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Introduction
One of the main objectives of the SONMDT Rel-19 WID [RP-234038] is to enhance the MRO features to optimize the LTM cell switch procedure. - MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM), CHO with candidate SCGs, subsequent CPAC [RAN3, RAN2]:
•	Specification of the inter-node information exchange, including possible enhancements to interfaces [RAN3]
•	Identify and specify necessary UE reporting to enhance the mobility parameter tuning [RAN2]





At RAN2#125bis, the following agreements were made.
	For LTM MRO, RAN2 considers the following three connection failure cases:
-	Too late LTM
-	Too early LTM
-	LTM to wrong cell
For too late LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 1a: the UE detects RLF in source cell after receiving LTM candidate configurations and performs reestablishment procedure.
-	Case 1b: the UE detects RLF in source cell after receiving LTM candidate configurations, selects an LTM candidate cell, detects HOF with the selected LTM cell.
-	Case 1c: the UE detects RLF in source cell after receiving LTM candidate configurations, and successfully completes LTM execution with the selected LTM candidate cell.
For too early LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 2a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 2b: the UE detects HOF/RLF in the LTM target cell, selects the source cell which is also an LTM candidate cell, detects HOF with the source cell, and performs reestablishment procedure.
-	Case 2c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected source cell which is also an LTM candidate cell.
LTM to wrong cell, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 3a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 3b: the UE detects HOF/RLF in the LTM target cell, selects an LTM candidate cell which is different from the source or target one, detects HOF with the selected LTM candidate cell, and performs reestablishment procedure.
-	Case 3c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected LTM candidate cell which is different from the source or target one.
RAN2 considers SHR, RA report and RLF for MCG LTM SON.
RAN2 will start work on MCG LTM.
RAN2 to study failure and near failure scenarios for CHO with candidate SCGs.




This contribution further discusses considerations regarding SON feature enhancements for LTM and CHO with candidate SCGs.
[bookmark: _Ref154582601]Discussion
SON features for LTM
Per the agreement from RAN2#125bis, we will focus on MCG LTM, and discuss the enhancement for RLF report, SHR and RA report for LTM optimization. Considering that LTM cell switch procedure highly relies on underlying features such as early DL/UL synchronization and RACH-less procedure, we will also discuss the possible MRO enhancement for those aspects.
[bookmark: _Ref165995937]Enhancement on RLF-Report
This section describes issues related to LTM that need to be considered when enhancing the RLF-Report for the sake of LTM mobility robustness optimization. In particular we discuss the measurement and information required to assist the network in classifying the failure cases.
Logging L1 measurements
Compared with L3 handover, LTM cell switch can be triggered based on L1 measurements reported by UE. Hence the L1 measurement is one of the key factors that impact LTM performance. There may be some LTM candidate cells, especially some subsequent LTM candidate cells, with no L3 measurement configured. Therefore, when RLF or LTM cell switch failure, NW cannot only rely on L3 measurement to check the neighbouring cells’ status. Hence, we think it is beneficial that UE logs and report the available L1 measurements in RLF report upon a radio link failure.
[bookmark: _Toc166149090]If configured the log the L1 measurements for serving cell, target cell and other LTM candidate cells in RLF report, upon RLF or mobility failure.

Logging timeConnFailure and reconnectCellID
The time information timeConnFailure in RLF-Report is used to indicate the time since last mobility procedure (execution of RRC Reconfiguration including the reconfiguration with synch) until the failure. This information is used to classify the failure (e.g., as a too early HO failure or Too late HO failure etc.). We think this field (timeConnFailure) can be reused in LTM to assist the network in classifying the failure type (e.g., as too early LTM cell switch or too late LTM cell switch or LTM cell switch to the wrong cell). 
Besides, reconnectCellId in RLF-Report is to inform the network a suitable cell after the possible re-establishment failure, Such cell (if the time since failure untill re-connection is short) can be a candidate as a target for next handovers. We think this field can also be reused when LTM is configured to indicate the cell in which the UE reconnects to the network after connection failure and after failing to perform reestablishment (or recovery procedures).
Therefore, we propose the following
[bookmark: _Toc166149091]RAN2 agree to reuse the timeConnFailure and the reconnectCellId in RLF-report for the LTM failures. 



