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1
Introduction
In RAN #88-e meeting, the new WID [1] on enhancement of data collection for SON/MDT in NR and EN-DC was agreed. The objective of WID includes the enhancement of MDT as following:
	· Support of data collection for MDT features for identified use cases, including 2-step RACH optimization and leftovers of Rel-16 SON/MDT WI (MDT enhancements and MDT for MR-DC) [RAN2, RAN3, RAN4]

· Enhancement of logged and immediate MDT (including coexistence with IDC) [RAN2, RAN3]
· Enhancement of reporting e.g. RLF and accessibility measurements, Successful Handover reporting [RAN2, RAN3].

· Specification of MDT for MR-DC [RAN2, RAN3, RAN4]
· Specification of L2 measurements, if needed [RAN2, RAN3]



In the last meeting, RAN2 has the following agreements:

	=>
The coexistence issue between IDC and MDT feature is identified and the legacy mechanism defined in LTE spec is the baseline. FFS on potential enhancements.
=>
Study the support of logged and Immediate MDT in MR-DC scenario. For M5/M6/M7, it is proposed to apply them for EN-DC/MR-DC cases with different bear types. FFS on details.


In this contribution, we will discuss the details of the logged MDT enhancements.
2
Discussion
2.1
Logged MDT enhancement in SA
2.1.1
IDC
In the last meeting, RAN2 has agreed take the mechanism defined in LTE spec as the baseline.

In TS 37.320, the following text is about how the UE should handle logged MDT in IDC scenario. This text is mainly about logged MDT in LTE.
	When an E-UTRA UE detects an in-device coexistence problem that may affect the logged measurement results, the UE shall stop measurement logging, indicate in the log that an in-device coexistence problem has occurred, and keep the duration timer running. When the in-device coexistence problem is no longer present, and the duration timer has not expired, the logging resumes, with a leap in time stamp.


Also TS 36.331 specifies the UE behaviour during the logged MDT procedure.
	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;
1>
if not suspended, perform the logging in accordance with the following:

2>
if targetMBSFN-AreaList is included in VarLogMeasConfig:
……
2>
else if:
…..
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].

3>
set the relativeTimeStamp to indicate the elapsed time since the moment at which the logged measurement configuration was received;


In NR, IDC has been introduced in Rel-16. We think the behaviour of the UE in the NR logged MDT is same as the behaviour in LTE logged MDT.

Proposal 1: The behaviour of the UE in the NR logged MDT for the IDC is same as the behaviour in the LTE logged MDT:
· UE stops the measurement logging and indicates the IDC problem in the logs when UE detects the IDC problems
· UE resumes the measurement logging when the IDC problem is resolved
2.1.2 Management based logged MDT overwriting signalling based logged MDT
In RAN2#110e meeting, RAN2 has the following agreements:

Agreements:

1
The management-based MDT configuration should not overwrite signaling based MDT configuration in all the single connection scenarios and EN-DC scenario. UE based soltuion is not supported in R16.

In our understanding, there are the following scenarios.

Scenario 1: RRC_IDLE

In R16, RAN2 has agreed the event triggered logged MDT. Therefore, the UE may not have logged measurements available it enters RRC_CONNECTED and will not report logMeasAvailable in the RRCConnectionCommplete/RRCResumeComplete message. Therefore the new gNB does not know whether the UE has been configured with the logged MDT when the UE accesses the new gNB. Then the management based MDT from the new gNB will overwrite the signaling based logged MDT in the UE.

Scenario 2: RRC_INACTIVE
For RRC_INACTIVE, the UE may access the target gNB.

