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1	Introduction
In the study item, “Study on RAN-centric data collection and utilization for LTE and NR (FS_LTE_NR_data_collect)”, Minimization of Drive Tests (MDT) is one of the use cases to be studied for NR and LTE enhancement. 
In RAN2 #105, the following high-level agreements were made pertaining to support of MDT in NR:

	Agreements of NR MDT:
 
      1.Logged MDT, immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline
      2.Logged MDT should also be supported for RRC_INACTIVE and RRC_IDLE. 
      3.Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT.



Since, the baseline agreements on NR MDT have been made now, we can discuss the dual connectivity aspects of MDT as well. In this paper, we discuss the details about the MDT support in different type of Dual connectivity scenarios and associated complexity, specifically: 
· Use case and benefits of MDT reporting in EN-DC. 
· EN-DC configuration and reporting 
· Support of MDT variants in EN-DC 

2	Discussion
Figure 1 below elaborates the multiple Architecture Options available in release 15. Currently, release 15 supports up to 7 Architecture options which includes both stand alone and non-stand alone scenarios. In this contribution, we would focus on the Architecture options supporting dual connectivity and potential support of MDT in those options, specifically: 

· Option 3: EN-DC
· Option 4: NE-DC 
· Option 7: NGEN-DC
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Fig. 1 Architecture Option in release 15



As part of MR-DC configuration, each UE is configured with two separate scheduled cell groups namely:

· Master Cell Group (MCG) 
· Secondary Cell Group (SCG) 

Master Cell Group (MCG) belongs to the master node called MN and Secondary cell Group belongs to the slave node (SN). Based on the MR-DC type, MN and SN could either be LTE cells or NR cells. 

Bearer Termination Options in MR-DC

An important aspect to understand in MR-DC is the bearer termination. Fig. 2 below shows the bearer types based on termination points. There are two types of bearer termination in MR-DC, namely: 

MN terminated bearer: in MR-DC, a radio bearer for which PDCP is located in the MN.
SN terminated bearer: in MR-DC, a radio bearer for which PDCP is located in the SN.
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Fig. 2 Bearer Termination in MR-DC


This is an important aspect since it would also decide how the network would configure the UE with MDT configuration in MR-DC scenarios.

MDT support in MR-DC 

When it comes to MDT support in dual connectivity scenarios, we need to start with a few basic considerations, specifically: 


· Visibility of DC configuration to the OAM and impact on MDT configuration.  
· Configuration of MDT configuration to UE via MN, SN or both
· Trigger type support in MDT for MR-DC

· Visibility of DC configuration to the OAM and impact on MDT configuration

Dual connectivity is need based and configured by the RAN nodes on case by case and UE support basis. OAM is aware about the support for dual connectivity in a specific RAN node but OAM does not have visibility about the dual connectivity configuration on individual UE. So, to support MDT configuration with dual connectivity, OAM needs to provide MDT configuration including configuration for secondary cell group (SCG) cells based on RAN support rather than support of individual UE. 

[bookmark: _Toc4686570]OAM is aware about the support for dual connectivity in a specific RAN node but OAM does not have visibility about the dual connectivity configuration on individual UE.

The simplest solution to this issue is that the OAM send an MDT configuration including dual connectivity if the RAN node supports dual connectivity. If the UE receives MDT configuration when it is configured with dual connectivity, it would apply the MDT configuration for secondary cell group (SCG) cells otherwise it would ignore the MDT configuration for secondary cell group (SCG) cells. 

OAM can include configuration for secondary cell group (SCG) in the MDT triggers for immediate MDT. 

UE only applies the configuration for secondary cell group (SCG) in the MDT triggers if it supports dual connectivity and is currently configured with a secondary cell group (SCG)

· Configuration of MDT configuration to UE via MN, SN or both

The next important aspect is how the MDT configuration with DC consideration is send to the UE. Before assessing the configuration option for MDT in MR-DC scenarios, it is important to assess the measurement quantities currently available in MDT for both logged and immediate MDT as shown in Table.2 below. 

Logged MDT only involves UE specific measurements, but Immediate MDT involves measurements from both UE and the RAN node, specifically measurements M4-M7 are specific to RAN node. 