Logging LTM recovery cell ID
In the current RLF report, a UE configured with CHO configurations, in case of selecting a CHO candidate cell (after a radio link failure or a handover failure) the UE may perform a CHO recovery procedure (instead of re-establishment procedure). In such cases the UE logs a choCellId instead of reestablishmentCellId. This is to enable the network to figure out the cell to which the UE re-established was a CHO candidate cell and hence network can adjust the CHO execution conditions, enabling the UE to execute CHO toward the selected cell (instead of failure and then CHO recovery). 
LTM recovery procedure is quite similar to the CHO recovery i.e., if the UE configured with LTM configurations for some candidate cells, selects a cell for which LTM configuration exists, the UE may perform LTM recovery instead of re-establishment procedure. Hence, similar to choCellID, we propose to define a new field to log the identity of the selected cell after the successful LTM recovery. Such cell information enables the network to trigger the LTM cell switch toward the selected cell for the next mobility procedures.   
[bookmark: _Toc166149092]RAN2 agree to define a new field in RLF-report to log the LTM recovery cell ID upon selecting an LTM candidate cell.

Logging LTM as lastHO-type
Last HO type is introduced in Rel-17 to enable differentiating different types of HO failures. In fact the network needs to know the type of the last executed mobility procedure, whether it was a normal HO, CHO, DAPS or LTM. Based on this information network can decide to adjust the configuration associated with the type of the executed handover. LTM cell switch which is a mobility procedure can be deemed as a type of handover, so the lastHO-Type can be extended to include LTM cell switch, enabling the network to differentiate it from other types of mobility procedure and hence adjusting the correct parameters associated to the LTM procedure.
[bookmark: _Toc166149093]Extend lastHO-Type in RLF-Report to indicate the LTM cell switch as last executed mobility procedure.

Logging time since LTM configuration
Time related information will enable the network to optimize the configuring of the LTM candidate cells in a timely manner, avoiding the waste of resources at the network side. Therefore, with an analogy with the  timeSinceCHO-Reconfig which represent the time since reception of the CHO configuration (until failure) a similar time information for the LTM procedure can be considered. More specifically, if the time elapsed between radio connection failure and reception of the last LTM configuration is too long, LTM resource is reserved in the candidate cells too early which is a resource waste. On the other hand, if the time is too short, there may be not enough time L1 measurements, LTM evaluation and LTM execution before the connection failure. Besides, the UE may simultaneously be CHO and LTM configured, which means that in case of radio link failure, the time info timeSinceCHO-Reconfig for CHO and the similar time info for LTM, e.g., timeSinceLTM-Reconfig should both be included in RLF-Report.
[bookmark: _Toc166149094]Enhance RLF-Report with the time elapsed from LTM configuration reception to connection failure.

Logging beam information
LTM cell switch command includes target beam to be used by the UE during the LTM cell switch procedure. However, the beam indicated in the LTM cell switch command may be sub-optimal and LTM cell switch may fail due to bad choice of beam, the UE may re-establish/recover or re-connect to the same cell but in a better beam or a different cell. 
Currently the UE logs the target cell ID, the re-established cell ID and in case re-connected cell ID in the RLF report. Given that the LTM cell switch relies heavily on the beam information the beam information can also help the network to optimize the future LTM cell switch procedure in particular in selecting the optimal beam in the LTM cell switch command. 
[bookmark: _Toc166149095]Enhance the RLF-Report with beam information.
a. [bookmark: _Toc166149096]The beam UE failed to perform LTM cell switch,
b. [bookmark: _Toc166149097]The beam UE succeeded to recover/re-establish or reconnect

Logging early DL/UL synch information in RLF report
In LTM procedure, before receiving the cell switch command and upon gNB-DU request using TCI State Activation the UE may acquire DL sync toward the LTM candidate cell(s). The UE may activate and deactivate TCI states of LTM candidate cell(s) for DL sync, as triggered by the gNB-DU. The UE may obtain UL sync with LTM candidate cell(s) using UE-based TA measurement, if configured, and/or by transmitting a preamble towards the candidate cell, as triggered by the gNB. Given that these new features (as of now designed for the LTM procedure) plays important role in performance of the LTM mobility (in terms of interruption time) we believe optimization of these features is necessary. 
In case of RLF/HOF, logging the early DL/UL sync related information in the RLF-Report enables the network to verify if any optimization is needed for the LTM early sync procedure. For example, information on whether there is early DL/UL sync prior to LTM cell switch execution or connection failure, or the time between the early DL/UL sync and the connection failure/re-establishment can be valuable for the NW to determine possible optimizations of early synch procedure, which in turn improve the LTM mobility performance in terms of shorter interruption time. 
[bookmark: _Toc166149098]Early DL sync related information needs to be logged in RLF report. Details FFS.

