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1	Introduction
An initial set of targeted Rel-17 enhancement for SON/MDT has been discussed during RAN WG2 Meeting #111e. Therein, in R2-2007667, it was proposed to clarify the propagation of the configuration for some MDT measurements. In this contribution we elaborate further a way forward for the Immediate MDT configuration for the RAN nodes but also for the measurement reporting for MDT. 
In addition, we identify a need to find interference spots where only a inter-frequency or inter-RAT handover helps to avoid RLF and connection loss, and propose to address the problem in Rel-17.
2	Immediate MDT configuration for L2 Measurements M5 ~ M7 in DC
2.1	Current specifications 
TS 37.320 defines the following measurements:
	-	M5: Average UE throughput 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]



But have the following restriction is in TS 37.320:
	NOTE 1:	M5 ~ M7 do not apply to EN-DC SN terminated MCG/split bearers and MN terminated SCG/split bearers in Rel-16.



In the later part of this contribution, we go through each of these measurements.

2.2	M5 - Throughput
M5 Measurement refers to the following measurement in TS 28.552
-	5.1.1.3.1	Average DL UE throughput in gNB
-	5.1.1.3.3	Average UL UE throughput in gNB
The measurement collected in gNB-DU is then sent to MDT Data Consumer the collecting entity.


[bookmark: _Ref52824553]Figure 1: M5 Measurement Configuration
As shown in Figure 1, when the measurement configuration is received from AMF, gNB-CU-CP transfers it to gNB-DU. The measurements are performed, and the report is sent to MDT Data Consumer.
Observation 1: When M5 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to gNB-DU.
NOTE: We call “MDT Data Consumer” the entity that will receive the MDT / Trace report. It could be TCE as in LTE or another function when SBMA is used.
2.3	M6 - Delay
The way to calculate delay measurement for MDT is defined for NR in TS 38.314. In this case, some measurements are performed in CU-UP, some in DU and some in UE. The same observations as M5 can be made about the configuration and measurement reporting:
The collected measurements from DU and CU-CP are sent directly to the MDT Data Consumer. Then the function in charge of calculation derives the total delay.
The measurements performed in the in UE are collected by CU-CP before being sent to MDT Data Consumer.
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[bookmark: _Ref52825766]Figure 2: M6 Measurement – Signalling based
As shown in Figure 2, when the measurement configuration is received from AMF, gNB-CU-CP transfers it to gNB-DU, gNB-CU-UP and configures the UE . The measurements are performed, and the report is sent to MDT Data Consumer.
Observation 2: When M6 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to the relevant other nodes and UE.

2.3	M7 – Packet Loss Measurement
Packet Loss is measured in DU (for DL) (in 38.314) and in CU-UP for UL (in 28.552).


[bookmark: _Ref52826385]Figure 3: M7 Measurement – Signalling based
As shown in Figure 3, when the measurement configuration is received from AMF, gNB-CU-CP transfers it to gNB-DU, gNB-CU-UP. The measurements are performed, and the report is sent to MDT Data Consumer.
Observation 3: When M7 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to gNB-DU and gNB-CU-UP.
2.4	Management based MDT
In the example above, signalling based management is described. When Management based is used, the same process is used, with the following difference: there is no configuration coming from Core Network, but gNB-CU-CP selects some UE to perform the measurement. The measurements are performed, and the report is sent to MDT Data Consumer. 
Observation 4: For M5~7, Management Based MDT, the same process as signalling based is used, but the configuration comes directly to gNB-CU.

2.2	Dual Connectivity
For Dual connectivity, some of the measurement configuration need to be forwarded to the relevant nodes that are not controlled by MgNB-CU-CP. The relevant interfaces (Xn, F1, E1) already allow the configuration of the relevant nodes in MgNB or SgNB
Proposal 1: For NR Dual connectivity, the relevant nodes are configured in order to provide the measurements to MDT Data Consumer.
For the UE, in case of NR DC, the relevant measurement configuration can be done by either MN or SN. The basic principle could be that the measurement for the UE is done by the entity (MN or SN) controlling the PDCP of the DRB that needs to be measured.
Proposal 2: The basic principle for UE configuration for NR DC is that the measurement for the UE is done by the entity (MN or SN) controlling the PDCP of the DRB that needs to be measured.
For example, to measure M5 (throughput) on a SCG Bearer would be the following way:


Figure 4: MR-DC case for M5 on SCG Bearer
2.3	Mobility and Dual Connectivity for Immediate MDT
When UE is configured for immediate MDT and dual connectivity, we need to look at two different cases Management Based or Signalling Based MDT.
For Management based MDT, there should not be any propagation of the Immediate MDT configuration during Handover. So the MN should de-configured all the MDT configuration in MN and SN when the Handover Occurs. This is already possible.
For signalling based MDT, the context should be propagated when the Handover takes place. If the SN changes during the Handover, is should be de-configured in the source SN and re-configured in the Target SN. But is the SN is kept two option are possible:
Option 1: the SN is de-configured for MDT and reconfigured after the Handover by the Target MN
Option 2: The configuration stays in SN 
RAN2 should investigate which is the best choice. We think that option 1 is already feasible and does not require any change in the specification.
Proposal 3: For Signalling based MDT, in case of Handover with no SN change, SN is de-configured by source MN and re-configured by Target MN

2.4	DAPS and CHO
For CHO, there should not be any difference from regular Handover: in case of signalling based MDT the target gNB should be configured during CHO Request procedure. The collection of Immediate MDT measurements should continue in the source cell until the Conditional Handover is triggered.
For DAPS: the Immediate MDT collection should continue in the source cell until the link is broken. The configuration in the target cell should be propagated only if it is Signalling based MDT. The collection of measurement in the target cell can start when DAPS is configured.

