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1 Introduction
Only EN-DC related MDT configuration was prioritized during Rel-16. Further, M5/M6/M7 measurements in all the DRB configurations is not supported for EN-DC i.e., the MN terminated SCG/split bearer and SN terminated MCG/split bearer are not supported for EN-DC. During RAN2#111 meeting, it was agreed [1] that the M5/M6/M7 measurements for all bearer configurations will be studied in Rel17.
=>	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. 

This contribution aims to discuss different aspects of immediate MDT configuration in the DC deployment scenario. 
2 [bookmark: _Ref178064866]Discussion
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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 à MN CU-CP àMN DU
· For M6 measurements in MN terminated MCG bearer: MME à MN CU-CP àMN DU, MME à MN CU-CP àMN CU-UP, MME à MN CU-CP àUE
· For M7 measurements in MN terminated MCG bearer: MME à MN CU-CP àMN DU, MME à MN CU-CP àMN 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 à MN CU-CP à SN CU-CP à SN DU
· For M6 measurements in MN terminated MCG bearer: MME à MN CU-CP à SN CU-CP à SN DU, MME à MN CU-CP à SN CU-CP àSN CU-UP, MME à MN CU-CP à SN CU-CP àUE
· For M7 measurements in MN terminated MCG bearer: MME à MN CU-CP à SN CU-CP àSN DU, MME à MN CU-CP à SN CU-CP àSN CU-UP
1. [bookmark: _Toc61531801]For the MN terminated MCG bearer, all the MDT configurations are done by MN CU-CP.
1. [bookmark: _Toc61531802]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: _Toc61531803]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. 
2.1 M6 measurement related
One design principle maintained for MDT is that Node configuring MDT configuration should also receive the report from the UE. Thus, we discuss the configuration for M6 measurement using a bottom-up approach, i.e. we discuss the reporting aspects first.
2.1.1 UL PDCP packet delay (D1)
A part of M6 measurement is uplink PDCP delay received from the UE; defined as D1 measurement in TS 38.314 as:
PDCP Packet Delay in the UL per DRB. This measurement refers to PDCP queuing delay for DRBs in the UE, which captures the delay from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). The measurement is done separately per DRB.
From the definition, it is apparent that the delay is dependent on the UL grant from the network towards UE and thus can be optimized.  However, the optimization is done in DUs.
1. [bookmark: _Toc61531804]PDCP packet delay measurement in the uplink (D1) is dependent on the UL grant from the network towards UE and can be optimized by DU.
Thus, in a DC scenario, MN DU controls scheduling of all MCG bearers and SN DU controls scheduling of all SCG bearers, irrespective of their termination.
1. [bookmark: _Toc61531805]DU is responsible for scheduling of its bearers, irrespective of bearer termination.
4. [bookmark: _Toc61531806]MN DU is responsible for scheduling of all MCG bearers (MN/SN terminated).
4. [bookmark: _Toc61531807]SN DU is responsible for scheduling of all SCG bearers (MN/SN terminated).
From a report utilization point of view, D1 report for MCG bearers are useful in MN DU and SCG bearers are useful in SN DU. Thus, for MCG bearers, UE should report D1 measurement results to MN CU-CP and for SCG bearers, UE should report D1 measurement results to SN CU-CP.
[bookmark: _Toc61531811]For SN terminated MCG bearers, D1 measurement configuration is sent from the MN CU-CP to the UE and the UE reports the D1 delay measurement to the MN CU-CP.
[bookmark: _Toc61531812]For MN terminated SCG bearers, D1 measurement configuration is sent from the SN CU-CP to the UE and the UE reports the D1 delay measurement to the SN CU-CP.
2.1.1.1  D1 measurement in split bearer scenarios
For split bearer scenario, similar principle should be followed. However, it adds a new dimension to the problem since split bearer in principle, can have two associated D1 values from UE. In online discussion during RAN2#112-e meeting [Discussion number 804], companies have put forward their views on the issue. Three different options were discussed. 
1) One D1 measurement report from the UE
2) Two independent D1 measurement reports towards node hosting PDCP entity
3) Two independent D1 measurement reports, one each towards MN and SN 