Concerning the UL synch there are different early UL sync methods, therefore it is useful to log the type of early UL sync performed by the UE, such as, if UE performed UE-based TA estimation, or PDCCH ordered PRACH for TA estimation, or no early UL sync was required for candidate cells with TA equals to 0 or same TA as in the source cell was applied by the UE. We note that if there is no available estimated TA value, or the estimated TA value is not correct or outdated before the LTM execution for UE-based TA acquisition, then it may lead to RACH-less failure, longer interruption time, or even LTM cell switch failure. Hence, in our understanding early UL synch procedure and in particular TA estimation validity and accuracy will impact the LTM cell switch performance.
[bookmark: _Ref165495874][bookmark: _Toc166149099]Early UL sync related information needs to be logged in RLF report. Details FFS.

[bookmark: _Ref165996401]Enhancement on SHR 
Logging L1 measurements in SHR
Similar with L1 measurement report in RLF-Report, provided that LTM procedure decisions are made based on the L1 measurements in case of near failure (sub-optimal) LTM procedure, the network cannot only rely on L3 measurement to verify the neighbouring cells’ status (and the neighbouring beams status) for the sake of LTM optimization. In other words, since the network takes decision based on the L1 measurements, enhancing the SHR with the L1 measurements would provide a better insight for the network to tune the sub-optimal LTM procedure configuration.
[bookmark: _Toc166149100]RAN2 agree to log L1 measurements for serving cell, target cell and other LTM candidate cells in SHR.

On the time since LTM configuration
CHO in SHR has the time information timeSinceCHO-Reconfig which is time elapsed between the initiation of the last conditional reconfiguration execution towards the target cell and the reception of the latest conditional reconfiguration for this target cell. The difference between CHO and LTM is that CHO execution is trigged by the UE, while LTM execution is triggered by the source cell with a MAC CE command. Therefore, both the time of initiation of LTM execution towards the target cell and the time when the source gNB configured LTM configurating for the target cell are known by the source gNB.
[bookmark: _Toc166149101]No need to log the time information elapsed between LTM configuration and LTM execution for the target cell in SHR.

Logging Early DL/UL synch information
For the LTM early DL/UL sync, the NW is in charge of triggering early DL sync and also PDCCH ordered CFRA for early UL sync. In our understanding the issues in DL synch (e.g., whether the UE lost the early synch toward the target cell or not) and we as the UE-based TA measurement related information needs to be logged in the SHR in case of sub-optimal performance.
[bookmark: _Toc166149102]UE-based TA measurements related information needs to be logged in SHR for early UL sync, but not information related to network-controlled early UL sync.
[bookmark: _Toc166149103]UE logs information concerning the sub-optimal early DL synchronization in SHR e.g., whether the UE has lost the early synch to the target cell. 

[bookmark: _Toc166149104]Triggering SHR based on fallback to RACH-based LTM
With the early UL sync, the NW can instruct the UE to perform LTM cell switch procedure by sending the LTM Cell Switch Command MAC CE. In the LTM cell switch command, if a TA value is included or if the UE has successfully measured the TA, then the RA produce can be skipped and RACH-less LTM can be executed. Upon a failure of the RACH-less LTM cell switch, the UE may fall back to a RACH-based LTM. However, even if the fall-backed RACH-based LTM is successful, the interruption time will increase compared to RACH-less LTM. Hence it is necessary to log the early UL sync related information to optimize this undesired fallback behavior. 
In order to log the early UL sync related information in the SHR, a new triggering condition can be considered, e.g., SHR can be triggered when the UE falls back to RACH-based LTM from RACH-less LTM.
1. [bookmark: _Toc166149087]If the UE falls back from RACH-less LTM falls to RACH-based LTM, this will increase the LTM interruption time which is a sub-optimal scenario.
[bookmark: _Toc166149105]Introduce fallback from RACH-less LTM to RACH-based LTM as a new trigger to log SHR.

