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[bookmark: _Ref462817227]Introduction
The WI description [1] for Rel-17 work on SON-MDT enhancements for NR covers the SON specific and MDT specific enhancements. In this contribution, we discuss the contents of MDT specific enhancements that one needs to discuss as part of Rel-17 work.  
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
The MDT related enhancements to be worked on in Rel-17 can be broadly classified as leftovers from Rel-16 (those that were discussed to some extent but not standardized due to time limitation) and any new additions that were not discussed in detail in Rel-17.
Leftovers from Rel-16
The topics under leftovers from Rel-16 are;
1) M5-M7 configuration and reporting in MN terminated SCG/split bearer and SN terminated MCG/split bearer scenarios.
2) MDT for MR-DC
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Figure 1: Different bearer configuration options in DC scenarios
During Rel-16, the MDT configuration for MN terminated MCG bearer and SN terminated SCG bearers were standardized. For the signalling-based MDT, the MN (MN CU-CP) receives the MDT configurations from the MME. In this scenario;
1) if the UE is configured with the MN terminated MCG bearer, then the MN CU-CP configures the MN CU-UP and/or MN DU to perform  the respective measurements (for M5, only MN DU is configured, for M6 all MN CU-CP, MN CU-UP and MN DU are configured, for M7 MN CU-UP and MN DU are configured).
· For M5 measurements in MN terminated MCG bearer: MME  MN CU-CP MN DU
· For M6 measurements in MN terminated MCG bearer: MME  MN CU-CP MN DU, MME  MN CU-CP MN CU-UP, MME  MN CU-CP UE
· For M7 measurements in MN terminated MCG bearer: MME  MN CU-CP MN DU, MME  MN CU-CP MN CU-UP

2) if the UE is configured with the SN terminated SCG bearer, then the MN CU-CP forwards the MDT configurations to SN CU-CP and the SN CU-CP configures the SN CU-UP and/or SN DU to perform  the respective measurements (for M5, only SN DU is configured, for M6 all SN CU-CP, SN CU-UP and SN DU are configured, for M7 SN CU-UP and SN DU are configured).

