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1	Introduction
[bookmark: OLE_LINK2]This work item introduces data collection further enhancement in NR standalone and MR-DC for SON/MDT purpose, including SON/MDT enhancements for inter-RAT Successful Handover Report (inter-RAT SHR) and Successful PScell Change Report (SPR), MRO for MR-DC Conditional PSCell Change (CPC) and Conditional PSCell Addition (CPA), Fast MCG recovery, Inter-system handover voice fallback and MR-DC SCG failure, RACH Enhancements, SON/MDT Enhancements for Non-Public Networks (NPN), SON for NR-U and MDT Enhancements.
2	Description
The key functionalities of this WI are described as below.
Inter-RAT SHR
[bookmark: _Toc52551432][bookmark: _Toc20403048][bookmark: _Toc29372554][bookmark: _Toc51971449][bookmark: _Toc46502101][bookmark: OLE_LINK9][bookmark: OLE_LINK12]Successful Handovers Reports (SHR) is reported by the UE to detect near-failure events happened during successful handovers. Intra-NR SHR is introduced in Rel-17, and SHR for intra-system inter-RAT is introduced in Rel-18. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK13][bookmark: OLE_LINK15]Inter-RAT SHR from NR to LTE is treated first in Rel-18 and it can be triggered by T310/T312 thresholds provided by the source node. If a UE successfully handover from NR to LTE but the elapsed T310/T312 exceeds SHR trigger, it is considered to have a high risk of failure. UE generates Inter-RAT SHR including the parameters, e.g. Source NR cell informatio, Target LTE cell information, Measurement results for source, target and neighbours, Cause to indicate which inter-RAT SHR triggering condition was met, UE location Information, which are useful for network to optimize inter-RAT successful handover from NR to LTE. For handover from NR to LTE, cross-RAT reporting is not supported, that means UE can only report the SHR report (if available) to the network when it comes back to NR. Then the receiving node forwards the inter-RAT SHR to corresponding node which generates the SHR trigger condition that triggers the inter-RAT SHR.
Successful PScell Change Report (SPR)
[bookmark: _Hlk46846606]The objective of Successful PSCell change Report (SPR) is to detect sub-optimal successful PSCell change/CPC or successful PSCell addition/CPA. For analysis of such sub-optimal successful PSCell change/CPC and successful PSCell addition/CPA, the UE generates SPR based on the SPR triggers configured by the network. SPR triggers could be T310/T312/T304 trigger and Successful PSCell change Report includes the information e.g. Source PSCell information, Target PSCell information, SPR cause value, Latest measurement results, Location information of the UE, Time elapsed between the CPAC execution and reception of CPAC configuration, etc. In case the SPR is retrieved in a “new node” (different from the node that sent the SPR configuration to the UE i.e., “old MN”), the SPR is always sent from the “new node” to the “old MN” which then forwards to the respective node(s) which should perform SPR related optimizations.
- For SN-initiated PSCell change/CPC, the source SN decides the T310/T312 triggers for SPR and is responsible for SPR related optimizations e.g., to optimize PSCell change/CPC configuration or associated mobility thresholds or adjust T310/T312 timer values.
[bookmark: OLE_LINK16]- For MN-initiated PSCell change/CPC, the MN decides the T310/T312 triggers for SPR. MN may optimize PSCell change/CPC configuration or associated mobility thresholds or both. Source SN may optimize lower layer issues e.g., adjust T310/T312 timer values.
- For PSCell addition/CPA and PSCell change/CPC (MN or SN initiated), the target SN always decides the T304 trigger for SPR and performs root cause analysis. The objective of T304 SPR trigger is to optimize RACH access issues in target SN.
MRO for CPC and CPA(CPAC)
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]MRO for CPC and CPA is to detect CPAC failures that occur due to Too late CPC execution or Too early CPC/CPA execution, or CPC/CPA execution to wrong PSCell and to help network identify the problem node(e.g. MN, source SN or (candidate) target SN) in the procedure of CPAC. 
