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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In Rel-16, immediate MDT is supported for EN-DC scenario but not applicable for other MR-DC cases. Besides. M5~M6 are can only be applied to MCG/SCG bearers, how to support the SN terminated MCG/split bearers and MN terminated SCG/split bearers was postpone to Rel-17 [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.


At the first meeting (RAN2#111-e) of Rel-17, the following was agreed [2]:
	=> 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.


[bookmark: _Hlk54100805]In this contribution, we would like to study the support of immediate MDT in MR-DC scenario and the applications in MR-DC for M5~M7.
2. Discussion
2.1. Support of immediate MDT in MR-DC
Immediate MDT in EN-DC is supported in Rel-16, UE can be configured with immediate MDT in CONNECTED state, where the configurations are independently configured by MN and SN. As far as we are concerned, no issues are foreseen if RAN2 to support immediate MDT in MR-DC with the same principle applied for EN-DC. 
[bookmark: _Ref53761969]The principle applied for immediate MDT in EN-DC can be reused for the support in other MR-DC cases. 
For signalling-based and management-based immediate MDT in EN-DC, the configurations are provided by MME and OAM respectively as described in TS 37.320 [3]. 
	In signalling based immediate MDT, MME provides MDT configuration for both MN and SN towards MN including multi RAT SN configuration, specifically E-UTRA and NR MDT configuration. MN then forwards the NR MDT configuration towards SN (EN-DC scenario, SN is always NR).
In management-based immediate MDT, OAM provides the MDT configuration to both MN and SN independently. For both MN and SN, Management based MDT should not overwrite signalling based MDT.


The same principle for configuration distribution can also be applied for MR-DC. For example, in signalling-based immediate MDT, AMF provides MDT configurations for both MN and SN; in management-based immediate MDT, OAM provides the MDT configuration to both MN and SN independently.
However, an issue is identified for the MDT configurations of signalling-based immediate MDT. In EN-DC, MME provides two different MDT configurations for MN and SN, respectively. The issue is, in NR-DC, whether the AMF should follow the legacy procedure to deliver two different configurations for both MN and SN, or only deliver the same configuration for both MN and SN. From our perspective, this scenario is similar to the measurement configurations sent to UE in MR-DC, without the optimization purposes for SON. Both MN and SN will configure an independent measurement configuration to UE even that the MN and SN are of the same RAT. Consequently, we believe it is still necessary for the AMF to deliver two MDT configurations for both MN and SN in the case of NR-DC, NE-DC and NGEN-DC. 
[bookmark: _Ref54258594]RAN2 to agree the following text proposal for the support of signalling-based and management-based immediate MDT in MR-DC.
	*<Text Proposal for NR-DC, NE-DC and NGEN-DC>*
In signalling based immediate MDT, AMF provides MDT configuration for both MN and SN towards MN including multi RAT SN configuration. MN then forwards the NR MDT configuration towards SN.
In management-based immediate MDT, OAM provides the MDT configuration to both MN and SN independently. For both MN and SN, Management based MDT should not overwrite signalling based MDT.


Since RAN3 is also involved in the configuration process, an LS should be sent to RAN3 for further confirmation on this issue, therefore we propose:
[bookmark: _Ref54099547]LS to RAN3 that RAN2 agrees to support immediate MDT in MR-DC and confirm the solution for the support of signalling-based and management-based immediate MDT in MR-DC.
2.2. Support of M5~M7 in MR-DC
The discussion for the support of M5~M7 consists of two parts, i.e., configuration and measurement collection. At RAN2#111-e meeting, [4] proposed the configuration principles for M5~M7 and the specific solutions for MN terminated SCG bearer / SN terminated MCG bearer / MN terminated split bearers / SN terminated split bearers, respectively. In this section, we would like to focus on the solutions for the measurement collection on M5~M7.  


Figure 1: SN terminated MCG/split bearers and MN terminated SCG/split bearers
The M5 ~ M7 Measurements in LTE are defined as follows [5]:
	-	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, see TS 36.314 [13]. QCI values of the RABs that have contributed to a measurement value are logged with the measurement values.
-	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, TS 36.314 [13].
NOTE:	If the UE does not detect any UL PDCP delay based on the delay threshold and delay report interval configured by the network, the UE does not report any UL PDCP delay measurement within that period.
-	M7: Packet Loss rate measurement, separately for DL and UL per QCI per UE, by the eNB, see Packet Loss rate in the UL and Packet Uu Loss rate in the DL TS 36.314 [13].