· For M5 measurements in MN terminated MCG bearer: MME  MN CU-CP  SN CU-CP  SN DU
· For M6 measurements in MN terminated MCG bearer: MME  MN CU-CP  SN CU-CP  SN DU, MME  MN CU-CP  SN CU-CP SN CU-UP, MME  MN CU-CP  SN CU-CP UE
· For M7 measurements in MN terminated MCG bearer: MME  MN CU-CP  SN CU-CP SN DU, MME  MN CU-CP  SN CU-CP SN CU-UP
1. [bookmark: _Toc47536266]For the MN terminated MCG bearer, all the MDT configurations are done by MN CU-CP.
1. [bookmark: _Toc47536267]For the SN terminated SCG bearer, MN CU-CP forwards the MDT configurations to SN CU-CP and SN CU-CP further configures the respective MDT configurations.
In essence, MN CU-CP configures all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP whereas SN CU-CP configured all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP. 
1. [bookmark: _Toc47536268]In Rel-16, the node that configures (MN or SN) the measurement is the same as the node that performs the measurement (MN or SN) i.e., MN CU-CP configures all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP whereas SN CU-CP configured all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP.
We believe that the same principles can be applied to the MN terminated SCG/split bearer and SN terminated MCG/split bearer. 
MN terminated SCG bearer
In the case of MN terminated SCG bearer, the following principle of configuration can be applied.
For M5 (throughput) measurement: MME  MN CU-CP  SN CU-CP  SN DU 
For M6 (delay) measurement: MME  MN CU-CP  SN CU-CP  SN DU, MME  MN CU-CP  SN CU-CP  UE, MME  MN CU-CP  MN CU-UP 
For M7 (packet error) measurement: MME  MN CU-CP  SN CU-CP  SN DU, MME  MN CU-CP  MN CU-UP 
By doing so, the node that is performing the measurements is the same as the one that is configuring the measurement. This is the principle we have tried to achieve in rel-16 (intra vendor purposes). Also, having this principle ensures that the UE’s LTE chipset and NR chipset need not have cross reporting aspects. For example, if the MN configures the PDCP queueing delay from the UE for the MN terminated SCG bearer, then the measurement configuration is received by the LTE chipset at the UE but the measurement content is related to NR chipset (i.e., the measurement is performed at the NR side). This needs to be later reported to MN again. This will possibly cause additional complexity at the UE. Therefore, we propose to keep the same principle as we had in rel-16 i.e., MN CU-CP configures all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP whereas SN CU-CP configured all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP. 
1. [bookmark: _Toc47536269]Allowing MN to configure measurements from the UE (PDCP queueing delay) associated to a SCG bearer requires the UE to coordinate between MN and SN related chipsets.
1. [bookmark: _Toc47536270]In MN terminated SCG bearer and SN terminated MCG bearer scenarios, by allowing MN CU-CP to configure all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP and SN CU-CP to configure all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP, one can retain the rel-16 principle of allowing the node that configures (MN or SN) the measurement is the same as the node that performs the measurement (MN or SN).
[bookmark: _Toc47536294]For M5 measurement in MN terminated SCG bearer scenarios, SN CU-CP configures the SN-DU with M5 measurement.
[bookmark: _Toc47536295]For M6 measurement in MN terminated SCG bearer scenarios, MN CU-CP configures the MN CU-UP, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with the respective M6 measurements.
[bookmark: _Toc47536296]For M7 measurement in MN terminated SCG bearer scenarios, MN CU-CP configures the MN CU-UP and the SN CU-CP configures the SN-DU with the respective M7 measurements.
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Figure 2: Configuration aspects in MN terminated SCG bearer deployments (MME to MN CU-CP communication of signaling based MDT is not shown).
SN terminated MCG bearer:
The same principles as in MN terminated SCG bearer can be applicable for SN terminated MCG bearer.
[bookmark: _Toc47536297]For M5 measurement in SN terminated MCG bearer scenarios, MN CU-CP configures the MN-DU with M5 measurement.
[bookmark: _Toc47536298]For M6 measurement in SN terminated MCG bearer scenarios, SN CU-CP configures the SN CU-UP, MN CU-CP configures the MN-DU and the MN CU-CP configures the UE with the respective M6 measurements.
[bookmark: _Toc47536299]For M7 measurement in SN terminated MCG bearer scenarios, SN CU-CP configures the SN CU-UP and the MN CU-CP configures the MN-DU with the respective M7 measurements.
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Figure 3: Configuration aspects in SN terminated MCG bearer deployments (MME to MN CU-CP communication of signaling based MDT is not shown).
MN terminated split bearers.
The same principles as in MN terminated SCG bearer can be applicable for MN terminated split bearer.
[bookmark: _Toc47536300]For M5 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN-DU and SN CU-CP configures SN-DU with M5 measurement.
[bookmark: _Toc47536301]For M6 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN CU-UP, MN CU-CP configures the MN-DU, the MN CU-CP configures the UE with MN related D1 measurement, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with SN related D1 measurement.
[bookmark: _Toc47536302]For M7 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN CU-UP, the MN CU-CP configures the MN-DU and the SN CU-CP configures the SN-DU with the respective M7 measurements.
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Figure 4: Configuration aspects in MN terminated split bearer deployments (MME to MN CU-CP communication of signaling based MDT is not shown).
SN terminated split bearers.
The same principles as in MN terminated SCG bearer can be applicable for SN terminated split bearer.
[bookmark: _Toc47536303]For M5 measurement in SN terminated split bearer scenarios, MN CU-CP configures the MN-DU and SN CU-CP configures SN-DU with M5 measurement.
[bookmark: _Toc47536304]For M6 measurement in SN terminated split bearer scenarios, SN CU-CP configures the SN CU-UP, MN CU-CP configures the MN-DU, the MN CU-CP configures the UE with MN related D1 measurement, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with SN related D1 measurement.
[bookmark: _Toc47536305]For M7 measurement in SN terminated split bearer scenarios, SN CU-CP configures the SN CU-UP, the MN CU-CP configures the MN-DU and the SN CU-CP configures the SN-DU with the respective M7 measurements.
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Figure 5: Configuration aspects in SN terminated split bearer deployments (MME to MN CU-CP communication of signaling based MDT is not shown).
In the case of split bearers, there is an additional aspect to consider. This is related to whether the packet duplication is enabled or not. For example, when the packet duplication is enabled in a split bearer, both MN and the SN transmit the same packets to the UE to increase the robustness. Therefore, when the throughput (M5) measurements are received by the OAM from MN-DU and SN-DU, it would be useful to know whether this is associated to the duplicated scenario or not.
[bookmark: _Toc47536306]In MN terminated split bearer scenarios, MN CU-UP includes an indication in the report that indicates whether the packet duplication is enabled or not.
[bookmark: _Toc47536307]In SN terminated split bearer scenarios, SN CU-UP includes an indication in the report that indicates whether the packet duplication is enabled or not.