[bookmark: _Toc4686571]Logged MDT only involves UE specific measurements, but Immediate MDT involves measurements from both UE and the RAN node, specifically measurements M4-M7 are specific to RAN node. 

Thus, specifically for Immediate MDT in MR-DC, we need to configure both RAN nodes contribute towards calculating the MDT measurements. 

Now, if we consider the options available to configure the MDT on UE in MR-DC scenarios, there are multiple options available: 

1. MDT configuration is always provided by MN
2. MDT configuration for MN is provided by MN and SN provides its respective configuration to the UE
3. Flexible approach for MDT configuration in DC scenarios where SN can be configured to provide MDT configuration based on network preference


The first option that the complete MDT configuration including dual connectivity aspect is always provided by MN is the simplest approach since it avoids the complexity to coordinate between MN and SN on which node would configure the MDT configuration for SN towards the UE. There are some potential issues in case of MN configuring reports for SN on UE including: 

· MN needs to provide MDT configuration for SN, potentially on another RAT, i.e NE-DC or EN-DC scenarios. The trigger conditions and the configuration parameters could be different in this case which needs to be supported by MN. 
· In case of SN terminated bearer, SRB is terminated directly on the SN so in this case, the measurements M4-M7 needs to be specifically measured at SN since the PDCP for SN is separate from MN. If the SN need to report these measurements to MN always, it involves extra overhead in MN-SN signaling and coordination. It might be applicable in split bearer scenario that part of M4-M7 can be measured in the MN since the PDCP is located in MN but then we need to have a separate implementation for both split bearer and SN terminated bearer. 



[bookmark: _Toc4686572]If MDT configuration is always provided by MN, there is no coordination requirement between MN and SN regarding which node would configure the MDT configuration for SN.
[bookmark: _Toc4686573]If MDT configuration is always provided by MN, 
· [bookmark: _Toc4686574]MN needs to provide MDT configuration for the SN, potentially on another RAT
· [bookmark: _Toc4686575]In case of SN terminated bearer, SRB is terminated directly on the SN so in this case, the measurements M4-M7 needs to be specifically measured at SN since the PDCP for SN is separate from MN.
· [bookmark: _Toc4686576]Requires a separate implementation for both split bearer and SN terminated bearer. 

The second and third option provides more flexibility in terms of MN and SN coordination and also cover the scenario of SN terminated bearer measurements. In this case, MN and SN can perform MDT measurements independently but at the cost of more complexity in terms of MN-SN coordination for MDT configuration and also sharing SN MDT reports with MN. 

[bookmark: _Toc4686577]MDT configuration by both MN and SN covers both the split bearer and SN terminated bearer scenario and also provides more flexibility to independently configure MDT reports for MN and SN.

In case of only MN providing configuration for both MN and SN, MN needs to coordinate with SN for collecting measurements M4-M7 in case of SN terminated bearer while it would receive the measurements M1, M2, M3m M8 and M9 directly from the UE. This would extra complexity since depending on if it is split bearer or SN terminated bearer, MN needs to collect different measurements from SN and then merge it into measurements received for SN from UE. 

[bookmark: _Toc4686578]In case of SN terminated bearer with MN only configuring MDT, MN needs to collect multiple MDT measurements from SN and then merge it into measurements received for SN from UE to generate the complete SN report. 

Thus, only MN configuring MDT configuring for SN would involve significant coordination effort between MN and SN for MDT reports along with the complexity to merge the MDT measurements for SN from UE. 


In case, only MN receive the MDT trigger and the UE is configured with MR-DC, MN should be able to forward the MDT configuration to SN. 

In case only MN receive the MDT trigger and the UE is configured with MR-DC, MN should be able to forward the MDT configuration to SN.

· Trigger type support in MDT for MR-DC

Another aspect to consider is the support for SN related measurements during logged measurements. First a brief overview of the types of MDT based on RRC state. 

MDT types based on RRC states: Logged MDT and Immediate MDT 
In general, there are two types of MDT measurement logging, i.e., Logged MDT and Immediate MDT. 
2.3 Logged MDT
A UE is configured to perform periodical MDT logging during RRC_IDLE state after receiving the MDT configurations from the network. The UE shall report the DL pilot strength measurements (RSRP/RSRQ) together with time information, detailed location information if available, and WLAN, Bluetooth to the network using the UE information framework when it moves back to RRC_CONNECTED state. The DL pilot strength measurement of Logged MDT is collected based on the existing measurements required for cell reselection purpose, without imposing UE to perform additional measurements. 

