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1	Introduction
[bookmark: _Ref178064866]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. 
[bookmark: OLE_LINK31]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]

This contribution discusses considerations regarding MRO feature enhancements for LTM and for and CHO with candidate SCGs.
[bookmark: _Ref154582601]2	MRO enhancements for LTM
During RAN3#123-bis, the following agreements were taken on MRO for LTM:
Work on scenarios of near failure LTM
Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell
Next sections will therefore discuss further the scenarios to be discussed in RAN3.
2.1	LTM scenarios
During RAN2#125bis, it was agreed in [1] that the following scenarios were to be studied (with Ericsson highlighting): 
	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.



Despite these use cases being agreed by RAN2, we have found some minor issues with them. As these use cases will not be treated during the current RAN2 meeting, and as they are important for RAN3 as well, we would like them to be updated and agreed by RAN3.
The issues we have found are (see also highlighted text above):
1. For case 1b, there were no suitable cell for the LTM cell switch, and no suitable cell for the recovery to the first failure either (because LTM Recovery or RRC re-establishment failed). As there were no suitable cells at all, we are hesitant to describe this use case as a "Too late LTM cell switch". We would like to denote this use case as FFS.
2. For case 2b, it is written that the UE suffers two consecutive HOF/RLFs, and then performs reestablishment. However, there is no provision in the specification for that. Rather, after the second failure, the UE will go to IDLE. 
3. For case 3a, which is a "LTM to wrong cell" case, it is written that the UE reestablishes at the source cell. However, that would be a "Too early LTM" case. Instead, the UE reestablishes to a "third cell", not being the source nor target cell.
4. Case 3b, is similar to case 2b in that UE suffers two consecutive HOF/RLFs and then performs reestablishment. Also in this case, after the second failure, the UE will go to IDLE. 
For these reasons, we would like to rewrite the agreements accordingly:
	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. [This use case is FFS.]
-	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 goes to IDLEperforms 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 cella third cell, not being the source or target 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 proceduregoes to IDLE.
-	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.



This leads to the following proposal, with RAN3 agreeing the updated use-cases.
RAN3 to agree the MRO use cases for LTM:
· 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. [This use case is FFS.]
· 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 goes to IDLE.
· 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 a third cell, not being the source or target 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 goes to IDLE.
· 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.

These failure cases should also be captured in an update to TS 38.300 [2]. Here we propose the following definitions to be added to clause 15.5.21.2.2, covering all the sub-cases defined above:
	-	Too Late LTM cell switch: an RLF occurs after the UE was configured with at least one LTM configuration; the UE attempts LTM recovery or to re-establish the radio link connection in a candidate cell different from the last serving cell.
Editor's note: In the above definition it is FFS if the failed LTM recovery should be considered as a too late LTM switch.
-	Too Early LTM cell switch: an RLF occurs shortly after a successful LTM cell switch from a source cell to a target cell or a LTM cell switch failure occurs during the LTM cell switch procedure; the UE attempts LTM recovery or to re-establish the radio link connection in the source cell.
-	LTM cell switch to Wrong Cell: an RLF occurs shortly after a successful LTM cell switch from a source cell to a target cell or a LTM cell switch failure occurs during the LTM cell switch procedure; the UE attempts LTM recovery or to re-establish the radio link connection in a cell other than the source cell or the target cell.



Note that we’ve added an Editor's note corresponding to the FFS part in Proposal 1. A TP to TS 38.300 mirroring the definitions above is proposed to be agreed in Annex 1.
Agree LTM problem definitions in TP in Annex 1.

Now, looking at scenarios described in Proposal 1, it needs to be noticed that there are 2 ways for the UE to perform RRC re-establishment instead of LTM Recovery after a first RLF/HOF. Either the selected cell is not an LTM candidate cell, or the network did not allow the UE to perform LTM Recovery (attemptLTM-Switch-r18 in RRC). Therefore, 3GPP needs to differentiate (e.g. by means of information contained in RLF Report) cases were the selected cell was not an LTM candidate, or if LTM Recovery was not allowed by the network,
For LTM, in case of RLF/HOF, and for root cause analysis, the network needs to know the reason if and why LTM Recovery was not attempted (i.e. selected cell was not a candidate cell, or LTM Recovery was not allowed).

2.2 	RACH-less and RACH based optimization.
During RAN3#123-bis, RACH-based vs RACH-less LTM optimizations were discussed, but with no conclusion so far. As RACH-less is a critical addition to Rel-18, and essential for LTM, and as RACH-based can also be performed, it is needed to optimize RACH-less access itself, but also being able to differentiate RACH-less access from RACH-based when performing root cause analysis of LTM failure and near failure cases.
RAN3 to discuss enhancements related to RACH-less access, and the differentiation of RACH-less access from RACH-based access when performing root cause analysis of failure and near failure cases.