MDT for MR-DC
Only EN-DC related MDT configuration was prioritized during Rel-16. Therefore, other DC options like (NG)EN-DC, NR-DC and NE-DC shall be supported in Rel-17. As the DC scenario is associated to connected mode, the immediate MDT configurations in (NG)EN-DC, NR-DC and NE-DC shall be supported in Rel-17.
[bookmark: _Toc47536308]Immediate MDT configurations in (NG)EN-DC, NR-DC and NE-DC shall be supported in Rel-17.
From RAN2 point of view, we do not see any need for new measurements associated to immediate MDT in these DC scenarios. 
1. [bookmark: _Toc47536271]All necessary immediate MDT measurements for (NG)EN-DC, NR-DC and NE-DC are already available in NR specifications.
Logged MDT configurations in MR-DC
Further, during Rel-16, there were discussions related to supporting logged MDT configurations from the SN side. This was intended to enable the UE to be configured with NR specific logged MDT configuration from the SN when the UE in EN-DC. This would allow the network to ensure that the NR specific MDT configurations are transferred to the UE even though the master node serving the UE would be an LTE node. However, as the NR deployments become more common, there will be sufficient UEs using the NR cells as master or in SA mode. This would ensure that the logged MDT measurements for NR RAT is sufficiently available for the OAM to derive the coverage maps for NR cells. 
1. [bookmark: _Toc47536272]There will be sufficient UEs either configured with an NR cell as the master node or configured with a single connectivity configuration towards an NR cell to whom the logged MDT configurations can be sent.
[bookmark: _Toc47536309]Logged MDT configuration is not supported from the SN.

Other aspects related to MDT enhancements
Neighbour frequency coverage hole indication in logged MDT
Consider the deployment shown in Figure 6 which also shows a UE performing the logged MDT at different time instances (T1 to T7). The deployment consists of two frequencies F1 and F2. The UE is currently camping on F1. 
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[bookmark: _Ref29992064]Figure 6 : Example deployment scenario and a UE performing logged MDT
Consider that the UE is configured with same reselection priorities for both F1 and F2. In such a scenario, the UE performs serving cell measurements on F1 and it shall also perform neighbor cell measurements on both F1 and F2 all the time (assume that s-NonIntraSearchP or s-IntraSearchP are not configured). In such a scenario, the UE shall include the following measurements at each of the time samples (T1 to T7).

	Time sample
	Camped cell measurements
	F1 Neighbor cells’ measurements
	F2 Neighbor cells’ measurements

	T1
	Yes
	Yes
	Yes

	T2
	Yes
	Yes
	Yes

	T3
	Yes
	Yes
	No

	T4
	Yes
	Yes
	No

	T5
	Yes
	Yes
	No

	T6
	Yes
	Yes
	Yes

	T7
	Yes
	Yes
	Yes


 
The key observation to be made is at time instances T3, T4 and T5 wherein the UE has not included the F2 related measurements as part of neighbor cell measurements in the logged MDT report. The OAM cannot directly interpret that there is no coverage from F2 at the locations associated to T3, T4 and T5 as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on F2. 
1. [bookmark: _Toc47536273]Lack of neighbor frequency measurements on a particular frequency in the logged MDT do not imply that there is no coverage in that frequency as the UE might not be performing measurements on that frequency as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on that frequency.
Therefore, if the UE performs measurements on a frequency, as per the reselection related frequency priority configuration, and the UE does not detect any SSBs on that frequency then the UE can include an indicator in the neighbor cell related measurements’ of logged MDT that there is no coverage from that frequency at that location. This will be beneficial for the operators to identify the coverage holes in different frequencies using the logged MDT report. 
[bookmark: _Toc47536310]Include an indicator in the logged MDT report to indicate the neighbor frequencies on which the UE has performed measurements but has not detected any coverage.

Beam measurement configuration
When the UE is configured with logged MDT, the UE performs the logging of RRM measurements as per the loggingInterval configured in the logged MDT configuration. Each logged MDT sample includes, amongst other things, the serving cell and beam level measurements associated to the serving cell (best beam index, best beam RSRP and RSRQ and number of good beams of serving cell). In many low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE. 
1. [bookmark: _Toc47536274]In low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE.
In such a scenario, the cell level measurement would be same as the beam level measurement. However, each of the logged MDT report sample would have measurements associated to cell as well as beam level measurements of serving cell. 
1. [bookmark: _Toc47536275]Including both cell level and beam level measurements in a single SSB deployment will increase the logged MDT report size by at least 26 bits per MDT sample.
[bookmark: _Toc47536311]Operator shall be able to control whether the UE needs to include beam level measurements in the logged MDT report or not.