For the signaling based logged MDT that has been sent to the UE before UE enters the RRC_INACTIVE, same as the above analysis in RRC_IDLE, the management based MDT from the target gNB will overwrite the signaling based logged MDT in the UE.
For the signalling based logged MDT that has not been sent to the UE before  it enters RRC_INACTIVE, the source gNB will forward the signalling based logged MDT configuration to the target gNB. Therefore, the target gNB will configure the signalling based logged MDT and will not configure the management based logged MDT for the UE.
Scenario 3: RRC_CONNECTED

During Handover or RRCReestablishment procedures, the serving cells of the UE may be changed. According to the agreement of R16 NR logged MDT, no need is identified to transfer an MDT context (any related configuration information about measurement and reporting) between gNBs. Also in this case, the UE will not report logMeasAvailable in the RRCReconfigurationCommplete message. Therefore, the target gNB does not know whether the source gNB has configured the signaling based logged MDT. Then the target gNB may configure the management based MDT and the management based logged MDT will overwrite the signaling based logged MDT.
According to discussions in RAN2 and RAN3, there are two options to solve this issue.
Option 1: UE-based solution

Option 2: Network-based solution

In option 2, different scenarios need different solutions. The basic idea is that the new access/target gNB gets information from the CN/ source gNB on whether the UE has been configured with logged MDT. 
· For RRC_IDLE scenario, the CN does not know whether the old NG-RAN has configured the signaling based logged MDT. Therefore, the old NG-RAN node need to send one message to the CN after configuring the signalling based logged MDT. Also, the new NG-RAN should know the remaining active time of signalling based logged MDT(i.e. when the duration of logged MDT will expire), otherwise the new NG-RAN cannot configure the management based MDT even if the signalling based logged MDT configuration has been released in the UE. Therefore, the old NG-RAN should send the remaining active time to the CN after configuring the logged MDT. The CN needs to record the duration of logged MDT and the remaining active time of the signalling based logged MDT. This will increase the complexity of CN. Also, even if the old NG-RAN sends the remaining active time to the CN, the CN does not know the exact remaining active time because the CN does not know the delay from the time when the old NG-RAN sends the remaining active time to the time when the CN receives the remaining active time. 
Furthermore, the UE will release the logged MDT configuration when the memory becomes full but the network does not know when this occurs. Therefore, the network-based solution is less efficient because the CN does not know when the UE will stop the logged MDT when the UE memory is full.
In RRC_IDLE, the UE performs cell reselection between LTE and NR. According to the TS 37.320, there is only one RAT-specific logged measurement configuration. In our understanding, the management based logged MDT of one RAT also should not overwrite the signalling based logged MDT of another RAT. If we use the network-based solution, it needs interaction between the CN of 4G and the CN of 5G. 

Therefore, the network based solution needs coordination between 4G and 5G which implies to transfer the remaining timers between 4G and 5G.

	There is only one RAT-specific logged measurement configuration for Logged MDT in the UE. When the network provides a configuration, any previously configured logged measurement configuration will be entirely replaced by the new one. Moreover, logged measurements corresponding to the previous configuration will be cleared at the same time. It is left up to the network to retrieve any relevant data before providing a new configuration.
NOTE:
The network may have to do inter-RAT coordination.


Observation 1: For RRC_IDLE case, the network-based solution has the following impactsrequirements
· The NG-RAN node should send the remaining active time of logged MDT to the CN after sending the logged MDT configuration to the UE. The CN should inform the new NG-RAN node the remaining active time of the signalling based logged MDT when the UE turns to RRC_CONNECTED state.
· The CN needs to maintain the remaining timer which may increase the complexity

· The network-based solution is less efficient because the CN does not know when the UE will stop the logged MDT when the UE memory is full

· The network-based solution needs inter-RAT coordination of the remaining timer between 4G and 5G

· For RRC_INACTIVE scenario, the source NG-RAN needs to send one indication to indicate the signalling based MDT has been configured for the UE in the RETRIEVE UE CONTEXT RESPONSE. In RRC_INACTIVE, the UE will trigger RNA update procedure while the UE still is in RRC_INACTIVE. The serving gNB may change.  Same as the above discussion in the RRC_IDLE, we also think the source NG-RAN should inform the remaining active time of logged MDT to the target NG-RAN. 