Table 1. The measurement logging for Logged MDT
	MDT mode
	RRC states
	Measurement quantities

	Logged MDT
	RRC_IDLE
	RSRP and RSRQ of the serving cell and available UE measurements for intra-frequency/inter-frequency/inter-RAT, time stamp and detailed location information if available.



2.4 Immediate MDT
Measurements for Immediate MDT purpose can be performed by RAN and UE. There are a number of measurements (M1-M9 defined in TS 37.320 [2]) which are specified for RAN measurements and UE measurements.  For UE measurements, the MDT configuration is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information.

The measurement quantities for Immediate MDT are shown in the table below.


Table 2. The measurement quantities for Immediate MDT
	MDT mode
	RRC states
	Measurement quantities

	Immediate MDT
	RRC_CONNECTED
	M1: RSRP and RSRQ measurement by UE.
M2: Power Headroom measurement by UE.
M3: Received Interference Power measurement by eNB.
M4: Data Volume measurement separately for DL and UL, per QCI per UE, by eNB.
M5: Scheduled IP Throughput for MDT measurement separately for DL and UL, per RAB per UE and per UE for the DL, per UE for the UL, by eNB.
M6: Packet Delay measurement, separately for DL and UL, per QCI per UE, see UL PDCP Delay, by the UE, and Packet Delay in the DL per QCI, by the eNB.
M7: Packet Loss rate measurement, separately for DL and UL per QCI per UE, by the eNB.
M8: RSSI measurement by UE.
M9: RTT measurement by UE.




Currently, the UE only measures on the MN cell when it is in Inactive or Idle state so the SN configuration during logged measurements does not add any value. 

[bookmark: _Toc4686579]UE only measures on the MN cell when it is in Inactive or Idle state so the SN configuration during logged measurements does not add any value. 

On the other hand, UE can measure the SN measurements during connected state so MR-DC measurements in immediate MDT should be supported. 

MDT configuration including SN related measurements is not support for logged MDT. 
In MR-DC with immediate MDT, both MN and SN separately provides MDT configuration to the UE and receive MDT reports from the UE. 
In MR-DC with immediate MDT, UE should be able to receive separate configuration for MN and SN. 
In MR-DC with immediate MDT, UE should be able to provide separate MDT reports for MN and SN either over SRB1/2 or SRB3. 

Based on the above considerations, we would assess the multiple DC scenarios for release 15 below. 

2.1 Option 3 (aka EN-DC)

This option involves support for configuration of MDT in both E-UTRA (master cell) and NR (secondary cell) simultaneously, with trigger coming from EPC. Since, the trigger is coming from EPC and we already have standardized procedure defined for MDT trigger, the only delta in the MDT trigger would be to add MDT configuration for secondary cell groups which in this case would be for NR cell. 


[bookmark: _Toc4686580]Option 3 involves a delta in the MDT trigger to add MDT configuration for NR secondary cell groups
From reporting point of view, UE also needs to enhanced the MDT report to include measurements for secondary cell group. 

[bookmark: _Toc4686581]Option 3 involves a delta in the MDT report to add MDT measurements for NR secondary cell groups. 
 

Enhance the E-UTRA MDT configuration and MDT report to include configuration for NR secondary cell group.  


2.2 Option 4 (aka NE-DC) 

This option involves support for configuration of MDT in both NR (master cell) and E-UTRA (secondary cell) simultaneously, with trigger coming from 5GC. This option is a more natural step to start in terms of DC scenario support since it is an evolution of the current standardization activity for MDT in 5GC and NR as a priority. 

[bookmark: _Toc4686582]NE-DC is a natural step to start in terms of DC scenario support since it is an evolution of the current standardization activity for MDT in 5GC and NR as a priority. 

Since, the secondary cell group in case of NE-DC would be E-UTRA cell/cells, there would no beam specific information that needs to be included in MDT configuration but rather the release 14 specification of MDT configuration for E-UTRA cell could be reused. 

Enhance the NR MDT configuration and MDT report to include configuration for E-UTRA secondary cell group.  
Reuse the release 14 specification of MDT configuration for E-UTRA secondary cell group cells. 