UE power savings impact on logged MDT
A UE that can perform the relaxed RRM measurements benefits from the reduced RRM measurements while camping in a cell that broadcasts relaxed RRM related parameters, as it does not perform neighbour frequency measurements when the relaxed RRM measurements’ related conditions are met. However, those UEs that do not support relaxed RRM measurements will include both serving and neighbour cells measurements as per the cell reselection related measurement. Based on this information, there will be ambiguity in OAM’s understanding of the logged MDT reports as first set of  UEs report that there is no coverage from a given frequency in location-X whereas another set of UEs report that there is coverage from the same frequency in the same location-X.
[bookmark: _Toc40875287][bookmark: _Toc47536276]When there is a mix of UEs that support and that does not support relaxed RRM measurements, there will be ambiguity in OAM’s understanding of the logged MDT reports as first set of UEs does not report coverage from a given frequency in location-X whereas another set of UEs report that there is coverage from the same frequency in the same location-X.
[bookmark: _Hlk40270509]One of the ways to resolve this issue from the network point of view some of which was mentioned (but not discussed in detail as we believe the MDT specific discussions were not held in that discussion) in the UE power savings WI item is that the network shall not configure the logged MDT in the areas where the network is broadcasting the relaxed RRM related system information. This solution has severe limitations:
1) When the signaling-based MDT configuration is sent to the UE, the OAM must ensure that all the cells in the areaConfiguration are not broadcasting relaxed RRM related parameters.
a. When the areaConfiguration is configured, this involves a lot of overhead for the OAM to turn on or turn off the relaxed RRM measurements in all the cells that are in this areaConfiguration. 
i. From turning OFF point of view, there is a need to send an explicit notification from the OAM to all these cells to turn-OFF the relaxed measurements when at least one UE is configured with an areaConfiguration that involves the above-mentioned cells. 
[bookmark: _Toc40875288][bookmark: _Toc47536277]If the network should not configure the logged MDT in the areas where the network is broadcasting the relaxed RRM related system information, then the OAM needs to send an explicit ‘turn-OFF relaxed RRM notification’ to all the cells that are part of areaConfiguration upon initiating the signaling based MDT to a UE with the said areaConfiguration.
ii. From turning ON point of view, this will be even more difficult for the OAM. Firstly, the OAM is not aware of the time instance when the UE is configured with the logged MDT configuration as a UE in inactive state will not be woken up to be configured with the signaling based logged MDT configuration. So, as the OAM is not aware of the starting time of the corresponding logged MDT process at the UE, the OAM cannot compute when the T330 expires for this UE. Secondly, even if the OAM is aware of the time instance of when the UE is configured with signaling based logged MDT, there is a large overhead for the OAM to maintain one timer per UE to know in which cells can the OAM turn ON the relaxed RRM measurements and in which cells it cannot (based on areaConfiguration in respective signaling logged MDT configuration).
[bookmark: _Toc40875289][bookmark: _Toc47536278]OAM is unaware of the time instance when the UE is actually configured with the signaling based logged MDT configuration as a UE in inactive state will not be woken up to be configured with the signaling based logged MDT configuration and therefore the OAM cannot compute when the T330 expires for this UE which makes it difficult for OAM to know when to turn-ON the relaxed RRM measurements in the cells in areaConfiguration.
[bookmark: _Toc40875290][bookmark: _Toc47536279]Even if the OAM is made aware of the time instance of when the UE is configured with signaling based logged MDT, there is a large overhead for the OAM to maintain one timer per UE to know in which cells can the OAM turn ON the relaxed RRM measurements and in which cells it cannot (based on areaConfiguration in respective signaling logged MDT configuration)
b. When the areaConfiguration is not configured, then the UE is expected to perform logging of measurements in all the PLMNs included in the plmn-IdentityList. This means that the OAM must disable the relaxed RRM measurements in all the cells in that PLMN which is an extremely sub-optimal solution. 
[bookmark: _Toc40875291][bookmark: _Toc47536280]When the areaConfiguration is not configured, then the UE is expected to perform logging of measurements in all the PLMNs included in the plmn-IdentityList which means that the OAM must disable the relaxed RRM measurements in all the cells in that PLMN which is an extremely sub-optimal solution.
2) For the management-based MDT, the OAM provides the MDT configuration but it is the RAN node that selects the UE to which the MDT configuration is transferred. Now, if the RAN node includes an areaConfiguration which is more than its own cell IDs in the CU, then there is need to inform the neighbours to turn off the relaxed RRM based measurements. Also, if the RAN node just includes the plmn-IdentityList without including areaConfiguration then there is a need to inform all the cells in that PLMN to turn-OFF the relaxed RRM configuration. This is not possible with existing inter-node signaling and it is also not feasible.
[bookmark: _Toc40875292][bookmark: _Toc47536281]For the management based MDT, if the RAN node includes an areaConfiguration which is more than its own cell IDs in the CU, then there is need to inform the neighbours to turn off the relaxed RRM based measurements. This is not possible with existing inter-node signaling.
[bookmark: _Toc40875293][bookmark: _Toc47536282]For the management based MDT, if the RAN node just includes the plmn-IdentityList without including areaConfiguration then there is a need to inform all the cells in that PLMN to turn-off the relaxed RRM configuration. This is not possible with existing inter-node signaling and it is also not feasible.
Additionally, it is very strange that a single UE’s logged MDT configuration will disable the possibility of relaxed RRM measurements for 100’s and 1000’s of UEs that might be camping on cells that supports relaxed RRM measurements’ configuration but the network has to disable the relaxed RRM measurements because of that one UE.
[bookmark: _Toc40875294][bookmark: _Toc47536283]Turning of relaxed RRM measurements in all the cells in areaConfiguration or in all the cells of all the PLMNs in plmn-IdentityList based on a single UE’s will disable the possibility of relaxed RRM measurements for 100’s and 1000’s of UEs that might be camping on cells that supports relaxed RRM measurements’ configuration but the network has to disable the relaxed RRM measurements because of that one UE.
Further, there is also an overhead on the RAN nodes in terms of dynamically updating the SI. Also, this increases the burden on the UEs to re-read the SIB2 so that they can get to know whether it can use relaxed RRM measurements or not. If the UE does not want to do that then such UEs would continue to perform normal RRM measurements even though the network has changed the SIBs 
[bookmark: _Toc40875295][bookmark: _Toc47536284]Dynamically and frequently changing the SIB2 contents related to relaxed RRM parameters increases the overhead both on the RAN side and the UE side.
Based on the above observations, it is clear that the UE power savings WI did not discuss all the impacts of relaxed RRM measurements on MDT. 
[bookmark: _Toc40875297][bookmark: _Toc47536285]Relaxed RRM measurements will create ambiguity in logged MDT results and the solution discussed in UE power saving WI is not at all feasible from OAM configuration and OAM overhead point of view.
We believe that there must be a different solution to handle this impact of relaxed RRM measurements on logged MDT measurements. In the UE power saving WI, Ericsson argued that a UE configured with logged MDT configuration should not perform relaxed RRM measurements. The main motivation behind this is that the number of UEs configured with logged MDT is very less compared to the total population of the idle/inactive UEs in a given area. Therefore, even if this one UE is not performing the relaxed RRM measurements resulting in higher UE power consumption, there would have been a significant net benefit for other UEs that are not configured with logged MDT as they can continue to perform relaxed RRM measurements.
[bookmark: _Toc40875298][bookmark: _Toc47536286]In a solution wherein the logged MDT configured UE does not perform relaxed RRM measurement, even if this one UE is not performing the relaxed RRM measurements resulting in higher UE power consumption, there would have been a significant net benefit for other UEs that are not configured with logged MDT as they can continue to perform relaxed RRM measurements.
However, as this is not agreed in the UE power savings WI, we think there is a need to at least make the logged MDT results interpretable to the OAM. For that purpose, we believe there is a value in including an indication in the logged MDT results as to whether the UE was performing the RRM measurements based on the relaxed RRM configuration or normal RRM configuration. 
[bookmark: _Toc40106887][bookmark: _Toc40108164][bookmark: _Toc40156407][bookmark: _Toc40682250][bookmark: _Toc40875299][bookmark: _Toc47536312]The UE shall include a flag in the logged MDT report to indicate whether the UE is performing RRM measurements based on relaxed RRM measurement policy or normal RRM measurement policy.
This serves two purposes from the OAM point of view:
1) This gives an indication as to how the relaxed RRM measurements’ related UEs are perceiving the coverage. This in turn helps the OAM to evaluate to the impact of relaxed RRM measurements on the cell reselection.
2) This also gives an indication as to how effective is the relaxed RRM measurements’ related parameters as configured by the RAN node as more number of UEs with a particular cell ID as serving cell indicate that they are using the relaxed RRM measurements, then the effectiveness of these relaxed RRM measurements’ related parameters is confirmed. However, if only few UEs camping in that cell report the usage of relaxed RRM measurements, then there is a need to fine tune these relaxed RRM measurements’ related parameters in that cell.  
 UE-based positioning and MDT
In logged MDT, the UE will monitor the network performance while in idle mode or inactive state, and in immediate MDT, the UE will report network performance in connected mode. Currently, the UE can also provide location information in the MDT reports, if this is available. A UE configured for UE-based positioning [TS 38.305] will always have location information available. UE-based positioning is supported both in Connected and Idle/Inactive state. Therefore, it shall be made mandatory for a UE configured for UE-based positioning to provide location info together with logged or immediate MDT.
[bookmark: _Toc47536287]A UE configured with UE-based positioning will per definition have location information available.
[bookmark: _Toc47536288]An operator who spends resources to support UE based positioning should be able to benefit from the UE location measurements in the MDT reports.
[bookmark: _Toc8840280][bookmark: _Toc8838773][bookmark: _Toc47536313]UE shall include the location information in logged and immediate MDT reports if the UE is configured with UE based positioning method.

