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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. 

Several of the immediate MDT related open issues were discussed in the RAN2-113 # 853 email discussion. This contribution aims to discuss different aspects of immediate MDT configuration in the DC deployment scenario that were not convergent in the aforementioned email discussion. 
2 [bookmark: _Ref178064866]Discussion
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)
2.1.1.1  D1 measurement in MN terminated SCG and SN terminated MCG bearers
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: _Toc68080647]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: _Toc68080648]DU is responsible for scheduling of its bearers, irrespective of bearer termination.
1. [bookmark: _Toc68080649]MN DU is responsible for scheduling of all MCG bearers (MN/SN terminated).
1. [bookmark: _Toc68080650]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.
In the email discussion RAN2-113 #853, companies seem to prefer the option of reporting the D1 measurement in MN terminated SCG bearer to MN CU and the D1 measurement in SN terminated MCG bearer to SN CU. See the excerpts from the email discussion below.
Company
Preferred option
Comments (e.g. pros/cons of options)
Qualcomm
Option1 
As previously agreed that coordination is needed between MN and SN for MN terminated SCG bearer and SN terminated MCG bearer, therefore, in my understanding reporting to the terminated node is the best solution.
Huawei, HiSilicon
Alt 1
As discussed in our previous RAN2 paper R2-2101696, the analysis is as below:

Pros of Alt 1: 
· It follows the same logic as option 2 for proposal 1 above
· It has less signalling overhead in Xn interface than Alt 2 because the corresponding node does not need to send the D1 results of UL to the node hosting the PDCP entity
· Similar as our comments for proposal 1, Alt 2 would need more RAN3 work than Alt 1

Ericsson
Alt2
Same reasoning as the previous question.
Nokia
Alt1
A node which hosts PDCP configures the UE.
vivo
Alt1
The terminating node is preferred.
CATT
Alt1
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. Therefore, if we have to choose one, we slightly perfer Alt 1.
ZTE
No strong view
I don’t have strong opinion on this,  either options require coordination between two node。
OPPO
Alt1


Summary:
Alt 1:	6 companies
Alt 2:	1 company
No strong view:	1 company

Summary Proposal 2: For MN terminated SCG bearer and SN terminated MCG bearer, the terminated node, e.g., MN in case of MN terminated SCG bearer,configures the configuration to UE.

In our understanding, this is not the correct method from the MDT point of view. Consider the EN-DC deployment scenario wherein the MN is an LTE node and SN is an NR node. This becomes obvious when we look at who (MN or SN) configures the DRB related information to the UE when the UE is in DC and whether all the information associated to DRB IDs are visible to both MN and SN. This is exemplified in the table below. We have given only EN-DC as the example.


	DC-Type
	Bearer type
	MN related DRB config
	SN related DRB config
	Visibility

	EN-DC
	MN terminated MCG bearer
	RRCConnectionReconfiguration  radioResourceConfigDedicated  drb-ToAddModList
	N/A
	

	EN-DC
	MN terminated SCG bearer
	N/A
	RRCConnectionReconfiguration nr-RadioBearerConfig1-r15  drb-ToAddModList
	OCTET STRING from MN perspective 

	EN-DC
	SN terminated MCG bearer
	RRCConnectionReconfiguration  radioResourceConfigDedicated  drb-ToAddModList
	N/A
	

	EN-DC
	SN terminated SCG bearer
	N/A
	RRCConnectionReconfiguration nr-RadioBearerConfig1-r15  drb-ToAddModList
	SN is completely blind to MCG DRB IDs



Based on the above table, it is clear that the MN is not aware of the DRB identities of the individual DRBs as configured by the SCG (they are OCTET STRING). SN generates the RadioBearerConfig that includes the DRB related configuration, and provides this information as part of the inter-node message (CG-Config). Since Rel-15, we have maintained the principle that the MN is not aware of the SCG DRB related DRB ids and SN is not aware of the MCG DRB related DRB ids.
RRCConnectionReconfiguration-v1510-IEs ::= SEQUENCE {
	nr-Config-r15					CHOICE {
		release							NULL,
		setup							SEQUENCE {
			endc-ReleaseAndAdd-r15	BOOLEAN,
			nr-SecondaryCellGroupConfig-r15	OCTET STRING				OPTIONAL,	-- Need ON
			p-MaxEUTRA-r15					P-Max						OPTIONAL	-- Need ON
		}
	}																	OPTIONAL,	-- Need ON
	sk-Counter-r15					INTEGER (0.. 65535)					OPTIONAL,	-- Need ON
	nr-RadioBearerConfig1-r15		OCTET STRING						OPTIONAL,	-- Need ON
	nr-RadioBearerConfig2-r15		OCTET STRING						OPTIONAL,	-- Need ON
	tdm-PatternConfig-r15			TDM-PatternConfig-r15			OPTIONAL,	-- Cond FDD-PCell
	nonCriticalExtension			RRCConnectionReconfiguration-v1530-IEs		OPTIONAL
}

