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1	Introduction 

Despite the objective of lower MSD capability reporting under the Rel-18 FR1 UE RF enhancement work item [1] has been completed in last RAN4 meeting, it was left with considerable suspicion as whether the Rel-18 database-intensive lower MSD signaling can be effectively and efficiently utilized by gNB to improve the band combination scheduling. On the other hand, since MSD is a substantial part of the UE impairments which will have different impacts on different carrier configurations and operating conditions, there has been increasing interest in more effective and efficient on-the-fly MSD/SIR measurement and reporting [2,3] in Rel-19 RAN4 objectives as a superior alternative to Rel-18 lower MSD capability signaling. In this contribution, we summarize the drawbacks of the Rel-18 lower MSD capability signaling and propose a more effective and efficient MSD/SIR measurement and reporting scheme based on real carrier configurations as part of Rel-19 RAN4 objectives for consideration.                                    
2 Discussion

2.1	Drawbacks of the Rel-18 lower MSD capability signaling

One of the most often criticized drawbacks of the Rel-18 lower MSD capability signaling is that the MSD reported by UE only occurs at a particular worst-case carrier configuration defined in RAN4 specifications as the minimum RF requirement, but not necessarily and likely not the MSD for the configuration scheduled by the network in real field operations which could potentially impact the network scheduling efficiency.          

Observation 1: The Rel-18 lower MSD capability reported by UE only occurs at a particular worst-case carrier configuration defined in RAN4 specifications, but not necessarily and likely not the MSD for the configuration scheduled by the network in real field operations which could potentially impact the network scheduling efficiency.

Secondly, a band combination may be subject to impacts from different MSD mechanisms under different carrier configurations, such as due to UL harmonics, harmonic mixing, 2UL IMD, and cross-band interference which may not occur simultaneously under the scheduled carrier configuration. Reporting all MSD mechanisms and the associated parameters could increase signaling overhead substantially.    

Observation 2: A band combination may be subject to impacts from different MSD mechanisms which may not occur simultaneously under the scheduled carrier configuration. Reporting all MSD mechanisms and the associated parameters could increase signaling overhead substantially. 

On the other hand, without real-time MSD measurement, UE would have to store all the pre-measured MSD values for all the supported band combinations with MSD impact where a huge UE memory loading is anticipated. And last but not least, MSD measurement is a rather time-consuming process which could substantially increase the factory test cost per UE.

Observation 3: Without real-time MSD measurement, UE would have to store all the pre-measured MSD values for all the supported band combinations with MSD impact where a huge UE memory loading is anticipated.

Observation 4: MSD measurement is a rather time-consuming process which could substantially increase the factory test cost per UE.

By accounting all the aforementioned drawbacks, the Rel-18 lower MSD capability has seemingly lost steam in attracting both UE and network sides to support the feature. If this feature would never be implemented on either side or both sides of UE and network, then we are essentially back to the origin that the concern with MSD uncertainty in all potentially impacted band combinations would still remain. Therefore, it is imperative to have a more effective and efficient alternative in Rel-19 to resolve the long-standing MSD uncertainty issue.

2.2	Motivation for real-time MSD/SIR measurement and reporting in Rel-19

In contrast to the Rel-18 static lower MSD reporting, the real-time MSD/SIR measurement and reporting is based on the carrier configuration to be scheduled by network in real field operation, but not the worst-case carrier configuration artificially defined in RAN4 specifications. It is with the following characteristics and completely avoids all the drawbacks in Rel-18 lower MSD capability signaling.
· The process is triggered by network where network can first perform MSD occurrence pre-screening to determine whether the MSD measurement and reporting is needed or not.
· It does not require UE to pre-measure and store all the MSD values for all MSD impacted band combinations.
· The measurement is RSSI-based instead of throughput-based as in REFSENS test which is more time consuming.
· UE does not need to report multiple MSD mechanisms as they are transparent to UE.
· The same measurement and reporting procedure is applicable for both semi-static MSD reporting and dynamic SIR (Signal to Interference Ratio) reporting [4].
· Semi-static reporting is only performed once after RRC configuration or reconfiguration.                          

One other important aspect in the real-time MSD/SIR measurement is that it is an Over-The-Air (OTA) based measurement as opposed to the conductive based MSD measurement where MSD is often underestimated due to that the true antenna isolation was not reflected or emulated in conductive test environment. As a result, the real-time MSD measurement shall possess better MSD fidelity than the conductive measurement.    

Observation 5: MSD is often underestimated in conductive based measurement due to that the true antenna isolation was not reflected or emulated in conductive test environment.

Observation 6: Real-time MSD measurement is OTA based measurement which shall possess better MSD fidelity than the conductive measurement.
  
2.3	Rel-19 RAN4 objectives for MSD reporting enhancement

The following Rel-19 RAN4 objectives for MSD reporting enhancement are proposed for consideration:

· Define the network MSD occurrence pre-screening process for different MSD mechanisms based on the scheduled configurations.
· Specify the process flow for real-time RSSI-based MSD/SIR measurements and reporting and the corresponding RRM requirements.
· Define a throughput-based OTA MSD measurement to correlate the UE RSSI-based MSD reporting.
3	Conclusion

In this contribution, we summarize the drawbacks of the Rel-18 lower MSD capability signaling and propose a more effective and efficient MSD/SIR measurement and reporting scheme based on real carrier configurations as part of Rel-19 RAN4 objectives for consideration.

Observation 1: The Rel-18 lower MSD capability reported by UE only occurs at a particular worst-case carrier configuration defined in RAN4 specifications, but not necessarily and likely not the MSD for the configuration scheduled by the network in real field operations which could potentially impact the network scheduling efficiency.

Observation 2: A band combination may be subject to impacts from different MSD mechanisms which may not occur simultaneously under the scheduled carrier configuration. Reporting all MSD mechanisms and the associated parameters could increase signaling overhead substantially. 

Observation 3: Without real-time MSD measurement, UE would have to store all the pre-measured MSD values for all the supported band combinations with MSD impact where a huge UE memory loading is anticipated.

Observation 4: MSD measurement is a rather time-consuming process which could substantially increase the factory test cost per UE.

Observation 5: MSD is often underestimated in conductive based measurement due to that the true antenna isolation was not reflected or emulated in conductive test environment.

Observation 6: Real-time MSD measurement is OTA based measurement which shall possess better MSD fidelity than the conductive measurement.

The following Rel-19 RAN4 objectives for MSD reporting enhancement are proposed for consideration:

· Define the network MSD occurrence pre-screening process for different MSD mechanisms based on the scheduled configurations.
· Specify the process flow for real-time RSSI-based MSD/SIR measurements and reporting and the corresponding RRM requirements.
· Define a throughput-based OTA MSD measurement to correlate the UE RSSI-based MSD reporting.
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