Logged MDT measurements on overlapping carriers and non overlapping carriers
As part of the Rel-16 work on CA/DC enhancements, early measurement reporting feature has been introduced. In this feature, the UE can be configured with a list of carriers/frequencies that the UE shall perform measurements on and report to the cell immediately upon transitioning to RRC connected (in response to network request). This was introduced to speed up the procedure of finding the CA and/or DC candidates.
[bookmark: _Toc47536289]Early measurement reporting is a feature introduced in Rel-16 to quickly find the relevant CA and/or DC candidates.
This is very similar to logged MDT feature, but the logged MDT feature is supported mainly for long term coverage optimization purposes. However, the measurements related to early measurement configuration needs to be performed for a very short time after transitioning to Idle/Inactive state. After the expiry of this timer (T331), the UE stops monitoring the carriers configured for early measurement reporting unless they are also present in the cell reselection related SIBs. 
[bookmark: _Toc47536290]The UE performs the early measurement related carriers’ measurement from the time of reception of RRCRelease with measIdleDuration and until the expiry of timer T331.
[bookmark: _Toc47536291]The maximum configurable time for early measurement, i.e., T331 is 5 minutes whereas the loggingDuration configurable for logged MDT can be up to 120 minutes.
So, if a UE which is configured with logged MDT is also configured with early measurement reporting, then this UE will include the neighbor cell measurements associated to those carriers which are present only in early measurement configuration and not in cell reselection SIBs during the time when measIdleDuration has not expired. After the expiry of measIdleDuration, there will be no measurements from such a carrier available in the logged MDT.  
[bookmark: _Toc47536292]If a UE which is configured with logged MDT is also configured with early measurement reporting, then this UE will include the neighbor cell measurements associated to those carriers which are present only in early measurement configuration and not in cell reselection SIBs during the time when measIdleDuration has not expired thus possibly causing sudden discontinuity is such a neighbour cell measurement in the logged MDT report after T331 expiry.
This could cause some issue in the coverage analysis of a neighboring cell/carrier based on the logged MDT measurements as there will be sudden discontinuity of a carrier after certain time. In a normal scenario (when there is no early measurement configuration), this could mean that there is no coverage from the neighboring cell/carrier at the new location whereas in this scenario (when there is early measurement configuration whose timer, T331, has just expired), the UE has stopped performing measurements in such a carrier. Therefore, it is needed to distinguish these two scenarios. 
Further, the RAN4 measurement performance requirements will be different for overlapping carriers (those carriers which are part of both cell reselection SIBs and early measurement configuration) and non-overlapping carriers (those carriers which are part of only cell reselection SIBs).  
[bookmark: _Toc47536293]The RAN4 measurement performance requirements will be different for overlapping carriers (those carriers which are part of both cell reselection SIBs and early measurement configuration) and non-overlapping carriers (those carriers which are part of only cell reselection SIBs).
As the measurement performance for overlapping carriers is better than the non-overlapping carriers, there is a benefit for the OAM to know if the neighbor measurements included by the UE in the logged MDT report is associated to an overlapping carrier or not. Therefore, we propose to include an indication in the logged MDT report to identify whether the neighbor measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).
[bookmark: _Toc47536314]The neighbor cell measurements in the logged MDT includes information indicating whether the measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).