CG-Config-IEs ::=                   SEQUENCE {
    scg-CellGroupConfig                 OCTET STRING (CONTAINING RRCReconfiguration)    OPTIONAL,
    scg-RB-Config                       OCTET STRING (CONTAINING RadioBearerConfig)     OPTIONAL,
    …
}

1. [bookmark: _Toc68080651]MN CU is not aware of the DRB IDs associated to SCG bearers. Only SN is aware of the DRB IDs associated to SCG bearers.
DRB id is an essential parameter that is part of the D1 measurement configuration associated to MDT. Based on this, it is not possible for the MN to configure D1 measurement associated to SCG bearers and for the SN to configure D1 measurement associated to MCG bearers.
1. [bookmark: _Toc68080652]It is not possible for the MN to configure D1 measurement associated to SCG bearers and for the SN to configure D1 measurement associated to MCG bearers.
Based on the above it is clear that the solution as captured in the #853 email discussion does not work although it has majority support. Therefore, we propose to go with alt-2 of the question-2 of #853 email discussion which are also provided below.
[bookmark: _Toc68080662]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: _Toc68080663]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.
2.1.1.2  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#113-e meeting [Discussion number 853], 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: _Toc68080653]Reporting one D1 measurement value from the UE doesn’t capture delays experienced in PDCP duplication scenario.
Further in the email discussion # 853, some companies have motivated that a single measurement fine as this suffices for computing the total delay measurement. However, one should not forget that the purpose of D1 measurement is not just for total RAN delay measurement for QoS monitoring but also for OAM performance observability. As we have mentioned before, the D1 is impacted by the UE implementation and the scheduler decision. So, if the OAM needs to get the visibility for the scheduler decision’s impact on the D1 delay, then UE needs to report two different D1 measurement.
1. [bookmark: _Toc68080654]The objective of D1 measurement is not just for the total RAN delay measurement for QoS monitoring but also for OAM performance observability. If the OAM needs to get the visibility of the scheduler decision’s impact on the D1 delay, then UE needs to report two different D1 measurement in split bearer deployments of DC scenarios.
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. In the below, we discuss a scenario where such a solution yields sub-optimal results
 [image: ]
[bookmark: _Ref67914746][bookmark: _Ref67914740]Figure 2: Two D1 reports sent to single node
In Figure 2, UE1 has MN terminated split bearer configured where gNB1 is MN and gNB2 is SN. UE2 and UE3 has gNB2 as only serving node. If O&M wants to configure M6 measurement in gNB2 for management-based MDT, it would configure CU-CP, CU-UP and DU of gNB2 only. CU-CP of gNB2 is not able to configure and collect report from UE1 according to option2, rather only can configure UE2 and UE3. However, gNB2-CU-UP and DU can configure all UEs to collect delay measurement results.
Hence, the results collected from gNB2 CU-CP, CU-CP, DU are difficult to correlate by O&M. Furthermore, to calculate delay performance results of gNB2, O&M needs to configure CU-CP of gNB1, which is not an optimal solution.
1. [bookmark: _Toc68080655]Reporting two D1 measurement towards node hosting PDCP entity (MN/SN) limits the O&M to gather comprehensive performance measurements from the other node (SN/MN).
Another 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: _Toc68080656]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: _Toc68080657]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: _Toc68080664]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: _Toc68080665]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: _Toc68080666]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]
2.1.1.2.1 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. This is also discussed in #853 email discussion and most companies seem to support the duplication status indication along with M6 measurement. However, since the rapporteur has mentioned that ‘it is proposed to discuss it’, we have still kept these proposals in our contribution.
[bookmark: _Toc47625103][bookmark: _Toc68080667]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: _Toc68080668]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 M5/M7 Measurements related
In email discussion #853, some companies are of the view that M5/M7 measurements for split-bearer, MN terminated SCG and SN terminated MCG bearer scenario needs to be calculated at the PDCP layer (thus CU-UP) to reduce computation overhead. In below, we try to highlight some of the limitations of calculating M5/M7 measurements at the PDCP layer.
2.2.1 M5 measurements
The CU-UP entity holding the PDCP layer is unaware if the DL packet has been delivered to UE or not. It is also unaware about the RLC buffer and data volume that is scheduled for the UE. Hence, it is not possible to calculate M5 measurements at the PDCP layer. On the other hand, it is not possible to calculate overall throughput for split-bearers at a single DU. In our view, a solution is to provide TCE with independent throughput values from respective DUs along with some additional information regarding duplication. TCE should be able to calculate the total throughput using the provided information.
1. [bookmark: _Toc68080658]CU-UP is not aware of whether the packet was actually delivered to the UE or not as this information is only available at the gNB-DU.
[bookmark: _Toc68080669]For the throughput measurements (M5) in split bearer configurations, the throughput is computed at individual DUs and sent to TCE.
Based on the agreements from RAN2#113 meeting, the CU-CP is already monitoring the total number of packets that are duplicated in a split bearer and uses this information to compute the total RAN delay.
Agreement:	
	For QoS monitoring related delay reporting to CN, ‘weighted average (consider the number of packets) over MN and SN’ is used to calculate the total delay measurement M6 over MCG/SCG for split bearers WITHOUT PDCP duplication.