2.5 Area Scope for Immediate MDT
In MDT Configuration, Area Scope indicates the area, in terms of a list of NG-RAN cells, on which UE measurements may be collected. The gNB selects a UE for MDT data collection by taking into account the Area Scope in the received MDT Configuration. If the UE is outside the Area Scope, then it should not be selected for data collection. Currently, the minimum Area Scope granularity is on a per cell basis. However, it is of benefit both on the UE and network sides to trigger focused measurements from UEs located in a smaller area. For instance, by configuring the Area Scope over an intersection of cells, only UEs at the cell edge could be selected to report measurements. Providing the means for a more focused Immediate MDT reporting can reduce the amount of requested measurements from the UEs and also the amount of measurements that need to be subsequently processed at the network side.
Proposal 4: Area Scope Configuration of finer granularity should be supported in the MDT Configuration. 
3	UE-based Immediate MDT enhancement
3.1	Interference caused by accumulation of several non-dominant neighbours
With dense small cell NR deployment with multi TRPs (typically in combination with beamforming) unexpected interference spots resulting from the overlapping and, therefore, accumulation of several neighbouring cells/beams with comparable signal strength as the serving cell/beam are quite likely. These interference spots are not detectable with existing measurement events used for handover triggering and might appear like coverage hole, but the signal strength measurements contained in the RLF report falsifies a coverage issue.
The reason why existing handover events do not react results from the missing dominant interferer. In traditional three-sector cell layout there are only one or two dominant neighbour cells where most dominant one becomes the strongest interferer, and finally the target cell for handover triggered by the measurement event A3.
If however an UE is in an area where several beams from different cell are detectable with a comparable signal strength as the serving beam the UE will suffer from RLF except coordination (e.g. CoMP) is applied. Without CoMP only a change of network layer (e.g. inter-frequency handover) can avoid the RLF.
Figure x exemplarily shows a square in the city where for capacity and coverage reasons 5 TRPs represented by red triangles have been deployed.
A UE located in the area of the South-West corner of the square is receiving almost equally strong signal strength from five small cell nodes of x Watt (W). Assuming that x W is sufficiently high for serving the UE, i.e. clearly above noise level, the experienced SINR of the UE is
,
and might cause a RLF with rather high probability. 

[bookmark: _Ref14171214]Figure 5:	Small cell deployment of square with 5 TRPs

3.2	Existing handover measurements fail to escape from interference spot
As discussed in section 2, the relative A3 measurement event reacts when one neighbour is such dominant that it is, for instance, 3 dB stronger than the serving cell. But here all neighbours are equally strong. Lowering the A3-offset will not help either, since the neighbouring cell faces the same situation and would cause ping-pong situation.
The only way to escape is to change frequency layer or even RA. Those handovers are typically triggered with so-called dual threshold events, where the serving signal should be below threshold_1 and the target cell above threshold_2. However, the leaving threshold_1 for more efficient NR technique will be way lower in order to exploit the coverage too. Therefore, also such dual threshold events for interfrequency (i.e. A5) or inter-RAT (i.e. B2) will fail.
Using RSRQ instead of RSRP as measurement quantity also fails, since high RSRQ value (>-15 dB), which is the case for the considered scenario, very badly represent the SINR.
High dense multi-TRP deployment without cooperation might cause interference spots which cause RLFs like coverage holes. All existing measurement events for handover fail to escape from this interference spot. A new measurement event might be needed which allows an early enough detection of this problem.
Observation 5:	Multi-TRP deployments with beamformed access might cause interference spots resulting from several equally strong beam signals, if they are not cooperatively treated.
Observation 6:	Existing handover measurement events are not able to trigger inter-frequency or inter-RAT handover to escape from those interference spots.
Proposal 5:	New measurement event which masters the specific situation of interference spots without dominate interferer might be needed to avoid RLFs and connection losses.
4	Conclusion
In this contribution, we made the following observations and 
Observation 1: When M5 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to gNB-DU.
Observation 2: When M6 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to the relevant other nodes and UE.
Observation 3: When M7 measurement is configured via signalling, the configuration is received by gNB-CU from Core network and forwarded to gNB-DU and gNB-CU-UP.
Observation 4: For M5~7, Management Based MDT, the same process as signalling based is used, but the configuration comes directly to gNB-CU.
Proposal 1: For NR Dual connectivity, the relevant nodes are configured in order to provide the measurements to MDT Data Consumer.
Proposal 2: The basic principle for UE configuration for NR DC is that the measurement for the UE is done by the entity (MN or SN) controlling the PDCP of the DRB that needs to be measured.
Proposal 3: For Signalling based MDT, in case of Handover with no SN change, SN is de-configured by source MN and re-configured by Target MN
Proposal 4: Area Scope Configuration of finer granularity should be supported in the MDT Configuration. 
Observation 5:	Multi-TRP deployments with beamformed access might cause interference spots resulting from several equally strong beam signals, if they are not cooperatively treated.
Observation 6:	Existing handover measurement events are not able to trigger inter-frequency or inter-RAT handover to escape from those interference spots.
Proposal 5:	New measurement event which masters the specific situation of interference spots without dominate interferer might be needed to avoid RLFs and connection losses.
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