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1. Introduction

In the last RAN3 meeting, there were discussions [1] whether the previous RAN2 agreement “Management based MDT should not overwrite signaling based MDT” applies to IDLE mode as well in addition to the already discussed MDT prioritization for INACTIVE mode and MR-DC scenarios; subsequently RAN3 sent an LS [2] to RAN2 to clarify the same. At the same time, RAN2 also discussed [3] this issue on how to prioritize signaling based MDT over management based MDT, where almost all companies preferred a network based solution rather than a UE solution involving RRC signaling impacts.

In this paper, we propose a network based solution to prioritize signaling based MDT against management based MDT for both IDLE and INACTIVE modes.

2. Discussion
2.1 MDT Prioritization in INACTIVE mode
In this section, we discuss how to make sure management based MDT does not overwrite signaling based MDT when a UE connected to a certain NG-RAN goes to INACTIVE mode and resumes the RRC connection in another NG-RAN. The target NG-RAN in this case should be made aware whether the UE was configured with signaling based MDT before the UE went into INACTIVE mode so that it does not configure a UE with management based MDT when there is an already active signaling based MDT configuration.
One solution in [4] proposed to introduce a flag in the RETRIEVE UE CONTEXT RESPONSE message on Xn so that the target NG-RAN can indicate to source NG-RAN whether or not the UE was configured with signaling based MDT before it went into INACTIVE mode.

Although the above “flag-based solution” works in principle to avoid the overwriting of an already configured signaling based MDT with management MDT, this solution is misleading in case the UE resumes from RRC_INACTIVE after T330 expiry. According to TS 38.331, UE releases the logged MDT configuration after T330 expiry and can store the MDT report for 48 hours as highlighted below: 

5.7.x2.4
T330 expiry

Upon expiry of T330 the UE shall:

1>
release VarLogMeasConfig;
The UE is allowed to discard stored logged measurements, i.e. to release VarLogMeasReport, 48 hours after T330 expiry.

So, consider a situation where a UE was configured with a signaling based logged MDT configuration before it went into INACTIVE mode and T330 expires before UE resumes its RRC connection. In this case, if we use the flag based solution and the source NG-RAN just sends a flag saying that signaling based MDT was configured at the UE, target NG-RAN will miss out on configuring management based MDT for 48 hours even though T330 has expired and there is no active MDT configuration in the UE.
Observation 1: A flag-based solution that only conveys the “Signaling Based MDT State” over Xn in RETRIEVE UE CONTECT RESPONSE can lead to target NG-RAN missing out on configuring management based MDT, in cases where T330 expires before UE resumes from RRC_INACTIVE.

We therefore propose a slight modification to the above flag-based solution that can resolve the issue identified above. It is proposed to convey the “Logged MDT Remaining Active Time” in RETRIEVE UE CONTEXT RESPONSE message on Xn so that the target NG-RAN is aware of the time left for signaling based logged MDT to be active in the UE. This has the following advantages and can work as follows:

· If T330 has expired before UE resumes its RRC connection, then Logged MDT Remaining Active Time = 0 and target NG-RAN can configure management based MDT if it is configured from OAM and thereby does not misses out

· If T330 has not expired before UE resumes its RRC connection, then Logged MDT Remaining Active Time > 0 (say 3 min), then the target NG-RAN is aware that signaling based MDT is active in the UE for 3 more minutes and can configure with management based MDT post 3 minutes if needed.

Also, there are no major complexity impacts in NG-RAN for calculating this Logged MDT Remaining Active Time. NG-RAN is already aware of the T330 timer it configures to the UE and simply can use the timestamp difference between the time it sent LoggedMeasurementConfiguration to the UE and the time it sends RETRIEVE UE CONTEXT RESPONSE message to the target NG-RAN for this calculation.
Moreover, this IE can be an OPTIONAL IE where the absence of this IE can indicate a default value of 0 i.e. there is no active signaling based MDT configuration in the UE.
We therefore propose to add the new IE “Logged MDT Remaining Active Time” in TRACE ACTIVATION IE on Xn  (which is included in RETRIEVE UE CONTEXT RESPONSE message) so that target NG-RAN where UE resumes from RRC_INACTIVE is aware of the remaining active time for signaling based MDT
Proposal 1: Define a new IE “Logged MDT Remaining Active Time” in the “TRACE ACTIVATION IE” on XnAP
Proposal 2: The IE “Logged MDT Remaining Active Time” should be defined as an OPTIONAL IE, the absence of which can indicate the default value of 0 i.e. there is no active signaling based MDT configuration in the UE.
The above discussion and proposals are depicted in the Figure #1, where UE resumes in NG-RAN2 from RRC_INACTIVE after being initially connected to NG-RAN1 and received the signaling based MDT configuration.
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Figure #1: Proposed call flow for MDT Prioritization for a UE resuming from RRC_INACTIVE

2.2 MDT Prioritization in IDLE mode

As initially discussed in [1], it is useful to extend the prioritization of signaling based MDT over management based MDT for IDLE mode as well. We therefore propose a network based solution (similar to the one proposed for INACTIVE mode in section 2.1), however there are some differences which are discussed below.
In IDLE mode, UE context is released at RAN and therefore AMF should be involved (UE context is still maintained in AMF) to indicate whether or not signaling based MDT was configured in the UE before it went into IDLE mode

Similar to INACTIVE mode (as highlighted in Observation 1), it is possible that UE attempts a new connection after a long time i.e. after T330 expiry. In this case as well, it is important to signal the remaining active time for signaling based logged MDT instead of just a flag whether it is configured or not. 