The following section discuss those options and their potential impacts.
One D1 measurement report from the UE:
Some proposals indicated that only one D1 measurement report from the UE should be sufficient to capture the delay value in split bearer scenario. However, in PDCP duplication scenario, same packets would be transmitted towards both MN and SN, the argument referring to TS 38.323 doesn’t hold. Furthermore, Packet arrival process and scheduling process cannot be modelled as poisson process and theoretical solution of M/M/2 queues doesn’t hold.
1. [bookmark: _Toc61531808]Reporting one D1 measurement value from the UE doesn’t capture delays experienced in PDCP duplication scenario.
Two independent D1 measurement reports towards node hosting PDCP entity:
In this option, some companies proposed that UE should calculate two independent D1 measurement values and forward towards entity hosting PDCP entity. For example, for MN terminated split bearer, MN CU-CP would receive both D1 measurement report associated to packets sent in the UL over MCG and over SCG. The limiting factor is that SN CU-CP doesn’t get the report and potentially can’t aid SN-DU to improve its scheduling performance.
1. [bookmark: _Toc61531809]Reporting two D1 measurement towards node hosting PDCP entity (MN/SN) limits the other node (SN/MN) to optimize its performance.
Two independent D1 measurement reports, one each towards MN and SN:
In this option, UE sends two independent D1 measurement reports towards MN CU-CP and SN CU-CP wherein the D1 report sent towards MN CU-CP is associated to packets sent over MCG and the D1 report sent towards SN CU-CP is associated to packets sent over SCG. This allows for the individual CU-CPs to send the measurements towards respective DU(s), allowing for any optimization.
1. [bookmark: _Toc61531810]Reporting two D1 measurement towards MN and SN allows the network to optimize scheduling and thus improving the delay performance.
Based on the discussion, we think the third alternative, i.e. reporting separate D1 measurement values towards MN and SN is the optimal solution.
[bookmark: _Toc61531813]In MN terminated split bearer and SN terminated split scenarios, both the MN CU-CP and the SN CU-CP can configure the D1 measurement to the UE.
[bookmark: _Toc61531814]In MN terminated split bearer and/or SN terminated split scenarios, if the UE receives the D1 measurement configuration from the MN CU-CP then the UE reports D1 measurement values associated to packets sent over MCG to MN CU-CP.
[bookmark: _Toc61531815]In MN terminated split bearer and/or SN terminated split scenarios, if the UE receives the D1 measurement configuration from the SN CU-CP then the UE reports D1 measurement values associated to packets sent over SCG to SN CU-CP.
[bookmark: _Hlk53478971]
2.1.2 Further consideration in split bearer scenarios
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: _Toc47625103][bookmark: _Toc61531816]In the MN terminated split bearer scenarios, MN CU-UP includes an indication in the M6 MDT report(s) that indicates whether the packet duplication is enabled or not.
[bookmark: _Toc47625104][bookmark: _Toc61531817]In the SN terminated split bearer scenarios, SN CU-UP includes an indication in the M6 MDT report(s) that indicates whether the packet duplication is enabled or not.

2.2 Support of immediate MDT in (NG)EN-DC, NR-DC and NE-DC configurations
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. The configurations as supported for EN-DC are also applicable for other DC scenarios. 
[bookmark: _Toc47625105][bookmark: _Toc61531818]All the immediate MDT configurations and reporting in EN-DC scenario are also applicable for (NG)EN-DC, NR-DC and NE-DC.

Conclusion
In the previous sections we made the following observations: 
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	PDCP packet delay measurement in the uplink (D1) is dependent on the UL grant from the network towards UE and can be optimized by DU.
Observation 5	DU is responsible for scheduling of its bearers, irrespective of bearer termination.
a.	MN DU is responsible for scheduling of all MCG bearers (MN/SN terminated).
b.	SN DU is responsible for scheduling of all SCG bearers (MN/SN terminated).
Observation 6	Reporting one D1 measurement value from the UE doesn’t capture delays experienced in PDCP duplication scenario.
Observation 7	Reporting two D1 measurement towards node hosting PDCP entity (MN/SN) limits the other node (SN/MN) to optimize its performance.
Observation 8	Reporting two D1 measurement towards MN and SN allows the network to optimize scheduling and thus improving the delay performance.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For SN terminated MCG bearers, D1 measurement configuration is sent from the MN CU-CP to the UE and the UE reports the D1 delay measurement to the MN CU-CP.
Proposal 2	For MN terminated SCG bearers, D1 measurement configuration is sent from the SN CU-CP to the UE and the UE reports the D1 delay measurement to the SN CU-CP.
Proposal 3	In MN terminated split bearer and SN terminated split scenarios, both the MN CU-CP and the SN CU-CP can configure the D1 measurement to the UE.
Proposal 4	In MN terminated split bearer and/or SN terminated split scenarios, if the UE receives the D1 measurement configuration from the MN CU-CP then the UE reports D1 measurement values associated to packets sent over MCG to MN CU-CP.
Proposal 5	In MN terminated split bearer and/or SN terminated split scenarios, if the UE receives the D1 measurement configuration from the SN CU-CP then the UE reports D1 measurement values associated to packets sent over SCG to SN CU-CP.
Proposal 6	In the MN terminated split bearer scenarios, MN CU-UP includes an indication in the M6 MDT report(s) that indicates whether the packet duplication is enabled or not.
Proposal 7	In the SN terminated split bearer scenarios, SN CU-UP includes an indication in the M6 MDT report(s) that indicates whether the packet duplication is enabled or not.
Proposal 8	All the immediate MDT configurations and reporting in EN-DC scenario are also applicable for (NG)EN-DC, NR-DC and NE-DC.
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