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1	Introduction
In earlier releases, the area of SON/MDT has been treated in a number of work items, covering basic SON/MDT for NR as well as enhancements to improve the solutions further as well as to support dual connectivity and, in the later releases also add SON/MDT support to new features introduced in earlier releases of NR. 
For new features introduced in NR, some are affecting the current SON/MDT solutions, and for some there could be benefits from further optimization with the help of SON/MDT. In this paper we discuss Ericsson’s view on what should be the main focus for the SON/MDT work in Rel-19.
[bookmark: _Ref178064866]2	Discussion
2.1	SON/MDT for Rel-18 Further NR Mobility Enhancements
In Rel-18, a number of mobility enhancements are introduced through the work item “Further NR Mobility Enhancements” (NR_Mob_enh2) [1]. It is expected that adjustments or additions to the Mobility Robustness Optimization and Mobility History Information functionality will be needed to accommodate for these enhancements. This includes impact on Successful Handover Report, Successful PSCell change/addition Report, Radio Link Failure Report and Mobility History Information from e.g.
· Lower-layer Triggered Mobility (LTM),
· Conditional Handover including target MCG and target SCG, and
· Conditional Handover including target MCG and candidate SCGs for Conditional PSCell Change/Addition.

[bookmark: _Toc144747871]Enhancements of SON/MDT will be needed to support optimization for mobility enhancements introduced in the Rel-18 WI “Further NR Mobility Enhancements” (NR_Mob_enh2).
MRO enhancement for R18 mobility mechanisms was listed as Objective 1 in the list of focus areas for further Rel-19 SON/MDT WI scoping in the moderator’s summary from RAN#101 [2]. We support it in the scope of WID and would like to propose the objective as in below: 
[bookmark: _Toc152592383]Support SON/MDT reports enhancements for Rel-18 Further NR Mobility Enhancements (NR_Mob_enh2) such as LTM, conditional handover including SCG.
2.2	Enhanced Random Access Reporting 
In Rel-18, the Random Access reporting has been enhanced to include more detailed information that can be used for a better understanding when optimizing Random Access. To better be able to utilize this information and correlate with other reports, it would be beneficial to also include location information in the RA report. In addition, in Rel-18 it has been discussed to log the location information wherein the UE experienced out of coverage in SNPN networks, but due to time limitation it has not been treated. For the sake of coverage analysis it would be beneficial that the UE logs the location information of the locations wherein the UE experienced out of coverage when intending to access the network. We therefore propose to consider this for Rel-19 SON/MDT enhancements. 
Moreover, as of now there is no means for the network to differentiate whether the RA reports collected by the UE is performed toward the cell acting as part of master cell group or secondary cell group. Since the coverage and the mobility policies for a cell acting as a PCell is different from the same cell acting as PSCell, the RACH performance might be significantly different for the same cell (when acting as PCell than when acting as PSCell).
In addition, Rel-18 leftovers as well as potential enhancements based on the other features e.g., SDT, coverage enhancements features introduced in Rel.17/18, can be considered.

[bookmark: _Toc152592384]Consider enhancement of RA-Report, with inclusion of location information, wherein the UE performed RA-procedure or tried to access the network but experienced out of coverage.
[bookmark: _Toc152592385]Consider Rel-18 leftovers such as MCG/SCG differentiation in the RA-Report, SDT-related enhancements.
[bookmark: _Toc152592386]Introduce in the RA-Report support for coverage enhancements features specified in Rel.17/18.
2.3 Enhancements for NR-U
Some very basic support for NR-U in SON-MDT has been firstly introduced in Rel.17, add a few load metrics that can be used for MLB. In Rel-18, additional NR-U related load metrics were added and additions made in UE reports (e.g., RA reports, RLF reports) to consider the NR-U impact in MRO. It was proposed in [3], that the impact of NR-U on L2 measurements should be considered, but given the lack of time and the scope of Rel.18 WID, the topic has not be addressed in Rel.18.
None of the L2 measurements captured in TS 38.314 takes into account the effects of the NR-U system. For example, neither the average LBT per packet delay, nor the contribution of LBT is taken into account in the existing average per packet delay. This may result in an underestimation of the actual experienced packet delay, which makes the existing L2 measurement framework not suitable to provide useful insights on the NR-U system.