The M5 ~ M7 Measurements in NR are defined as follows [6]:
	⁻	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]



2.2.1. Discussion on M5
In LTE, M5 is counted at PDCP level [5], while in NR, the throughput is calculated at the RLC level [7]. In this sub-section, we will first discuss the support for MN terminated SCG bearers and SN terminated MCG bearers, and then try to deal with the MN/SN terminated split bearers.
MN terminated SCG bearers and SN terminated MCG bearers
We can see from Figure 1 that for MN terminated SCG bearers and SN terminated MCG bearers, the DL packets are transferred via the following routes (yellow lines):
· MN terminated SCG bearers: MN PDCP  SN RLC  SN MAC; 
· SN terminated MCG bearers: SN PDCP  MN RLC  MN MAC.
In the case of NR-DC, clearly that the DL M5 of MN terminated SCG bearers will be calculated at SN RLC, whereas the DL throughput of SN terminated MCG bearers will be calculated at MN RLC.
But in the case of EN-DC and NE-DC, it is unclear how to calculate the DL M5 of these bearers. Take the EN-DC case as an example, the DL M5 of MN terminated SCG bearer can be calculated at MeNB PDCP, or be calculated at SgNB RLC, both options are feasible. But the issue arises for the DL M5 of SN terminated MCG bearer. Noticeably that it is the RLC sublayer, instead of the PDCP sublayer, to perform the functionality of M5 in SgNB; and vice versa for MeNB. However, the SN terminated MCG bearers are passed through SN PDCP to MN RLC, where neither of the nodes is able to calculate the corresponding throughput. The same issue also applies to NE-DC case.
Observation 1 [bookmark: _Ref53777095]Current description of M5 cannot be applied to EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers due to the calculation inability for throughput at eNB RLC or gNB PDCP.
Two options are given below for the support of the calculation:
· Option 1: the DL M5 is calculated by eNB RLC for EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers;
· Option 2: the DL M5 is calculated by gNB PDCP for EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers.
Both options are feasible, however, option 1 is not backward-compatible and thus would impact the deployed eNBs. In that sense, we prefer option 2. Table 1, which lists the node that performs the calculation of throughput in MR-DC scenarios, is given for the convenience of illustration. 
Table1: The node that performs the calculation of M5 in MR-DC scenarios for MN terminated SCG bearers and SN terminated MCG bearers (DL)
	
	MN terminated SCG bearers
	SN terminated MCG bearers

	EN-DC
	Performed by MeNB PDCP
	Performed by SgNB PDCP

	NR-DC
	Performed by MgNB PDCP
	Performed by SgNB PDCP

	NE-DC
	Performed by MgNB PDCP
	Performed by SeNB PDCP


As a consequence, M5 can be applied to MN terminated SCG bearers and SN terminated MCG bearers if the throughput is calculated on PDCP level, with the assumption that no throughput restriction is placed on X2/Xn or F1-U interfaces. By the same token, if the same modification applies (M5 is calculated on PDCP level) for UL, then there are also no issues identified for MN terminated SCG bearers and SN terminated MCG bearers.
[bookmark: _Ref54099565]M5 is calculated on PDCP level for MR-DC MN terminated SCG bearers and SN terminated MCG bearers.