Suspension of MDT upon IDC issues
In LTE, when the UE experience IDC (In device co-existence) issues, the UE suspends the MDT logging and includes a flag to indicate that the UE has experienced IDC issues.
2>	when adding a logged measurement entry in VarLogMeasReport, include the fields in accordance with the following:
3>	if the UE detected IDC problems during the last logging interval:
4>	if measResultServCell in VarLogMeasReport is not empty:
5>	include InDeviceCoexDetected;
5>	suspend measurement logging from the next logging interval;
4>	else:
5>	suspend measurement logging;
NOTE 1A:	The UE may detect the start of IDC problems as early as Phase 1 as described in clause 23.4 of TS 36.300 [9].

Upon IDC problems being resolved, the UE resumes the measurement logging. 
While T330 is running, the UE shall:
1>	if measurement logging is suspended:
2>	if during the last logging interval the IDC problems detected by the UE is resolved, resume measurement logging;

The IDC issue is also a possibility at the UE that is configured with logged MDT in NR and that is having some WLAN measurements/communication. Therefore, one could adopt the approach of suspending the logging of measurements upon detecting IDC problems and restarting the same upon resolving the IDC problems.
[bookmark: _Toc47536315]If the UE detects the IDC problems in the last logging interval, then the UE suspends the measurement logging from at least the next logging interval.
[bookmark: _Toc47536316]If the IDC problems detected by the UE is resolved during the last logging interval and if the timer T330 has not expired, then the UE shall resume the measurement logging.