[bookmark: _Toc152592387]Enhance the layer-2 measurements to take into account the NR-U system characteristics.
There are also a number of features that it was not possible to discuss in detail in Rel.18 due to lack of time. 
For example, related to RAN3 scope, it would be beneficial to consider more detailed information associated to the UL LBT performances, that could be made available at the CU and possibly be exchanged across nodes. For example, the fact that the UE detected a consistent UL LBT failure in a serving cell is an information that currently is only known at the DU (i.e. the UE transmits MAC CEs when it detects consistent UL LBT failure in a serving cell). The CU may benefit of this information for more accurate carrier aggregation configuration load balancing, and traffic steering decisions.
In NR user plane, various improvements can be enabled if the CU-UP becomes aware of the impact of operating in unlicensed spectrum. For instance, specific events such as “UL Radio Link Outage”, “DL Radio Link Outage” can be recognized, however, a node cannot distinguish if such events are impacted by the presence of LBT issues..

Related to RAN2 scope, depending on the Rel.18 WI conclusions, enhancements can be foreseen in the SHR, RLF-Report domain. For example, in order to further optimize the MRO decision in NR-U, it was discussed during the Rel.18 WI to consider the number of LBT failures experienced in UL just before an RLF or Handover Failure, or before/after the successful handover execution. That would allow a better evaluation of the LBT impact in the system. 
[bookmark: _Toc152592388]Consider Rel.18 leftovers related to NR-U, such as CU-awareness of UL LBT failures (RAN3), impact of UL/DL LBT failures in RLF/HOF/Successful HO (RAN2).
 
2.4 Reporting user plane interruption time
The user plane interruption time has been specified for the DAPS HO in Rel-17 and it can be included in the SHR. However, the demand on further observability on the HO interruption time on the user plane increased in the early deployment of the 5G networks. In particular, it is difficult to compare the benefits of the DAPS HO with the performances of an ordinary HO, since currently the user plane interruption time at HO is only available for the DAPS HO in the SHR. Hence, since this benchmark is missing, it is difficult for the network/operator to evaluate whether there is really the need to activate the DAPS feature, and if that really brings the expected benefits. 
Therefore, in order to enable a better observability on the user plane interruption time induced by the mobility procedures, extension of the current standard solution of the HO interruption time is required. Therefore, we propose to enhance the current measurement of user plane interruption time for other reconfiguration with sync procedures in NR networks e.g. the normal HO procedure.
[bookmark: _Toc144747872]User plane interruption time is specified (in Rel-17) to be measured by the UE only for DAPS HO.
[bookmark: _Toc152592389]Support measuring user plane interruption time at the UE for other reconfiguration with sync procedures e.g., normal Handover.
2.5 RAN Observability Metrics
URLLC and Time Critical Communication (TCC) types of services are one of the key use cases specified to be provided via NR networks that require stringent QoS requirements as specified in TS 23.501. Such stringent QoS requirements for the URLLC type of services shall be provisioned by the RAN nodes particularly over the radio interface that may be impaired by interference, mobility as well as coverage issues. This requires an accurate observability mechanism in the RAN node.
[bookmark: _Toc134777209][bookmark: _Toc144747873]Provisioning URLLC type of services requires fulfilling stringent QoS requirements.
[bookmark: _Toc134777210][bookmark: _Toc144747874]Stringent QoS requirements of URLLC services need to be fulfilled by the NR RAN node and requires accurate observability.
Unlike traditional types of services e.g., MBB which have more relaxed QoS requirements, the new emerging types of services in NR e.g., the URLLC or time critical (TC) types of services require stringent QoS requirements and for such services the tail of the delay distribution is a more crucial measurement. The current delay measurement framework is inherited from LTE with 120 ms minimum measurement/reporting granularity and it is originally designed for the RRM measurements. Later, it was applied to the average delay measurements for the MBB type of services, but it might not be enough for the new emerging services with stringent QoS requirements in NR.
[bookmark: _Toc134777213][bookmark: _Toc144747875]The framework for the report of the UL PDCP average delay measurement is inherited from LTE and it might be enough for the traditional services like MBB, but not sufficient for URLLC and TCC observability.
Therefore, for a more accurate observability at the RAN we would need to enhance the UL PDCP Packet Average Delay, such that it allows for a better evaluation of the DRB types with stringent QoS requirements. 
[bookmark: _Ref134693926][bookmark: _Toc134777073][bookmark: _Toc152592390]Enhance the delay measurements provided by the UE to enable sufficient observability for the services with stringent QoS requirements. 
2.6	Core Network supported UE context retrieval
For UEs subject to failure while in RRC_CONNECTED (e.g. RLF) a re-establishment procedure may be triggered by the UE towards available cells within the neighbourhood. At re-establishment to a new cell/NG-RAN node, the new serving NG-RAN node would benefit from retrieving the UE context stored at the source NG-RAN node. Likewise, for a UE going to inactive mode, the last serving NG-RAN node keeps the UE context. If the UE later resumes in another node, the UE context needs to be retrieved from the last serving node. 
Today however, UE context retrieval is only supported over Xn, and it is not for sure that the new cell where the UE re-establishes/resumes is served by an NG-RAN node that is Xn connected to the source NG-RAN node. The latter can easily occur if one considers that there might be very many neighbouring NG-RAN nodes and that the number of Xn interfaces a single NG-RAN node may be able to support are limited. Likewise, there might be conditions under which the UE does not re-establish/resume in a cell that is a direct neighbour of the source NG-RAN node. This could happen, e.g. during mobility between indoor and outdoor deployments, where a UE passes through an area of poor/no coverage (e.g. transiting in an elevator) and re-emerges in a different coverage area.
In cases where source and re-establishment/resume node are not Xn connected, the UE context cannot be retrieved from the source NG-RAN node. Hence, the UE context needs to be rebuilt from scratch at the new serving NG-RAN node, which implies a considerable increase of UE connection time delays and a drop in performance because the L1/L2 configuration used in the source NGRAN node cannot be used to speed up convergence on an optimal L1/L2 configuration at the new serving NG-RAN node. 
By introducing core network assisted context retrieval the new serving NG-RAN node could retrieve the UE context from the source NG-RAN node even if an Xn interface is not available between these two nodes. This improves UE connection delays as well as L1/L2 performance.
[bookmark: _Toc144747876]Today, UE context retrieval is only supported over Xn, causing a need to setup a new UE context in case a UE re-establishes/resumes in a node with no Xn connection to the last serving node.
[bookmark: _Toc152592391]Support core network assisted UE context retrieval.
[bookmark: _Hlk152593339]2.7	SON/MDT Enhancements for intra NTN mobility
Non-terrestrial networks (NTN) have been studied and specified in 3GPP since Release-15 (see TR 38.811). But despite having many similarities with terrestrial network operations, SON and MDT functions did not take into account possible NTN deployments, which now cover “classic” NR but also IoT UEs. NTN deployments have their own specificities, which needs to be taken into account when designing automated network optimization. 
For example, one of the goals of SON features is to reduce mobility failures e.g. handover failure. And handover between NTN cells is already supported. Reducing these failures should be supported too. Many tools are now available in the SON toolbox to optimize mobility, with or without the help of the UE. Some of them may be used as it is for some of the intra-NTN mobility use-cases, but not all of them. Many reports are generated by the UE (e.g. SHR), and may need to take into account NTN specificities.
Also, Operators may have a need to log data related to the non-terrestrial network layer. Existing functions within the MDT framework may be reused with some small updates.
Therefore, it is proposed to include the enhancement of existing SON/MDT features for intra-NTN mobility as a WID objective.