MN/SN terminated split bearers
MN/SN terminated split bearers can choose either of the RLC legs (green lines in Figure 1) for transmission based on the relationship between the data volume to be transferred and the pre-configured threshold ul-DataSplitThreshold. Possibly that both MN and SN account for a proportional of the total throughput for a certain type of bearer in DL, if the data volume is no less than ul-DataSplitThreshold. 
Split bearers can be considered to have the characteristics of both MN terminated SCG bearers and SN terminated MCG bearers. The solution proposed above for MN terminated SCG bearers and SN terminated MCG bearers can also be applied for split bearers. Morever, if the above proposal is agreeable, the throughput of MN/SN terminated split bearers will be calculated at MN/SN PDCP, regardless of which of the RLC legs are used for packet transmissions. Evidently, the information exchange between MN and SN is not necessary in this case, which further simplifies the calculation of M5.
Observation 2 [bookmark: _Ref53777104]The throughput estimation coordination between MN and SN is not necessary for MN/SN terminated split bearers, which further simplifies the calculation of M5.
[bookmark: _Ref54275482][bookmark: _Ref54099576]M5 is calculated on PDCP level for MR-DC MN/SN terminated split bearers.
2.2.2. Discussion on M6
In LTE [5], the DL delay is measured by the eNB involving PDCP, RLC and MAC; the UL delay is measured by UE involving PDCP and RLC. In NR [6], the DL delay is measured by the gNB including CU-UP/DU [7]. The UL delay is measured by the gNB and UE. 
In this sub-section, we will first discuss the support for MN terminated SCG bearers and SN terminated MCG bearers, and then try to deal with the MN/SN terminated split bearers.
MN terminated SCG bearers and SN terminated MCG bearers
a) Downlink
For the sake of brevity, we first take the DL delay measurement in NR-DC as an example. Each part of the DL delay measurement for MN terminated SCG bearers and SN terminated MCG bearers can be calculated as:
· MN terminated SCG bearers: MN CU-UP (D4)  SN CU-UP (DX2/Xn)  SN DU (D3+D2)  UE (D1); 
· SN terminated MCG bearers: SN CU-UP (D4)  MN CU-UP (DX2/Xn)  MN DU (D3+D2)  UE (D1);
where DX2/Xn is the additional delay induced by X2/Xn interface, and D1~D4 are the delay parameters for the RAN part [6]:
· D1 is the DL delay in over-the-air interface;
· D2 is the DL delay in gNB-DU;
· D3 is the DL delay on F1-U;
· D4 is the DL delay in CU-UP;
Note that the current DL delay measurement (M6) for the MCG/SCG bearers are given as the sum of D4, D3, D2 and D1, and the total delay for MN terminated SCG bearers and SN terminated MCG bearers comprises of D4, D3, D2, D1 and DX2/Xn, clearly the legacy definition of M6 cannot be applied to MN terminated SCG bearers and SN terminated MCG bearers. To support M6 for these bearers, the inclusion of DX2/Xn in the definition of DL delay measurement is needed. Note that even for EN-DC/NE-DC scenarios, the delay DX2/Xn still exists and should be included in DL M6.
In any manner, there should be some coordination such as information exchange between MN and SN, so that the node performs the final calculation is able to take into account the delay value measured by another node.
[bookmark: _Ref54099593]The delay DX2/Xn induced by X2/Xn interface should be included in DL M6 for MR-DC MN terminated SCG bearers and SN terminated MCG bearers. Besides, the delay estimation coordination on the RAN part between MN and SN is also needed.
Besides, the delay over F1-U interface should also be taken into account in EN-DC (for MN terminated SCG bearer only) and NE-DC (for SN terminated MCG bearer only) for DL M6, as the DL delay in E-UTRAN does not include F1-U related measurements. Therefore we propose: 
[bookmark: _Ref54300342]The delay over F1-U interface (D3) should be included in DL M6 for EN-DC MN terminated SCG bearer and NE-DC SN terminated MCG bearer.
b) Uplink
Note that for UL, the delay in E-UTRAN only involves UE PDCP and RLC, whereas the delay in NR involves not only gNB but also UE. Therefore, for EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers, the UL delay is only calculated within UE, where the legacy definition still applies.
But for EN-DC MN terminated SCG bearers and NE-DC SN terminated MCG bearers, the UL delay is calculated by both gNB and UE. Consequently, the DX2/Xn due to the X2/Xn interface located at gNB should be included. 
[bookmark: _Ref54300354]M6 in UL can be directly applied for EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers.
[bookmark: _Ref54300364]The delay DX2/Xn induced by X2/Xn interface should be included in UL M6 for EN-DC MN terminated SCG bearers and NE-DC SN terminated MCG bearers.