[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365]In this contribution, the following observations were captured:
Observation 1	For the MN terminated MCG bearer, all the MDT configurations are done by MN CU-CP.
Observation 2	For the SN terminated SCG bearer, MN CU-CP forwards the MDT configurations to SN CU-CP and SN CU-CP further configures the respective MDT configurations.
Observation 3	In Rel-16, the node that configures (MN or SN) the measurement is the same as the node that performs the measurement (MN or SN) i.e., MN CU-CP configures all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP whereas SN CU-CP configured all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP.
Observation 4	Allowing MN to configure measurements from the UE (PDCP queueing delay) associated to a SCG bearer requires the UE to coordinate between MN and SN related chipsets.
Observation 5	In MN terminated SCG bearer and SN terminated MCG bearer scenarios, by allowing MN CU-CP to configure all the measurements to be performed by MN DU, MN CU-CP, MN CU-UP and SN CU-CP to configure all the measurements to be performed by SN DU, SN CU-CP, SN CU-UP, one can retain the rel-16 principle of allowing the node that configures (MN or SN) the measurement is the same as the node that performs the measurement (MN or SN).
Observation 6	All necessary immediate MDT measurements for (NG)EN-DC, NR-DC and NE-DC are already available in NR specifications.
Observation 7	There will be sufficient UEs either configured with an NR cell as the master node or configured with a single connectivity configuration towards an NR cell to whom the logged MDT configurations can be sent.
Observation 8	Lack of neighbor frequency measurements on a particular frequency in the logged MDT do not imply that there is no coverage in that frequency as the UE might not be performing measurements on that frequency as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on that frequency.
Observation 9	In low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE.
Observation 10	Including both cell level and beam level measurements in a single SSB deployment will increase the logged MDT report size by at least 26 bits per MDT sample.
Observation 11	When there is a mix of UEs that support and that does not support relaxed RRM measurements, there will be ambiguity in OAM’s understanding of the logged MDT reports as first set of UEs does not report coverage from a given frequency in location-X whereas another set of UEs report that there is coverage from the same frequency in the same location-X.
Observation 12	If the network should not configure the logged MDT in the areas where the network is broadcasting the relaxed RRM related system information, then the OAM needs to send an explicit ‘turn-OFF relaxed RRM notification’ to all the cells that are part of areaConfiguration upon initiating the signaling based MDT to a UE with the said areaConfiguration.
Observation 13	OAM is unaware of the time instance when the UE is actually configured with the signaling based logged MDT configuration as a UE in inactive state will not be woken up to be configured with the signaling based logged MDT configuration and therefore the OAM cannot compute when the T330 expires for this UE which makes it difficult for OAM to know when to turn-ON the relaxed RRM measurements in the cells in areaConfiguration.
Observation 14	Even if the OAM is made aware of the time instance of when the UE is configured with signaling based logged MDT, there is a large overhead for the OAM to maintain one timer per UE to know in which cells can the OAM turn ON the relaxed RRM measurements and in which cells it cannot (based on areaConfiguration in respective signaling logged MDT configuration)
Observation 15	When the areaConfiguration is not configured, then the UE is expected to perform logging of measurements in all the PLMNs included in the plmn-IdentityList which means that the OAM must disable the relaxed RRM measurements in all the cells in that PLMN which is an extremely sub-optimal solution.
Observation 16	For the management based MDT, if the RAN node includes an areaConfiguration which is more than its own cell IDs in the CU, then there is need to inform the neighbours to turn off the relaxed RRM based measurements. This is not possible with existing inter-node signaling.
Observation 17	For the management based MDT, if the RAN node just includes the plmn-IdentityList without including areaConfiguration then there is a need to inform all the cells in that PLMN to turn-off the relaxed RRM configuration. This is not possible with existing inter-node signaling and it is also not feasible.
Observation 18	Turning of relaxed RRM measurements in all the cells in areaConfiguration or in all the cells of all the PLMNs in plmn-IdentityList based on a single UE’s will disable the possibility of relaxed RRM measurements for 100’s and 1000’s of UEs that might be camping on cells that supports relaxed RRM measurements’ configuration but the network has to disable the relaxed RRM measurements because of that one UE.
Observation 19	Dynamically and frequently changing the SIB2 contents related to relaxed RRM parameters increases the overhead both on the RAN side and the UE side.
Observation 20	Relaxed RRM measurements will create ambiguity in logged MDT results and the solution discussed in UE power saving WI is not at all feasible from OAM configuration and OAM overhead point of view.
Observation 21	In a solution wherein the logged MDT configured UE does not perform relaxed RRM measurement, even if this one UE is not performing the relaxed RRM measurements resulting in higher UE power consumption, there would have been a significant net benefit for other UEs that are not configured with logged MDT as they can continue to perform relaxed RRM measurements.
Observation 22	A UE configured with UE-based positioning will per definition have location information available.
Observation 23	An operator who spends resources to support UE based positioning should be able to benefit from the UE location measurements in the MDT reports.
Observation 24	Early measurement reporting is a feature introduced in Rel-16 to quickly find the relevant CA and/or DC candidates.
Observation 25	The UE performs the early measurement related carriers’ measurement from the time of reception of RRCRelease with measIdleDuration and until the expiry of timer T331.
Observation 26	The maximum configurable time for early measurement, i.e., T331 is 5 minutes whereas the loggingDuration configurable for logged MDT can be up to 120 minutes.
Observation 27	If a UE which is configured with logged MDT is also configured with early measurement reporting, then this UE will include the neighbor cell measurements associated to those carriers which are present only in early measurement configuration and not in cell reselection SIBs during the time when measIdleDuration has not expired thus possibly causing sudden discontinuity is such a neighbour cell measurement in the logged MDT report after T331 expiry.
Observation 28	The RAN4 measurement requirements will be different for overlapping carriers (those carriers which are part of both cell reselection SIBs and early measurement configuration) and non-overlapping carriers (those carriers which are part of only cell reselection SIBs).

