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Introduction
In the RAN plenary meeting #88e, a Revised WID on the Enhancement of data collection for SON (Self‑Organising Networks)/MDT (Minimization of Drive Tests) in NR and EN-DC [1] was approved with the following objectives:
	• 	Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 
		− Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 
		− Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]
•	Support of data collection for MDT features for identified use cases, including 2-step RACH optimization and leftovers of Rel-16 SON/MDT WI (MDT enhancements and MDT for MR-DC) [RAN2, RAN3, RAN4]
		− Enhancement of logged and immediate MDT (including coexistence with IDC) [RAN2, RAN3]
		− Enhancement of reporting e.g. RLF and accessibility measurements, Successful Handover reporting [RAN2, RAN3].
		− Specification of MDT for MR-DC [RAN2, RAN3, RAN4]
• 	Specification of L2 measurements, if needed [RAN2, RAN3]
Depending on the progress of the work, the following objective may be discussed in the later part of the WI:
• 	NR-U related SON/MDT optimization which aims to reuse e.g. the existing NR-U measurements [RAN3, RAN2]


In this contribution, we discuss the extension of the MDT framework to support individual link quality monitoring, the extension of the MDT framework to include IAB nodes, and the enhancement of the MDT framework to enable bi-directional link quality monitoring for post link-failure analysis, for both access and backhaul.
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[bookmark: _GoBack]Motivated by the field trials with wireless backhaul links operated in FR2, Fraunhofer identified a need of standardised mechanisms for bidirectional monitoring and recording events in conjunction with radio link quality degradations and radio link failures. Due to the lack of such mechanisms, proprietary testing and troubleshooting tools had to be developed. 
The fluctuations and degradation of wireless backhaul links quality are expected to occur in FR2, as multiple beams can suffer from complete blockages due to a moving object, foliage and other factors. The IAB-nodes that support access and backhauling via NR are aimed at deployments in FR2. Each IAB-node, besides the gNB part (DU), referred to as IAB-DU, encompasses the IAB-MT part, which provides a subset of the UE functionality. Hence, measurements and reporting on the link quality by IAB-MT mainly follows the current UE specifications. For the purpose of downlink link quality monitoring, the network-configured RRC measurement reports by the UE can be translated into, e.g. a M1 measurement report, as a part of Immediate MDT functionality in RRC_CONNECTED mode [2]. On the other hand, while as a part of Immediate MDT, a number of network measurements are specified for the user plane aspects [2], e.g. M4 measurement of UL/DL data volume measurement per DRB per UE, or M5 measurement of average DL/UL UE throughput per DRB per UE, there are currently no defined standardised measurements/reports in terms of link quality by RAN, such as reference signal quality or received interference power. Hence, how often such measurements will be generated and how reports are implemented on the RAN side is up to the network vendor implementation.  Furthermore, the standard [2] has designed the MDT solution around UEs, whereby the UEs’ power consumption and location information are some of the main constraints, which may not be the case in IAB networks.   
Considering the case of a link failure, the current standard [3] defines what information an RLF report by the UE/IAB-MT should contain. For example, the measurement report is specified to include the RSRP, RSRQ and the available SINR, of the source PCell based on the available SSB and CSI-RS measurements, collected up to the moment the UE detected radio link failure. The report may also include location information, if available. If, for example, the cause of RLF was due to a random access problem, details including resource used (SS/PBCH block identifier), successive random-access attempts associated to the same SS/PBCH block are reported, including SSB index, the number of preambles sent etc. These examples demonstrate the detail provided in the RLF report, which is available as a part of MDT. On the RAN side, for example, received random access preambles are included in the Layer 2 measurements [4] and could be combined with the (accessibility) measurements specified as a part of MDT. While proprietary tools may be used to collect, synthesise and analyse measurements on both ends of the link, having a standardised bidirectional monitoring system during an ongoing connection, and reporting mechanism would be beneficial. Time-stamped data could then be used to evaluate and process records to identify issues at each end of the link in case of a link degradation or failure. 
The above identified issues have a greater importance in multi-hop IAB backhaul networks, where backhaul links carry traffic from a number of UEs and other backhaul nodes. Specifying the measurements and corresponding reports at both ends of the link when operated with closed-loop feedback, would aid identifying the root cause of link degradations/failures on the uplink and downlink, in access and backhaul. 
Observation 1: Bi-directional link degradation event recording and reporting is not supported by the current standard specification.
Observation 2: Bi-directional link monitoring, recording and reporting is beneficial for post link-failure analysis. Monitored events on both ends of the link in an IAB network, when operated with closed-loop feedback, would aid identifying the root cause of link degradations/failures on the uplink and downlink.
Another reason to consider coordinated measurement and reporting in IAB networks is the need for continuous improvement in management of cross-link interference. In Release 16, the operation of IAB nodes is subject to a half-duplex constraint (for an in-band operation), but different CLI scenarios are identified, as outlined in [5]. In Release 17, the situation will be exacerbated considering the support of full-duplex [6]. Figure 1 depicts the case when backhaul and access links on the UL of the victim IAB node suffer from cross-link interference from a neighbouring interfering IAB node, which is transmitting in the UL. Standardised measurements and reporting of, e.g. received reference signal power, SINR/interference power and other parameters together with time stamping, location information, identification of a node/beam/panel, resource configuration and other attributes could be used to identify beam configurations causing the most significant cross-link interference. This would again help to differentiate between critical beam configurations for access and backhaul links. These aspects can be also considered as a part of CLI and interference measurements of BH links, included in the IAB WI for Release 17 [6].    
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Figure 1 A potential CLI scenario in IAB network would benefit from bi-directional link monitoring, recording and reporting.

Observation 3: Tagging of link degradation events using time stamping, identification of a node/beam/panel, resource configuration and other attributes is beneficial for post-event analysis and can be used to identify critical beam configurations causing cross-link interference.

Based on the observations above, we propose the following for further study:
Proposal 1: Extension of the MDT framework to support individual link quality monitoring.
Proposal 2: Extension of the MDT framework to include IAB nodes, both access and backhaul. 
Proposal 3: Enhancement of the MDT framework to enable bi-directional link quality monitoring for post link-failure analysis, for both access and backhaul.
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Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: Bi-directional link degradation event recording and reporting is not supported by the current standard specification.
Observation 2: Bi-directional link monitoring, recording and reporting is beneficial for post link-failure analysis. Monitored events on both ends of the link in an IAB network, when operated with closed-loop feedback, would aid identifying the root cause of link degradations/failures on the uplink and downlink.
Observation 3: Tagging of link degradation events using time stamping, identification of a node/beam/panel, resource configuration and other attributes is beneficial for post-event analysis and can be used to identify critical beam configurations causing cross-link interference.

Based on the observations above, we propose the following for further study:
Proposal 1: Extension of the MDT framework to support individual link quality monitoring.
Proposal 2: Extension of the MDT framework to include IAB nodes, both access and backhaul. 
Proposal 3: Enhancement of the MDT framework to enable bi-directional link quality monitoring for post link-failure analysis, for both access and backhaul.
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