MN/SN terminated split bearers
Unlike the MCG/SCG bearers and the MN terminated SCG bearers and SN terminated MCG bearers, the transmission routes for the MN/SN terminated split bearers are uncertain. Follow the same analysis we did for M5, one can see that this further brings the ambiguity for the calculation of delay measurement M6. Hence the DL delay estimation coordination on the RAN part of the delay (D3+D2+D1) between MN and SN is necessarily required for MN/SN terminated split bearers, in addition to the newly introduced delay DX2/Xn.
By way of illustration, the DL delay measurement (DL M7) for MN terminated split bearers in NR-DC during the measurement period T can be calculated as:
DL delay measurement  = Max(Dprimary leg, Dsecondary leg)/T
where Dprimary leg represents the total delay of the packets transferred via the primary leg, and Dsecondary leg represents the total delay of the packets transferred via the secondary leg. Further, 
· Dprimary leg = D4 (measured by MN) + DX2/Xn (by MN or SN) + D3+{D2+D1} (by SN);
· Dsecondary leg = D4 (measured by SN) + DX2/Xn (by MN or SN) + D3+{D2+D1} (by MN);
The calculation for this parameter (DL M7) can be either done at MN or SN. In any manner, there should be some coordination such as information exchange between MN and SN, so that the node performs the final calculation is able to take into account the delay value measured by another node.
Note that both the DX2/Xn and the coordination procedure are needed for the EN-DC and NE-DC sceanrios, we can draw the conclusion that: The delay DX2/Xn induced by X2/Xn interface should be included in DL M6 for MR-DC MN/SN terminated split bearers. Besides, the delay estimation coordination on the RAN part between MN and SN is also needed. Since split bearers can be considered to have the characteristics of both MN terminated SCG bearers and SN terminated MCG bearers. Similar to the above discussion for MN terminated SCG bearers and SN terminated MCG bearers, we can easily obtain the same conclusion for UL, therefore we propose:
[bookmark: _Ref54300372]The delay DX2/Xn induced by X2/Xn interface should be included in M6 (both DL and UL) for MR-DC MN/SN terminated split bearers. Besides, the delay estimation coordination on the RAN part between MN and SN is also needed.
2.2.3. [bookmark: _Ref53761936]Discussion on M7
In LTE [5], the packet loss rate is calculated at PDCP SDU level by eNB for both DL and UL. In NR [6], the packet loss rate in DL is calculated at gNB RLC, while in UL is calculated by both UE and gNB. 
MN terminated SCG bearers and SN terminated MCG bearers
a) NR-DC case
For illustration purposes, we first take the DL packet loss rate in NR-DC as an example. The specific definition for packet Uu loss rate in the DL per DRB per UE is given below:
Table2: Definition for Packet Uu Loss Rate in the DL per DRB per UE (TS 38.314 [6], Table 4.2.1.5.1-1) 
	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.


We can see that the DL packet Uu loss occurs between the transmission procedure from DU (RLC sublayer) to UE. The packets lost on Xn and F1-U interfaces will not be delivered to RLC sublayer, thus will not be counted as part of the measurement. In other words, the transmission status on Xn and F1-U interfaces has no impact on M7. We can observe that, the packet Uu loss rate in DL can be directly applied to MN terminated SCG bearers and SN terminated MCG bearers.
Observation 3 [bookmark: _Ref54099657]The transmission status on Xn and F1-U interfaces has no impact on M7 in NR-DC.
Observation 4 [bookmark: _Ref54099612]M7 in DL can be directly applied to NR-DC MN terminated SCG bearers and SN terminated MCG bearers.
Distinguished from the DL Uu packet loss rate which only contains the packet losses in the air interface, the UL packet loss includes any packet losses in the air interface, in the gNB-CU and on the F1-U interface [6]. The calculation of the parameter involves Uu interface, Xn interface and F1-U interface for all the bearers except for MCG/SCG bearers. As a consequence, we need to take the Xn and F1-U packet losses into consideration. That is to say, the packet losses estimation coordination on Xn and F1-U interfaces between MN and SN is needed for MN terminated SCG/split bearers and SN terminated MCG/split bearers. In this way, the total number of the lost packets for the concerned bearer can be counted completely during the entire measurement process. 
From our perspective, the packet loss on the Xn and F1-U interface can be negligible, as the transmissions are based on physical cables instead of a volatile wireless network. However, this falls within the scope of RAN3, so we would like to keep this potential factor and leave it to RAN3 for further discussion.
Observation 5 [bookmark: _Ref54099632]M7 in UL can be applied to NR-DC MN terminated SCG/split bearers and SN terminated MCG/split bearers with the packets lost estimation coordination on Xn and F1-U interfaces between MN and SN.
b) EN-DC/NE-DC cases
Different from NR-DC, the issue becomes complex when it comes to EN-DC and NE-DC scenarios for either UL or DL. Intuitively, after all the analyses we have done previously for NR-DC, that we can foresee the M7 requires the packet loss estimation on X2/Xn and F1-U interfaces for the concerned bearer. 
For consistency and simplicity, we prefer calculating the packet loss rate (either in DL or UL) for MR-DC MN terminated SCG bearers and SN terminated MCG bearers at the PDCP level, similar to what we proposed for M5. By this means, the calculation of M7 for MN terminated SCG bearers and SN terminated MCG bearers is merely based on PDCP sublayer, regardless of the transmission status on X2/Xn. For instance, the packet loss rate of EN-DC MN terminated SCG bearers will be measured by MN, and the packet loss rate of EN-DC SN terminated MCG bearers will be done by SN. No information exchange is needed, both of the measurements can be easily done within the same node. Therefore we propose:
[bookmark: _Ref54300395]M7 is calculated on PDCP level for MR-DC MN terminated SCG bearers and SN terminated MCG bearers.