2.3  Option 7 (aka NGEN-DC)
  
This option is unique in the sense that it covers 5G core as well as E-UTRA which complicates in the sense that we cannot reuse the 5GC MDT triggers agreed for NR since it would contain beam specific configuration as well as the legacy LTE mechanism cannot be used since that is based on EPC. Thus, this option requires to first standardize the MDT mechanism for option 5 (LTE connected to 5GC) and then the dual connectivity scenario. Since, option 5 comes together with LTE, it should be treated once the MDT mechanism is standardized. 

[bookmark: _Toc4686583]For option 5, we cannot reuse the 5GC MDT triggers agreed for NR since it would contain beam specific configuration as well as the legacy LTE mechanism can not be used since that is based on EPC.

[bookmark: _Toc4432822][bookmark: _Toc4531513]MDT mechanism for Option 7 should be considered after concluding MDT for option 5. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	OAM is aware about the support for dual connectivity in a specific RAN node but OAM does not have visibility about the dual connectivity configuration on individual UE.
Observation 2	Logged MDT only involves UE specific measurements, but Immediate MDT involves measurements from both UE and the RAN node, specifically measurements M4-M7 are specific to RAN node.
Observation 3	If MDT configuration is always provided by MN, there is no coordination requirement between MN and SN regarding which node would configure the MDT configuration for SN.
Observation 4	If MDT configuration is always provided by MN,
	MN needs to provide MDT configuration for the SN, potentially on another RAT
	In case of SN terminated bearer, SRB is terminated directly on the SN so in this case, the measurements M4-M7 needs to be specifically measured at SN since the PDCP for SN is separate from MN.
	Requires a separate implementation for both split bearer and SN terminated bearer.
Observation 5	MDT configuration by both MN and SN covers both the split bearer and SN terminated bearer scenario and also provides more flexibility to independently configure MDT reports for MN and SN.
Observation 6	In case of SN terminated bearer with MN only configuring MDT, MN needs to collect multiple MDT measurements from SN and then merge it into measurements received for SN from UE to generate the complete SN report.
Observation 7	UE only measures on the MN cell when it is in Inactive or Idle state so the SN configuration during logged measurements does not add any value.
Observation 8	Option 3 involves a delta in the MDT trigger to add MDT configuration for NR secondary cell groups
Observation 9	Option 3 involves a delta in the MDT report to add MDT measurements for NR secondary cell groups.
Observation 10	NE-DC is a natural step to start in terms of DC scenario support since it is an evolution of the current standardization activity for MDT in 5GC and NR as a priority.
Observation 11	For option 5, we cannot reuse the 5GC MDT triggers agreed for NR since it would contain beam specific configuration as well as the legacy LTE mechanism can not be used since that is based on EPC.

Based on the discussion in the previous sections we propose the following:

Proposal 1 OAM can include configuration for secondary cell group (SCG) in  the MDT triggers for immediate MDT. 
Proposal 2 UE only applies the configuration for secondary cell group (SCG) in the MDT triggers if it supports dual connectivity and is currently configured with a secondary cell group (SCG)
[bookmark: _Toc4531260]Proposal 3  In case only MN receive the MDT trigger and the UE is configured with MR-DC, MN should be able to forward the MDT configuration to SN.
Proposal 4 MDT configuration including SN related measurements is not support for logged MDT. 
Proposal 5 In MR-DC with immediate MDT, both MN and SN separately provides MDT configuration to the UE and also receive MDT reports from the UE. 
Proposal 6 In MR-DC with immediate MDT, UE should be able to receive separate configuration for MN and SN. 
Proposal 7 In MR-DC with immediate MDT, UE should be able to provide separate MDT reports for MN and SN either over SRB1/2 or SRB3. 
Proposal 8 Enhance the E-UTRA MDT configuration and MDT report to include configuration for NR secondary cell group.  
Proposal 9 Enhance the NR MDT configuration and MDT report to include configuration for E-UTRA secondary cell group.  
Proposal 10 Reuse the release 14 specification of MDT configuration for E-UTRA secondary cell group cells. 
Proposal 11 MDT mechanism for Option 7 should be considered after concluding MDT for option 5
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