· For RRC_CONNECTED scenario, the source NG-RAN needs to send one indication to the signalling based MDT has been configured for the UE in the handover request. Same as the above discussion in the RRC_INACTIVE, we also think the source NG-RAN should inform the remaining active time of logged MDT to the target NG-RAN.

Observation 2: For RRC_INACTIVE and RRC_CONNECTED scenarios, the network-based solution has the following requirements :
· The source NG-RAN needs to send the remaining active time of signalling based logged MDT to the target NG-RAN 
In option 1, the basic idea is that the network informs the UE of the type of logged MDT in the logged MDT configuration and the UE informs the new access/target gNB of the type of logged MDT which is configured in the UE. Therefore, the access/target gNB can know whether the UE has been configured with the signaling based logged MDT. This option can solve the issues in all of the above scenarios. In option 1, the UE knows the exact time when the logged MDT measurement configuration is received and when the logged MDT configuration is released. The UE based solution is more efficient and also it does not have any impacts on CN and a single solution can be applied to RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED UEs.

Observation 3: The UE based solution is more efficient and can be applied to all the cases. 
Proposal 2: Use the UE based solution to avoid the overwriting of the signalling based logged MDT:

· Introduce the logged MDT type (i.e. the management based MDT or the signalling based MDT) in the logged MDT configuration

· Introduce the logged MDT type in the RRCConnectionComplete/RRCResumeComplete/ RRCReconfigurationComplete/RRCRestablishmentCompelete
2.2
Logged MDT enhancement in MR-DC

In R16, the SN will not configure the logged MDT for the UE. RAN2 has agreed to postpone it to R17 in RAN2#109-e meeting.

	=>
Postpone the following issue to R17:


Whether to have an indicator of controlling the beam level measurements in the logged MDT report.


logged MDT in DC scenario


For EN-DC, according to the discussion in R16, some companies consider the NSA network and some companies consider the NR SA network in which the UE can be in EN-DC. Therefore, we think we need to analyse case by case.

For the NSA case, operators may want to know the coverage of NR. The reason is that the deployment of SN cell is related to capacity expansion and network planning. NR may be deployed in areas where high traffic occurs. The coverage where a NR cell is available may show whether the deployment of NR SN cell is according to the capacity increase needs. Also operators may want to know the coverage of NR SA before deploying the NR SA. Therefore, RAN2 may need to consider how to collect the coverage of NR in NSA. In NSA, both the MN and SN can configure the immediate MDT measurement. In general, the network will configure the UE to be in MR-DC when the quality of SN is above one threshold. Therefore, the NR SA coverage is different from the MR-DC coverage (as shown in Figure 1) and the operators cannot get the coverage of NR SA before deploying the NR SA. 
Observation 4: In NSA, the operators may want to know the coverage of NR SA before finalising the NR SA deployment.
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Figure 3: Different coverage of EN-DC and NR SA
Proposal 3: Support the logged MDT for NR cells in NSA where the UE cannot camp on NR cells.

In order to support the logged MDT for NR cells in NSA, there are two directions:

(1) relevant to R16 early measurement feature, i.e. logs the available early measurement results in the logged MDT.
(2) independent of R16 early measurement feature, i.e. separate measurement configuration and reporting
For (1), in R16, the UE logs the measurement results of serving cell and the available measurement results of NR neighbouring cells when UE camps on LTE cells. But in NSA, the network will not configure the frequencies of NR neighbour cells in system information. Therefore, the logged MDT records from the UE will not have the measurement results of the NR neighbouring cells. In R16, the early measurement was introduced in RAN2 and the UE will measure the NR cells in the RRC_IDLE/RRC_INACTIVE even the UE cannot camp on NR cells. We think the UE can also store the available measurement results of early measurement in the logged MDT. It can help the operators to know the signal quantity of NR cells.
For (2), we also see some reasons why the operators can only get limited measurement results of NR cells if using the early measurement. 