[bookmark: OLE_LINK43]When CPAC failure occurs, UE reports SCGFailureInformation message to MN, including Source PSCell info, Target PScell info, Latest radio measurements of neighbour cell(s), the type of the first triggered CPAC event and the time duration between the two triggered CPAC events if multiple events are configured. And then the MN performs the initial analysis when SCGFailureInformation is received from the UE e.g. whether it is CPA or CPC, if CPC whether it is MN initiated or SN initiated. For CPA or MN initiated CPC, the procedure is initiated by MN, and the possible problem node is MN or the (candidate) target SN. For SN initiated CPC, the procedure is initiated by source SN and the possible problem node is the source SN or the (candidate) target SN. After the root cause analysis, network identify the problem node and the relevant node should to make the optimization.
MRO for the fast MCG recovery
The fast MCG recovery feature introduced in Rel-16 aims to decrease the connection interruption time during radio link failure (RLF). For the successful Fast MCG recovery, UE in MR-DC does not trigger RRC re-establishment upon detecting an RLF. Instead, it suspends the MCG transmissions of all bearers and prepares an MCGFailureInformation message, containing the reason for failure and any available measurements at the time of failure. Then the UE sends the message to the network via the SCG. Upon receiving the MCGFailureInformation message from the UE, the MN determines the best action to address the MCG failure, for example, sends a reconfiguration to change the Primary Cell of the UE to a better cell to restore the MCG connectivity or an RRC release message to the UE to release the connection if no suitable target cell is determined.
[bookmark: OLE_LINK3]MRO enhancement for fast MCG recovery is not to optimize the procedure defined in Rel-16, the intention is to avoid the failure of fast MCG recovery or near failure fast MCG recovery based on the information reported by the UE and exchanged among network interface. And the following scenarios are included in MRO enhancement for fast MCG recovery in Rel-18:
- Fast MCG recovery failure cases, i.e. SCG fails when the UE is undergoing fast MCG recovery (i.e. SCG failure happens while T316 is running), or the signalling delay is longer than the time the UE waits for the response (T316 expired), or the SCG fails or is deactivated yet before the UE sends the MCGFailureInformation.
- Fast MCG recovery near failure case, i.e. UE receives the response message from MN via SN while T316 is running which almost expires but not yet.
[bookmark: OLE_LINK18]RLF report is enhanced to support MRO for fast MCG recovery. For fast MCG recovery failure cases, it is beneficial for the UE to report PSCell where SCG failure happened, the cause of the fast MCG recovery failure and also if the problem is SCG failure, the SCG failure type. For near failure case, UE reports the elapsed T316 between the transmission of MCGFailureInformation and receiving RRC reconfiguration or RRC release message and this PSCell identity in RLF report.
[bookmark: OLE_LINK5]MRO for inter-system handover for voice fallback
[bookmark: OLE_LINK4]Besides Inter-system handover from 5GS to EPS due to coverage, voice over NR with EPS Fallback includes an additional mobility trigger by which the UE falls back from NR to LTE during call establishment, in case not all feature for voice over NR are implemented in the UE or in case of temporary lack of radio resources in NR. In the previous releases, it has been specified SON solutions for MRO based on coverage, but failure of voice fallback is not involved. Therefore, the definition of Inter-system Mobility Failure for Voice Fallback, UE reporting and inter-node information exchange are specified in MRO for inter-system handover for voice fallback.
Inter-system Mobility Failure for Voice Fallback is that an RLF occurs shortly after a successful handover triggered due to Voice Fallback, or a failure occurs during an handover triggered due to Voice Fallback, from a cell belonging to an NG-RAN node to a cell belonging to an E-UTRAN node; the UE attempts to re-connect to a cell belonging to an E-UTRAN node, or an NG-RAN node. Source Cell ID , Failure Cell ID , Suitable Cell ID and UE RLF Report Container are included in inter-node information exchange in case Handover Report Type is Inter-system Mobility Failure during Voice Fallback, it is beneficial for NR node to optimize the configuration of handover for voice fallback.
