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For immediate MDT, RAN2 has not completed all the measurements in R16 [1]:
 Agreements:
1	M5 ~ M7 do not apply to EN-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers in Rel-16. And this should be captured as a note in TS 37.320 Chapter 5.4.1.1.
In this contribution, we’d like to discuss the enhancements for M5/M6/M7 of immediate MDT in DC scenario.
Discussion
General Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For the immediate MDT of M5/M6/M7, the recorded nodes and the entities are different:
⁻	M5: Average UE throughout measurement separately for DL and UL, per DRB per UE and per UE for the DL, per DRB per UE and per UE for the UL, by gNB, see TS 28.552 [17]
⁻	M6: Packet Delay measurement separately for DL and UL, per DRB per UE, TS 28.552 [17] and TS 38.314 [18]
⁻	M7: Packet loss rate measurement separately for DL and UL, per DRB per UE, TS 28.552 [17] and TS 38.314 [18]
If the DC is applied, the configuration of immediate MDT of M5/M6/M7 should always be received by the MN and then send to the SN, therefore the coordination is needed for the configuration. After receiving the configuration, the gNB/UE will perform the measurement and collect the measurement result until each end of the measurement collection period. Then the measurement result could be reported to the TCE. If there is no QoS monitoring requirement, we consider the measurement result of different nodes does not to be merged, the measurement result could be reported directly from the network node in which collected it.
To analysis the measurement in detail, we discuss the measurement configuration and reporting for M5/M6/M7 respectively.
M5
M5 is Average UE throughout measurement separately for DL and UL, per DRB per UE and per UE for the DL, per DRB per UE and per UE for the UL, by gNB, the reference is only TS 28.552.
From TS28.552 we can see that for UL and DL UE throughout measurement, the collection entity is only NRCellDU, which means the measurement result only involves DU, the CU node or the PDCP entity does not take part in the measurement result collection. Therefore, whether it is DC scenario has no impact on the DU only measurement result collection, irrespective the bearer is split bearer or terminated in another node. Since there is only one collection node per bearer, the DU could directly report the measurement result to the TCE, the coordination between the MN and the SN is also not needed.
Proposal 1: If the collect entity only involves DU (MAC/RLC), DC scenario will have no impact on the recording and reporting of measurement result.
Proposal 2: Measurement of M5 will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
M6
M6 is the Packet Delay measurement separately for DL and UL, per DRB per UE, the reference are TS 28.552 and TS 38.314.
For all the RAN part of DL packet delay measurement comprises, the reference is TS 28.552:
- D1 (DL delay in over-the-air interface), referring to Average delay DL air-interface, the collection entity is NRCellDU.
- D2 (DL delay on gNB-DU), referring to Average delay in RLC sublayer of gNB-DU, the collection entity is NRCellDU.
- D3 (DL delay on F1-U), referring to Average delay on F1-U, the collection entity is GNBCUUP.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]- D4 (DL delay in CU-UP), referring to Average delay DL in CU-UP, the collection entity is GNBCUUP.
For all the RAN part (including UE) of UL packet delay measurement comprises:
- D1 (UL PDCP packet average delay), the collection entity is UE.
- D2.1 (average over-the-air interface packet delay), the collection entity is DU.
- D2.2 (average RLC packet delay), the collection entity is DU.
- D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U), the collection entity is CU(CU-UP).
- D2.4 (average PDCP re-ordering delay), the collection entity is CU(CU-UP).