· In early measurement, the UE only measures the NR frequencies if the UE supports the EN-DC between the E-UTRA serving carrier and the NR carrier frequency. Therefore the UE will only record limited NR measurement results.
· The max duration time of early measurement is 300s. The max duration time of logged MDT is 120 min. The timer of logged MDT is started when the UE receives the LoggedMeasurementConfiguration message. The timer of early measurement is started when the UE receives the RRC release message including the early measurement configuration. Therefore the UE will not have the NR measurement results in some logging periods.
In NSA, the UE cannot camp on the NR cell. Therefore UE will not perform the logged MDT configuration from SN. In our understanding, the MN can inform the UE to measure the NR cells in the logged MDT configuration from MN and the UE can measure the NR cells like the early measurement, then the operator can get more data about the coverage of SN and get the coverage of NR SA. We think it will not increase the complexity of UE because the UE can perform the measurement like the measurement in early measurement. It only has a little impact on the UE power consumption. 
Proposal 4: Regarding how the UE logs the NR measurements for NSA, there are two options:
· logs the available early measurement results in the logged MDT
· MN sends explicit measurement configuration for the UE, and then the UE performs measurements and reporting
For the EN-DC if the UE can camp on NR cells, in our understanding, the UE can connect to NR and use the NR Cell as the PCell. Then the NR PCell can configure the logged MDT for the UE. We do not find any benefits for the NR PSCell to configure the logged MDT for the EN-DC UE.  

Proposal 5: In a network that UE can camp on NR cells, NR does not select the EN-DC UE to configure the logged MDT. 

For the logged MDT in NR-DC, the UE logs the results only when the UE is in RRC_IDLE/RRC_INACTIVE. For the signalling based logged MDT, in our understanding, AMF only provides only one MDT configuration to the MN because the MN and SN belong to the same RAT. Therefore the MN can send the logged MDT configuration to the UE. For the management based logged MDT, in our understanding, the operators may only want to know the coverage of SN. Therefore the OAM will only configure the MDT configure for the SN node. Therefore we think the NR SN can configure the logged MDT for the UE in NR-DC.

Proposal 6: In NR-DC, 

· For signalling based logged MDT, AMF only provides only one MDT configuration to the MN. The MN sends the configuration to the UE.

· For management based logged MDT, OAM provides the MDT configuration to both MN and SN independently.

In addition, for NE-DC and NGEN-DC, they may be supported for UE logging NR cell measurements if there is not significant extra impact on top of EN-DC and NR-DC.

Proposal 7: NE-DC and NGEN-DC scenarios may be supported if the specifications above cover those without any additional stage 3 specification efforts.
3
Conclusions
Based on the above discussions, we have the following proposals:
Proposal 1: The behaviours of UE in the NR logged MDT for the IDC is same to the behaviour in the LTE logged MDT:
· UE stops the measurement logging and indicates the IDC problem in the logs when UE detects the IDC problems
· UE resumes the measurement logging when the IDC problem is resolved
Proposal 2: Use the UE based solution to avoid the overwriting of the signalling based logged MDT:

· Introduce the logged MDT type (i.e. the management based MDT or the signalling based MDT) in the logged MDT configuration

· Introduce the logged MDT type in the RRCConnectionComplete/RRCResumeComplete/ RRCReconfigurationComplete/RRCRestablishmentCompelete
Proposal 3: Support the logged MDT for NR cells in NSA where the UE cannot camp on NR cells.

Proposal 4: Regarding how the UE logs the NR measurements for NSA, there are two options:
-
logs the available early measurement results in the logged MDT

-
MN sends explicit measurement configuration for the UE, and then the UE performs measurements and reporting
Proposal 5: In a network that UE can camp on NR cells, NR does not select the EN-DC UE to configure the logged MDT. 

Proposal 6: In NR-DC, 

· For signalling based logged MDT, AMF only provides only one MDT configuration to the MN. The MN sends the configuration to the UE.

· For management based logged MDT, OAM provides the MDT configuration to both MN and SN independently.

Proposal 7: NE-DC and NGEN-DC scenarios may be supported if the specifications above cover those without any additional stage 3 specification effort.
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