MRO for MR-DC SCG failure
MRO for MR-DC SCG failure is to detect PSCell change failures that occur due to Too late PSCell change or Too early PSCell change, or Triggering PSCell change to wrong PSCell. SCG Failure Information Report message from UE is used for MR-DC SCG failure MRO. MN performs initial analysis to identify the node that caused the failure. The node responsible for the last PSCell change (the source SN, the last serving SN or the MN) performs the final root cause analysis, and may optimize PSCell change configuration or associated mobility thresholds.
RACH Enhancements
The revealed scenarios for RACH report optimization in Rel-18 includes the following,
- SN RACH report in MR-DC
- RACH report retrieval for CU-DU architecture
- RACH report Enhancement for RACH partitioning
For SN RACH report in MR-DC, UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN. UE could report the recorded SgNB related RACH information to the ‎current MN node for NR-DC case. And the node ‎which received the information could send the SN related RACH report information to the ‎SgNB(s). In order to help the network forward the report to the correct nodet, UE should report the PScell identity outside the RACH report. For (NG)EN-DC case, the UE can report NR RACH report (if available) and the NR cell identity list  to the MN based on the network’s request, and then the MN can forward the report  to the corresponding NR cells.
For RACH report retrieval for CU-DU architecture, Rel-18 supports a network-based solution for RACH report retrieval over F1AP based on an indication from the gNB-DU to the gNB-CU of successful RACH procedures which are not known to the gNB-CU and defines a new class-2 F1AP message to indicate certain RACH occurrence(s) from gNB-DU to gNB-CU.
[bookmark: OLE_LINK6]For RA Report Enhancements for RACH partitioning, RA report is enhanced to include feature combination related information and the addition of RACH partition configuration information. This information consists of the start preamble index and the number of preambles in the partition for which the RA Report was generated. This enables the NG-RAN to determine the RACH partition in use. 
SON/MDT Enhancements for Non-Public Networks
A Non-Public Network (NPN) is a 5GS deployed for non-public use, including the following two types:
-    a Stand-alone Non-Public Network (SNPN), i.e. operated by an NPN operator and not relying on network functions provided by a PLMN
-     a Public Network Integrated NPN (PNI-NPN), i.e. a non-public network deployed with the support of a PLMN.
To enable the NPN feature supported in SON/MDT, the network configures a list of SNPN ID/CAG ID in MDT configuration to specify the area scope of MDT task, which may restrict MDT data collection only for some specific NPNs within the area scope. For the SON/MDT report retrieval mechanism, UE performs SNPN ID checking before sending the availability indication and transmitting the information for corresponding SON and MDT reports, upon the network requests for it.
SON for NR-U
NR-based access to unlicensed spectrum (NR-U) uses the NR protocol to provide access services in unlicensed spectrum as an extension and supplement to 5G NR. In the unlicensed spectrum, the gNB and the UE may apply Listen-Before-Talk (LBT) before performing a transmission on a cell, and when LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free. 
For Mobility Robustness Optimization, the network should separate the mobility related error from LBT-related ones to enable the gNB aware whether certain SON/MDT reports should be considered for optimization of mobility setting, while LBT failures may not related to mobility. A gNB may take into account the information regarding the LBT failures occurred during the handover execution for a specific UE, as detected by the UE for UL, and by the target gNB for DL. In the Handover Preparation procedure, the source gNB can request the target gNB to provide information on DL LBT failures at the target gNB during handover execution.
For Mobility Load Balancing, to enable the gNB aware the traffic load information of the UE in NR-U channel and allocate proper resource for the UE, NR-U channel load is taken into account, including DL/UL channel occupancy time percentage, DL/UL energy detection threshold, radio resource usage.
[bookmark: OLE_LINK10]MDT Enhancements
Cross-RAT logged MDT reporting for signaling based logged MDT override protection is introduced in Rel-18 MDT Enhancements. Signaling based logged MDT override protection is to address the scenario where the signaling based MDT is configured in E-UTRAN when UE reselects to NR while logged measurements are collected or UE reselects to NR after logged measurements are collected and before uploading the logged MDT report. R17 NR signaling by the UE is reused to inform gNB whether signaling based MDT is configured even when it is configured by E-UTRA.
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