Successful LTM cell switch to wrong beam
As discussed above beam indicated in the LTM cell switch command may be wrong or sub-optimal. With the wrong or sub-optimal beam, the LTM cell switch can still be successful, but beam failure may occur shortly afterwards. The UE then executes the beam failure recovery procedure towards a better beam in the same cell. To report this scenario by SHR may require a comparably big change, as the current SHR determination is performed upon successful completion of the RA or mobility procedure, the SHR availability indication successHO-InfoAvailable is included in Msg5, whereas the BFR may happen shortly afterwards.
An alternative solution to not change the procedure of SHR reporting is to use a NW-based solution, if BFR happens shortly after the successful LTM cell switch, the target cell/DU informs the source DU about the LTM switch to the wrong beam.
[bookmark: _Toc166149106]RAN2 to discussion the scenario of successful LTM cell switch to wrong beam.

Enhancement on RA Report
When the NW has identified a suitable candidate cell, it can send a PDCCH to ask UE to send a PRACH towards that candidate cell, a.k.a. PDCCH ordered early UL sync. Based on TS 38.321 as cited below, as long as PRACH is transmitted, this RA procedure is deemed as completed, no clear statement if it is successfully or unsuccessfully completed. 

	The MAC entity shall, for each Random Access Preamble:
1>	if the Random Access Procedure is triggered by a PDCCH order for an LTM candidate cell:
2>	consider this Random Access procedure completed.



1. [bookmark: _Toc166149088]The UE cannot distinguish if the PDCCH ordered PRACH is successfully completed or not.
The RA report targets successful RA procedures. A list of up to 8 RA reports can be logged in VarRA-Report. Before LTM cell switch execution, the NW may schedule several PDCCH ordered PRACH transmissions towards one or multiple candidate cells for early UL sync. More importantly, as the UE cannot distinguish if the PRACH transmission is successful or not, it is useless to log the PDCCH ordered PRACH transmission for RA optimization purpose. 
[bookmark: _Toc166149107]RAN2 agree not to log the PDCCH ordered PRACH transmission for LTM early UL sync into the RA report.
As described in 2.1.2 and 2.1.3, in the LTM cell switch command, if a TA value is included or if the UE has successfully measured the TA, then the RA produce can be skipped and RACH-less LTM can be processed.
Failure of the RACH-less LTM cell switch will lead to an RRC connection re-establishment procedure, with an increased interruption time for the UE. If Proposal 10 is agreed, the RACH-less failure can be known to the NW.
However, upon failure on the RACH-less procedure, the UE may fall back to RACH-based procedure before expiry of T304. In order to detect if there is a previous RACH-less failure before the RA procedure, a fallback indication can be included in RA-Report when the fall-backed RACH procedure is successfully completed. In case that the fall-backed RACH-based procedure also fails, this fallback indication is then useful in the RLF-Report for the NW to detect the root cause for the LTM cell switch failure. Furthermore, in a near failure case, this fallback indication is also beneficial in SHR for the NW to optimize the LTM cell switch procedure.
RA-InformationCommon is included in the RA-Report, the RLF-Report and the SHR, it is simple and straightforward to log the fallback indication from RACH-less LTM to RACH-based LTM in RA-InformationCommon.
[bookmark: _Toc166149108]Include an indication of fallback from RACH-less LTM to RACH-based LTM inside RA-InformationCommon to enable logging it in the RA-report, the RLF-Report and the SHR.