MN/SN terminated split bearers
The solution proposed above for MN terminated SCG bearers and SN terminated MCG bearers can also be applied for split bearers. With this solution, the same benefit that no coordination is required between MN and SN can also be achieved, as well as for great simplicity.
Thus, we propose:
[bookmark: _Ref54300403]M7 is calculated on PDCP level for MR-DC MN/SN terminated split bearers.

2.2.4. Short Summary 
Based on the above analysis, we believe the coordination between MN and SN is indispensable for the support of M6 for MR-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers. RAN3 is responsible for specifying the solutions to support the coordination, thus we propose:
[bookmark: _Ref54099642]Send an LS to RAN3, kindly ask RAN3 for further study on the necessary coordination between MN and SN regarding the support of M6 for MR-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers in immediate MDT.
3. Conclusion
In this paper, the following observations and proposal are given:
Observation 1	Current description of M5 cannot be applied to EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers due to the calculation inability for throughput at eNB RLC or gNB PDCP.
Observation 2	The throughput estimation coordination between MN and SN is not necessary for MN/SN terminated split bearers, which further simplifies the calculation of M5.
Observation 3	The transmission status on Xn and F1-U interfaces has no impact on M7
Observation 4	M7 in DL can be directly applied to NR-DC MN terminated SCG bearers and SN terminated MCG bearers.
Observation 5	M7 in UL can be applied to NR-DC MN terminated SCG/split bearers and SN terminated MCG/split bearers with the packets lost estimation coordination on Xn and F1-U interfaces between MN and SN.
Proposal 1	The principle applied for immediate MDT in EN-DC can be reused for the support in other MR-DC cases.
Proposal 2	RAN2 to agree the following text proposal for the support of signalling-based and management-based immediate MDT in MR-DC.
Proposal 3	LS to RAN3 that RAN2 agrees to support immediate MDT in MR-DC and confirm the solution for the support of signalling-based and management-based immediate MDT in MR-DC.	
Proposal 4	M5 is calculated on PDCP level for MR-DC MN terminated SCG bearers and SN terminated MCG bearers.
Proposal 5	M5 is calculated on PDCP level for MR-DC MN/SN terminated split bearers.
Proposal 6	The delay DX2/Xn induced by X2/Xn interface should be included in DL M6 for MR-DC MN terminated SCG bearers and SN terminated MCG bearers.
Proposal 7	The delay over F1-U interface (D3) should be included in DL M6 for EN-DC MN terminated SCG bearer and NE-DC SN terminated MCG bearer.
Proposal 8	M6 in UL can be directly applied for EN-DC SN terminated MCG bearers and NE-DC MN terminated SCG bearers.
Proposal 9	The delay DX2/Xn induced by X2/Xn interface should be included in UL M6 for EN-DC MN terminated SCG bearers and NE-DC SN terminated MCG bearers.
Proposal 10	The delay DX2/Xn induced by X2/Xn interface should be included in M6 (both DL and UL) for MR-DC MN/SN terminated split bearers. Besides, the delay estimation coordination on the RAN part between MN and SN is also needed.
Proposal 11	M7 is calculated on PDCP level for MR-DC MN terminated SCG bearers and SN terminated MCG bearers.
Proposal 12	M7 is calculated on PDCP level for MR-DC MN/SN terminated split bearers.
Proposal 13	Send an LS to RAN3, kindly ask RAN3 for further study on the necessary coordination between MN and SN regarding the support of M6 for MR-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers in immediate MDT.
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