We therefore propose a 2-step network solution for MDT Prioritization in IDLE mode

· Step 1 (NG-RAN -> AMF): NG-RAN should inform the AMF about the MDT context information i.e. remaining time active for signaling based MDT during NG UE context release i.e. when UE goes from CONNECTED to IDLE mode

· Step 2 (AMF -> NG-RAN): AMF should in turn inform the target NG-RAN i.e. the NG-RAN where UE reconnects after falling to IDLE mode, about the current remaining time active for signaling based MDT when UE goes from IDLE to CONNECTED mode. 
For step 1, source NG-RAN needs to indicate the MDT context information i.e. remaining time active for signaling based MDT to AMF on NGAP during UE context release which can be either NG-RAN initiated (UE CONTEXT RELEASE REQUEST) or AMF initiated (UE CONTEXT RELEASE COMMAND/COMPLETE) message, summarized in  the following proposal.

Proposal 3: Define a new IE “Logged MDT Remaining Active Time” in UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMPLETE messages on NGAP
Alternative to Proposal 3, instead of defining only a new IE for “Logged MDT Remaining Active Time”, we can include the whole “TRACE ACTIVATION” IE in UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMPLETE message which can in turn include the “Logged MDT Remaining Active Time” IE. 

Proposal 3a: Define the entire “TRACE ACTIVATION” IE in UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMPLETE messages on NGAP which will include “Logged MDT Remaining Active Time” as its child IE.

For step 2, AMF needs to inform the target NG-RAN when it reconnects from IDLE mode about the current remaining time for signaling based logged MDT (AMF needs to take into account the time UE spent in IDLE mode) and this can be signaled by the AMF over NGAP using INITIAL UE CONTEXT SETUP REQUEST message.
Proposal 4: Define a new IE “Logged MDT Remaining Active Time” in the “TRACE ACTIVATION IE” on NGAP

The above discussion and proposals are depicted in the Figure #2, where UE reconnects in NG-RAN2 from RRC_IDLE after being initially connected to NG-RAN1 and received the signaling based MDT configuration.
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Figure #2: Proposed call flow for MDT Prioritization for a UE resuming from RRC_IDLE
In order to support MDT Prioritization in IDLE mode, there are also some implementation aspects in AMF that needs to be considered as discussed below:

· AMF needs to store the signaling based MDT context information which it received from OAM along with the UE context information. This can be done in two ways:

· AMF stores the entire MDT configuration

· AMF stores only a portion of the MDT configuration that is necessary for computing remaining active time for signaling based MDT, e.g. only store loggingDuation IE from MDT Configuration that corresponds to the duration of T330 timer

· The stored MDT context in AMF needs to be transferred between AMFs in case there is a change of AMF during handover
2.3 MDT Prioritization in CONNECTED mode (during handovers)

Currently when UE does handover between NG-RANs, there is no information on how long the signaling based logged MDT configuration is active in the UE, whose information can be used to configure management-based MDT in case there is no active signaling based MDT configuration in the UE.

During Xn based handovers, MDT Configuration is propagated between NG-RANs as part of TRACE ACTIVATION IE in HANDOVER REQUEST message. If Proposal 1 is agreed, “Logged MDT Remaining Active Time” IE will also be included in the TRACE ACTIVATION IE and therefore the target NG-RAN will be aware of the remaining active time for signaling based logged MDT.
We also propose to convey the Logged MDT Remaining Active Time for NG based handovers. This can be done in 2 ways:

· Option 1: Add the “Trace Activation” IE in “Source NG-RAN Node to Target NG-RAN Node Transparent Container which already includes “Logged MDT Remaining Active Time” IE as per Proposal 4

· Option 2: Add only the “Logged MDT Remaining Active Time” IE in HANDOVER REQUEST and HANDOVER REQUIRED message

We prefer option 1 for better reusability and therefore have the following proposal:
Proposal 5: Add the “Trace Activation” IE in “Source NG-RAN Node to Target NG-RAN Node Transparent Container on NGAP
3. Summary 
Observation 1: A flag-based solution that only conveys the “Signaling Based MDT State” over Xn in RETRIEVE UE CONTECT RESPONSE can lead to target NG-RAN missing out on configuring management based MDT, in cases where T330 expires before UE resumes from RRC_INACTIVE.

Proposal 1: Define a new IE “Logged MDT Remaining Active Time” in the “TRACE ACTIVATION” IE on XnAP
Proposal 2: The IE “Logged MDT Remaining Active Time” should be defined as an OPTIONAL IE, the absence of which can indicate the default value of 0 i.e. there is no active signaling based MDT configuration in the UE.

Proposal 3: Define a new IE “Logged MDT Remaining Active Time” in UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMPLETE messages on NGAP

Proposal 3a (Alternative to Proposal 3): Define the entire “TRACE ACTIVATION” IE in UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMPLETE messages on NGAP which will include “Logged MDT Remaining Active Time” as its child IE.

Proposal 4: Define a new IE “Logged MDT Remaining Active Time” in the “TRACE ACTIVATION IE” on NGAP

Proposal 5: Add the “Trace Activation” IE in “Source NG-RAN Node to Target NG-RAN Node Transparent Container on NGAP
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