[bookmark: _Toc152592392]Support enhancement of existing SON/MDT features for intra-NTN mobility.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Enhancements of SON/MDT will be needed to support optimization for mobility enhancements introduced in the Rel-18 WI “Further NR Mobility Enhancements” (NR_Mob_enh2).
Observation 2	User plane interruption time is specified (in Rel-17) to be measured by the UE only for DAPS HO.
Observation 3	Provisioning URLLC type of services requires fulfilling stringent QoS requirements.
Observation 4	Stringent QoS requirements of URLLC services need to be fulfilled by the NR RAN node and requires accurate observability.
Observation 5	The framework for the report of the UL PDCP average delay measurement is inherited from LTE and it might be enough for the traditional services like MBB, but not sufficient for URLLC and TCC observability.
Observation 6	Today, UE context retrieval is only supported over Xn, causing a need to setup a new UE context in case a UE re-establishes/resumes in a node with no Xn connection to the last serving node.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support SON/MDT reports enhancements for Rel-18 Further NR Mobility Enhancements (NR_Mob_enh2) such as LTM, conditional handover including SCG.
Proposal 2	Consider enhancement of RA-Report, with inclusion of location information, wherein the UE performed RA-procedure or tried to access the network but experienced out of coverage.
Proposal 3	Consider Rel-18 leftovers such as MCG/SCG differentiation in the RA-Report, SDT-related enhancements.
Proposal 4	Introduce in the RA-Report support for coverage enhancements features specified in Rel.17/18.
Proposal 5	Enhance the layer-2 measurements to take into account the NR-U system characteristics.
Proposal 6	Consider Rel.18 leftovers related to NR-U, such as CU-awareness of UL LBT failures (RAN3), impact of UL/DL LBT failures in RLF/HOF/Successful HO (RAN2).
Proposal 7	Support measuring user plane interruption time at the UE for other reconfiguration with sync procedures e.g., normal Handover.
Proposal 8	Enhance the delay measurements provided by the UE to enable sufficient observability for the services with stringent QoS requirements.
Proposal 9	Support core network assisted UE context retrieval.
Proposal 10	Support enhancement of existing SON/MDT features for intra-NTN mobility.
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