Therefore, the average UL delay measurement involves CU, DU, F1-U and UE; and the average DL delay measurement involves CU, DU, F1-U.
For the UE side measurement, D1 is the only one measured by UE, and the configuration and reporting are performed based on the RRM measurement procedure. Therefore CU is the configuration and result collect node.
For D1 measurement of spilt bearer case:
For split bearer, the involved CU could configure the D1 measurement to the UE. Since the MN and the SN are both allowed to perform RRM measurement, the MN and SN can respectively configure the D1 measurements for different bearers. And also based on the RRM measurement, the UE will report the D1 result to the node which configured the measurement.
Proposal 3.1: For UE measurement of M6 UL, MN and SN can respectively configure the D1 measurements for different bearers. 
Proposal 3.2: UE reports the M6 UL D1 result to the node(s) which configured the measurement.
For D1 measurement of MN/SN terminated SCG/MCG bearer case:
For MN/SN terminated SCG/MCG bearer, the involved CU could configure the D1 measurement to the UE. Since the MN and the SN are both allowed to perform RRM measurement and the D1 is the PDCP queuing delay which has no difference to be recorded for MN or for SN, either the MN or SN can configure the D1 measurements. And also based on the RRM measurement, the UE will report the D1 result to the node which configured the measurement.
Proposal 4.1: For UE measurement of M6 UL, either MN or SN can configure the D1 measurements for the single bearer. 
Proposal 4.2: UE reports the M6 UL D1 result to the node which configured the measurement.
For other measurement of M6
For the network side measurement, all the delay measurements are performed in the network nodes (CU or CU-UP, DU of MN or SN) except the UL D1 measurement. Since the results are all needed for OAM/TCE, it is not mandatory to merge them in the RAN node and send to the CN. The report methods could be
- Option 1: Depend on the NW implementation; or
- Option 2: Merge the measurement result in the RAN node and then send to the OAM.
We thought the options are out of RAN2’s scope, and could be depend on RAN3’s decision.
Proposal 5: How the network nodes (CU or CU-UP, DU of MN or SN) send the UL/DL M6 measurement result to OAM is based on the NW implementation or is depend on RAN3’s decision that whether all parts of measurements should be first gathered to one of the RAN entity and then send to OAM.
The measurement result collected in DU will not be impacted by the DC scenario, but the measurement result collected in CU will be impacted. 
For example, the D4 measurement of DL delay in CU-UP will be reduced if the split bearer is configured:
· For split bearer, the packets could be sent via anyone of the two legs. If at least one leg has good channel quality, the whole packet delay will be reduced compared with the only one leg scenario;
· For duplication case, the result of packet delay could be reduced since the different legs could transmit the same packet which reduces the delay of all packets.
Therefore, for split bearer or for duplication case, a data marker could be introduced by CU to indicate whether the measurement result is collected in DC scenario, or by packet duplication. Whether and how to use the data marker could depend on the policy or implementation of the OAM.
Proposal 6: For the accuracy of the result, the M6 result with data marker (like DC indicator and/or duplication indicator) could be sent to the OAM by CU.
M7
M7 is Packet loss rate measurement separately for DL and UL, per DRB per UE, the reference of Packet loss rate about DL Uu transmission is TS 38.314, and the reference of Packet loss rate about UL/DL F1-U and about UL Uu transmission is TS 28.552. A table below illustrates all the possible Packet Loss Rates:
Table 1 Packet Loss Rate in UL/DL Uu or F1-U
	Packet Direction
	Sub-Name of M7
	Involved packet loss Measurement
	Involved Specification

