookmark: _Hlk118313218]Simplifying the reporting scheme has become important for both UE and NW. Among several reporting simplification options, NW request-based reporting is a relatively promising one. 

[bookmark: _Hlk118312544]In this approach, usually UE will report low MSD capability only when NW request it for a band combination. The report complexity is much smaller than UE capability-based reporting, especially considering the NW requested band combination is much less than the UE supported. This is good for UE reporting burden and power consumption.

Proposal 3:         To simplify the low MSD reporting scheme, NW request-based MSD reporting approach should be considered.

2.3 Lower MSD thresholds
For the low MSD thresholds, as discussed in above the conducted tests cannot really represent the real MSD in the field, and fine threshold might only reflect the MSD improvement caused by missing antenna correlation in the test. Therefore, for max MSD threshold 20dB, the four steps are preferred. 

· 0≤UE Real MSD＜5dB
· 5≤UE Real MSD＜10dB
· 10≤UE Real MSD＜15dB
· 15≤UE Real MSD＜20dB

Proposal 4:         Four steps threshold is proposed considering small steps may only reflect the MSD improvement caused by missing of antenna correlation interferences in conducted tests.
· 0≤UE Real MSD＜5dB
· 5≤UE Real MSD＜10dB
· 10≤UE Real MSD＜15dB
· 15≤UE Real MSD＜20dB

3 Conclusion
In this paper, we discussed the issues found in low MSD reporting, and got following observations and proposals.

Antenna coupling impacts to lower MSD capability

Observation 1:   MSD requirements were defined based on the assumption that antenna coupling interference is included, however, in the conducted conformance tests this antenna coupling interference is missing which makes the conformance test is not aligned with the conditions that MSD was designed for.
Observation 2:   It was clarified that low MSD reporting will still be tested with conducted tests.

Observation 3:   Antenna coupling impacts are large to some MSD types, and MSD improvement in conducted tests cannot represent the real MSD improvement in real field.

Observation 4:   Considering now is at the late Rel-18 stage, ignore the impact caused by antenna coupling, and continue use the conducted MSD as the requirement in low MSD evaluation might be the only choice though the draw backs and risks it may cause in reality.

Observation 5:   For long term, take antenna coupling impacts into account, and evaluate the MSD in OTA conditions must be the reasonable choice.

Proposal 1:         Considering now is at the late Rel-18 stage, ignore the impact caused by antenna coupling, and continue use the conducted MSD as the requirement in low MSD evaluation.

Proposal 2:         For long term, MSD tests should take antenna coupling impacts into account, and evaluate the MSD in OTA conditions.

Lower MSD reporting simplify

Observation 6:   Low MSD reporting has the risk of becoming big burden for UE to implement and also for NW to scheduling, considering:
· the so complex conditions considered in the reporting like many MSD types, orders, power classes, CBWs, etc., 
· and a UE can support hundreds of band combinations, 
· and there is possibility that all UEs can call itself a low MSD UE due to missing of antenna coupling interferences in the conduct tests.

Proposal 3:         To simplify the low MSD reporting scheme, NW request-based MSD reporting approach should be considered.

Lower MSD thresholds

Proposal 4:         Four steps threshold is proposed considering small steps may only reflect the MSD improvement caused by missing of antenna correlation interferences in conducted tests.
· 0≤UE Real MSD＜5dB
· 5≤UE Real MSD＜10dB
· 10≤UE Real MSD＜15dB
· 15≤UE Real MSD＜20dB
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