SON features for CHO with candidate SCGs
In Rel-18, another feature called CHO with candidate SCG was introduced. In this feature, a UE is configured with triggering conditions to perform a CHO and other triggering conditions to perform CPC. Upon fulfilling both the CHO and the CPC triggering conditions, the UE would perform PCell handover and PSCell change. Since both set of triggering conditions are required to be fulfilled before attempting handover, it is important that the triggering conditions have synergies between them. Thus, the network will require some additional information in the SON reports to understand if it requires to perform any optimization for this specific “CHO with candidate SCGs” configuration.
One such piece of information is to identify when the triggering conditions were satisfied in the UE. For example, if the CHO conditions were satisfied at t1 and CPC conditions are satisfied at t2, some notion of this time information is valuable for the network. For example, if the triggering conditions for CHO are fulfilled before the CPC triggering conditions, and the time elapsed between the two is large, then it is possible that the CHO (which was fulfilled first) may fail either during the mobility execution or early after HO. Equipped with this information, the network can identify if the configured triggering conditions were well matched or if some form of optimization is required.
[bookmark: _Toc166149109]The UE includes information in the RLF report and the SHR regarding when the triggering conditions of CHO and CPC were fulfilled with respect to each other or to a failure. RAN2 to discuss details of the time information and suitable report where it can be included.
Furthermore, if the UE attempts to perform CHO and CPC and declares RLF, it will generate an RLF report. It is important for the network to understand from the RLF report that the UE was attempting both CHO and CPC according to CHO with candidate SCG configuration. Hence, a new last handover type should be included in the RLF report.
[bookmark: _Toc166149110]RAN2 should agree to define a new lastHO-Type in RLF report for CHO with Candidate SCG.
Furthermore, since the UE performs both PCell handover and PSCell change, it is possible that it may generate both an SHR and an SPR, if configured by the network. In our view, the SHR and SPR are correlated, and network needs to consider this correlation while analyzing the reports.
[bookmark: _Toc166149111]RAN2 to discuss how to indicate correlation between SHR and SPR, if the SHR and SPR are generated because the UE performed simultaneous PCell handover and PSCell change due to CHO with candidate SCG.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	If the UE falls back from RACH-less LTM falls to RACH-based LTM, this will increase the LTM interruption time which is a sub-optimal scenario.
Observation 2	The UE cannot distinguish if the PDCCH ordered PRACH is successfully completed or not.

Based on the discussion in the previous sections we propose the following:
Proposal 1	If configured the log the L1 measurements for serving cell, target cell and other LTM candidate cells in RLF report, upon RLF or mobility failure.
Proposal 2	RAN2 agree to reuse the timeConnFailure and the reconnectCellId in RLF-report for the LTM failures.
Proposal 3	RAN2 agree to define a new field in RLF-report to log the LTM recovery cell ID upon selecting an LTM candidate cell.
Proposal 4	Extend lastHO-Type in RLF-Report to indicate the LTM cell switch as last executed mobility procedure.
Proposal 5	Enhance RLF-Report with the time elapsed from LTM configuration reception to connection failure.
Proposal 6	Enhance the RLF-Report with beam information.
a.	The beam UE failed to perform LTM cell switch,
b.	The beam UE succeeded to recover/re-establish or reconnect
Proposal 7	Early DL sync related information needs to be logged in RLF report. Details FFS.
Proposal 8	Early UL sync related information needs to be logged in RLF report. Details FFS.
Proposal 9	RAN2 agree to log L1 measurements for serving cell, target cell and other LTM candidate cells in SHR.
Proposal 10	No need to log the time information elapsed between LTM configuration and LTM execution for the target cell in SHR.
Proposal 11	UE-based TA measurements related information needs to be logged in SHR for early UL sync, but not information related to network-controlled early UL sync.
Proposal 12	UE logs information concerning the sub-optimal early DL synchronization in SHR e.g., whether the UE has lost the early synch to the target cell.
Triggering SHR based on fallback to RACH-based LTM
Proposal 13	Introduce fallback from RACH-less LTM to RACH-based LTM as a new trigger to log SHR.
Proposal 14	RAN2 to discussion the scenario of successful LTM cell switch to wrong beam.
Proposal 15	RAN2 agree not to log the PDCCH ordered PRACH transmission for LTM early UL sync into the RA report.
Proposal 16	Include an indication of fallback from RACH-less LTM to RACH-based LTM inside RA-InformationCommon to enable logging it in the RA-report, the RLF-Report and the SHR.
Proposal 17	The UE includes information in the RLF report and the SHR regarding when the triggering conditions of CHO and CPC were fulfilled with respect to each other or to a failure. RAN2 to discuss details of the time information and suitable report where it can be included.
Proposal 18	RAN2 should agree to define a new lastHO-Type in RLF report for CHO with Candidate SCG.
Proposal 19	RAN2 to discuss how to indicate correlation between SHR and SPR, if the SHR and SPR are generated because the UE performed simultaneous PCell handover and PSCell change due to CHO with candidate SCG.