	DL
	Packet Uu Loss Rate in the DL per DRB per UE
	in Uu transmission
	TS38.314

	
	DL F1-U Packet Loss Rate
	Only in F1-U
	TS28.552

	UL
	UL PDCP SDU Loss Rate
	in Uu transmission, in the gNB-CU and on the F1-U
	

	
	UL F1-U Packet Loss Rate
	Only in F1-U
	


Packet Uu Loss Rate in the DL per DRB per UE
For Packet Loss Rate about DL Uu transmission, the collection entity is RLC. It is described as the ratio of the lost RLC SDU and the total RLC SDU which have been transmitted over the air. 
Table 4.2.1.5.1-1: Definition for Packet Uu Loss Rate in the DL per DRB per UE
	Definition
	Uu Packet Loss Rate in the DL per DRB per UE. One packet corresponds to one RLC SDU. The measurement is done separately per DRB.
Detailed Definition:
, where
explanations can be found in the table 4.2.1.5.1-2 below.


Therefore for the statistic which only involves DU, DC scenario will have no impact on the recording and reporting of measurement result.
Proposal 7: Measurement of M7 packet loss rate of DL Uu transmission will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
DL F1-U Packet Loss Rate 
For DL F1-U Packet Loss Rate, the collection entity is DU. It is described as the ratio of the packets that are not delivered to lower layers, of a data radio bearer, and the Total number of DL GTP sequence numbers (also including missing sequence numbers) of a bearer. Since it only reflect ratio of the missing DL GTP sequence numbers, DC scenario will have no impact on the recording and reporting of measurement result.
And since the packet loss rates are all the requirement of SA5, there is no need to merge the measurement result in RAN node. The result collected in each node could be reported to the TCE respectively.
Proposal 8: Measurement of M7 packet loss rate of DL F1-U will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
UL PDCP SDU Loss Rate
For Packet Loss Rate about UL PDCP SDU in Uu, it is a measure of the UL packet loss including any packet losses in the air interface, in the gNB-CU and on the F1-U interface, the collection entity is CU.
	This measurement is obtained as:  1000000* Number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer, divided by Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer, starting from the sequence number of the first packet delivered by UE PDCP to gNB-CU-UP until the sequence number of the last packet.


The measurement result is collected in the PDCP layer and does not involve DU. For single leg bearer which also includes MN/SN terminated SCG/MCG bearer, the result can only be impacted by the channel quality of the specific leg; But
· For split bearer, the result maybe impact by the channel quality of the two paths. If one leg is much better than the other, the packet loss rate will be different compared with the only one leg scenario;
· For duplication case, the packet loss rate may be lower since the different legs could transmit the same packet which reduces the possibility of packet losing.
Therefore, for split bearer or for duplication case, a data marker could be introduced by CU to indicate whether the measurement result is collected in DC scenario or by packet duplication.
Proposal 9: For the accuracy of the result, measurement of M7 packet loss rate of UL PDCP SDU with data marker (like DC indicator and/or duplication indicator) could be sent to the OAM by CU.
UL F1-U Packet Loss Rate
It is a measure of the UL packet loss on the F1-U interface. The collection method is similar as the DL packet loss in the F1-U interface but the collection node is CU(CU-UP).
Since it only collects the packet loss of F1-U, it could be one part of the UL PDCP SDU Loss Rate. And since this packet loss rates is the requirement of SA5, the result could be reported to the TCE directly. DC scenario will have no impact on the recording and reporting of this measurement result.
Proposal 10: Measurement of M7 packet loss rate of UL F1-U will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
Conclusion
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For M5 measurement:
Proposal 1: If the collect entity only involves DU (MAC/RLC), DC scenario will have no impact on the recording and reporting of measurement result.
Proposal 2: Measurement of M5 will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
For M6 measurement:
For D1 measurement of spilt bearer case:
Proposal 3.1: For UE measurement of M6 UL, MN and SN can respectively configure the D1 measurements for different bearers. 
Proposal 3.2: UE reports the M6 UL D1 result to the node(s) which configured the measurement.
For D1 measurement of MN/SN terminated SCG/MCG bearer case:
Proposal 4.1: For UE measurement of M6 UL, either MN or SN can configure the D1 measurements for the single bearer. 
Proposal 4.2: UE reports the M6 UL D1 result to the node which configured the measurement.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For other measurement of M6
Proposal 5: How the network nodes (CU or CU-UP, DU of MN or SN) send the UL/DL M6 measurement result to OAM is based on the NW implementation or is depend on RAN3’s decision that whether all parts of measurements should be first gathered to one of the RAN entity and then send to OAM.
Proposal 6: For the accuracy of the result, the M6 result with data marker (like DC indicator and/or duplication indicator) could be sent to the OAM by CU.
For M7 measurement:
Proposal 7: Measurement of M7 packet loss rate of DL Uu transmission will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
Proposal 8: Measurement of M7 packet loss rate of DL F1-U will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
Proposal 9: For the accuracy of the result, measurement of M7 packet loss rate of UL PDCP SDU with data marker (like DC indicator and/or duplication indicator) could be sent to the OAM by CU.
Proposal 10: Measurement of M7 packet loss rate of UL F1-U will not be impacted by DC scenario, no matter for split bearer or for MN/SN terminated SCG/MCG bearer.
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