1. [bookmark: _Toc68080659]In split bearer configurations, for delay measurement computation, the CU-UP is monitoring the percentage of packets that were duplicated and percentage of packets that were not duplicated.
If the CU-UP shares this information with the OAM, then the OAM can use this information to compute the overall throughput based on the throughput measurements received from the MN DU and the SU DUs. Further, we have included how this computation can be done in our contribution related to L2 measurement in [3].
1. [bookmark: _Toc68080660]Using the MN throughput and SN throughput measurements along with PDCP duplication status, the OAM can compute the overall throughput for the UE.
[bookmark: _Toc68080670]For throughput measurements (M5) in split bearer configurations, CU-UP indicates to the OAM the status of packet duplication during the measurement period.
2.2.2 M7 measurements
Packet loss rate measurements comprise of both Uu and F1 loss rates for DL and UL transmissions. For UL transmissions, packet loss rates can be calculated at CU-UP. However, for DL packets, CU-UP lacks the knowledge of transmitted/lost packets and this is possible to calculate in DUs. Therefore, we believe it is straightforward to keep this calculation at DU as per current framework. Each DU can calculate packet loss rate and send individual values to TCE along with some indication of duplication information. Like M5 measurements, TCE can compute packet loss rates with the provided information.
[bookmark: _Toc68080671]Packet Loss rate measurements (M7) are performed at DUs and sent to TCE.
Based on the agreements from RAN2#113 meeting, the CU-CP is already monitoring the total number of packets that are duplicated in a split bearer and uses this information to compute the total RAN delay.
If the CU-UP shares this information with the OAM, then the OAM can use this information to compute the overall packet loss rate based on the packet loss rate measurements received from the MN DU and the SU DUs. Further, we have included how this computation can be done in our contribution related to L2 measurement in [3].
1. [bookmark: _Toc68080661]Using the MN Uu packet loss rate and SN Uu packet loss rate measurements along with PDCP duplication status, the OAM can compute the overall Uu packet loss rate for the UE.
[bookmark: _Toc68080672]For the packet loss rate measurements in split bearer configurations, CU-UP indicates to the OAM the status of packet duplication during the measurement period.
2.3 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: _Toc68080673]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	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 2	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 3	MN CU is not aware of the DRB IDs associated to SCG bearers. Only SN is aware of the DRB IDs associated to SCG bearers.
Observation 4	It is not possible for the MN to configure D1 measurement associated to SCG bearers and for the SN to configure D1 measurement associated to MCG bearers.
Observation 5	Reporting one D1 measurement value from the UE doesn’t capture delays experienced in PDCP duplication scenario.
Observation 6	The objective of D1 measurement is not just for the total RAN delay measurement for QoS monitoring but also for OAM performance observability. If the OAM needs to get the visibility of the scheduler decision’s impact on the D1 delay, then UE needs to report two different D1 measurement in split bearer deployments of DC scenarios.
Observation 7	Reporting two D1 measurement towards node hosting PDCP entity (MN/SN) limits the O&M to gather comprehensive performance measurements from the other node (SN/MN).
Observation 8	Reporting two D1 measurement towards node hosting PDCP entity (MN/SN) limits the other node (SN/MN) to optimize its performance.
Observation 9	Reporting two D1 measurement towards MN and SN allows the network to optimize scheduling and thus improving the delay performance.
Observation 10	CU-UP is not aware of whether the packet was actually delivered to the UE or not as this information is only available at the gNB-DU.
Observation 11	In split bearer configurations, for delay measurement computation, the CU-UP is monitoring the percentage of packets that were duplicated and percentage of packets that were not duplicated.
Observation 12	Using the MN throughput and SN throughput measurements along with PDCP duplication status, the OAM can compute the overall throughput for the UE.
Observation 13	Using the MN Uu packet loss rate and SN Uu packet loss rate measurements along with PDCP duplication status, the OAM can compute the overall Uu packet loss rate for the UE.


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	For the throughput measurements (M5) in split bearer configurations, the throughput is computed at individual DUs and sent to TCE.
Proposal 9	For throughput measurements (M5) in split bearer configurations, CU-UP indicates to the OAM the status of packet duplication during the measurement period.
Proposal 10	Packet Loss rate measurements (M7) are performed at DUs and sent to TCE.
Proposal 11	For the packet loss rate measurements in split bearer configurations, CU-UP indicates to the OAM the status of packet duplication during the measurement period.
Proposal 12	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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