In this contribution, the following proposals were captured:
Proposal 1	For M5 measurement in MN terminated SCG bearer scenarios, SN CU-CP configures the SN-DU with M5 measurement.
Proposal 2	For M6 measurement in MN terminated SCG bearer scenarios, MN CU-CP configures the MN CU-UP, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with the respective M6 measurements.
Proposal 3	For M7 measurement in MN terminated SCG bearer scenarios, MN CU-CP configures the MN CU-UP and the SN CU-CP configures the SN-DU with the respective M7 measurements.
Proposal 4	For M5 measurement in SN terminated MCG bearer scenarios, MN CU-CP configures the MN-DU with M5 measurement.
Proposal 5	For M6 measurement in SN terminated MCG bearer scenarios, SN CU-CP configures the SN CU-UP, MN CU-CP configures the MN-DU and the MN CU-CP configures the UE with the respective M6 measurements.
Proposal 6	For M7 measurement in SN terminated MCG bearer scenarios, SN CU-CP configures the SN CU-UP and the MN CU-CP configures the MN-DU with the respective M7 measurements.
Proposal 7	For M5 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN-DU and SN CU-CP configures SN-DU with M5 measurement.
Proposal 8	For M6 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN CU-UP, MN CU-CP configures the MN-DU, the MN CU-CP configures the UE with MN related D1 measurement, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with SN related D1 measurement.
Proposal 9	For M7 measurement in MN terminated split bearer scenarios, MN CU-CP configures the MN CU-UP, the MN CU-CP configures the MN-DU and the SN CU-CP configures the SN-DU with the respective M7 measurements.
Proposal 10	For M5 measurement in SN terminated split bearer scenarios, MN CU-CP configures the MN-DU and SN CU-CP configures SN-DU with M5 measurement.
Proposal 11	For M6 measurement in SN terminated split bearer scenarios, SN CU-CP configures the SN CU-UP, MN CU-CP configures the MN-DU, the MN CU-CP configures the UE with MN related D1 measurement, SN CU-CP configures the SN-DU and the SN CU-CP configures the UE with SN related D1 measurement.
Proposal 12	For M7 measurement in SN terminated split bearer scenarios, SN CU-CP configures the SN CU-UP, the MN CU-CP configures the MN-DU and the SN CU-CP configures the SN-DU with the respective M7 measurements.
Proposal 13	In MN terminated split bearer scenarios, MN CU-UP includes an indication in the report that indicates whether the packet duplication is enabled or not.
Proposal 14	In SN terminated split bearer scenarios, SN CU-UP includes an indication in the report that indicates whether the packet duplication is enabled or not.
Proposal 15	Immediate MDT configurations in (NG)EN-DC, NR-DC and NE-DC shall be supported in Rel-17.
Proposal 16	Logged MDT configuration is not supported from the SN.
Proposal 17	Include an indicator in the logged MDT report to indicate the neighbor frequencies on which the UE has performed measurements but has not detected any coverage.
Proposal 18	Operator shall be able to control whether the UE needs to include beam level measurements in the logged MDT report or not.
Proposal 19	The UE shall include a flag in the logged MDT report to indicate whether the UE is performing RRM measurements based on relaxed RRM measurement policy or normal RRM measurement policy.
Proposal 20	UE shall include the location information in logged and immediate MDT reports if the UE is configured with UE based positioning method.
Proposal 21	The neighbor cell measurements in the logged MDT includes information indicating whether the measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).
Proposal 22	If the UE detects the IDC problems in the last logging interval, then the UE suspends the measurement logging from at least the next logging interval.
Proposal 23	If the IDC problems detected by the UE is resolved during the last logging interval and if the timer T330 has not expired, then the UE shall resume the measurement logging.
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