In a LTM cell switch attempt, the UE may be configured to obtain uplink sync in two different ways. 
1. The first way is a RACH-less procedure, where the UE is configured with TA configuration from the network and uses it to obtain access. Configuration for this procedure is optional.
2. The second way is to use a RACH-based procedure, much like legacy handover. Configuration for this procedure is mandatory.
The RACH-less procedure may fail for a number of reasons, for example the TA configuration becoming stale after a short while. In this case the UE may fall back to the RACH-based procedure. However, this fallback is not mandatory. If this fallback is not employed by the UE, the UE will declare an RLF. 
When attempting a LTM cell switch, and a RACH-less access is configured in the UE, the UE will first attempt a RACH-less access. If that fails, the UE may fall back to a RACH-based access.
When attempting a LTM cell switch, and if no RACH-less access is configured in the UE, the UE will attempt a RACH based access.

If a LTM cell switch fails, this should be reported using a RLF Report in the same way that a legacy handover failure results in a RLF Report.
[bookmark: _Toc162983729]There should be a possibility to configure a UE to generate a RLF Report after a failed LTM cell switch.

For LTM, we need to distinguish between a set of failure cases:
1. The UE was configured for both RACH-less and RACH-based access. The RACH-less access failed, and the UE used a RACH-based access as fallback. The RACH-based access succeeded. This case should not result in a RLF Report, as the access finally succeeded.
2. The UE was configured for both RACH-less and RACH-based access. The RACH-less access failed, and the UE used a RACH-based access as fallback. The RACH-based access failed as well. This case should result in a RLF Report.
3. The UE was configured for only a RACH-based access. The RACH-based access failed. This case should result in a RLF Report.

Item 1 above should not result in an RLF. However, items 2 and 3 should generate an RLF. As it is now, there is no possibility of separating these failures. 
For current RLF Reports, there is no possibility to observe whether a LTM cell switch failure attempted both RACH-less and RACH-based access, or only RACH-based access.
However, for root cause analysis, it is important to distinguish these cases. Therefore, it is proposed that the RLF Report is enhanced with information indicating that RACH-less access was attempted but failed.
Enhance RLF Report with information indicating that RACH-less access was attempted but failed.

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 procedure 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. 
[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.
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.
[bookmark: _Toc166149105]Introduce fallback from RACH-less LTM to RACH-based LTM as a new trigger to log SHR.
Enhance SHR with information indicating that RACH-less access was attempted but failed.

Similar observations and enhancements can be made for the RA Report. As described above, in the LTM cell switch command, if a TA value is included or if the UE has successfully measured the TA, then the RA procedure can be skipped and RACH-less LTM can be performed.
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. With enhancement to RLF Report proposed above, 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.

2.3	Optimization triggered by RLF Report and its impact on F1
In case of LTM handover failure, there are at least two types of handover optimisation that the serving gNB can perform:
Firstly, and similar to L3 HO, HO triggers can be optimized (e.g. trigger LTM earlier to avoid too late LTM). For LTM, the trigger for execution of LTM is performed at MAC level, which is part of DU. Therefore, the DU should be in charge of optimisations related to LTM trigger. 
DU is in charge of optimisations related to LTM trigger (i.e. sending the MAC CE command).
Secondly, and similar to CHO, the selection of LTM candidate cells can be optimized (e.g. add the re-establishment cell as an LTM cell candidate). In LTM, the responsibility for cell selection belongs to the CU. Therefore, the CU should be in charge of optimisations related to LTM candidate cells selection.
CU is in charge of optimisations related to LTM candidate cells selection.
Therefore, both the CU and the DU need to receive the RLF report. When the UE notifies to the gNB that an RLF Report is available, this notification is received by the CU, as the RRC protocol is tunnelled through the DU and terminated in the CU. For this reason, the CU needs to transfer the RLF Report to the DU, in order for the DU to be able to use it for its optimisations. Such procedure (i.e. Access And Mobility Indication) already exists over F1, and can be reused for LTM. 
[bookmark: _Hlk163474709]For the purpose of LTM, the CU shall transfer the RLF Report to the DU(s), using existing mechanism (F1), and the ACCESS AND MOBILITY INDICATION message.

3	MRO enhancements for CHO with candidate SCGs
3.1	Use case definitions
During RAN3#123-bis, some use-cases of possible CHO with candidate SCGs were presented and discussed in R3-241910. A summary is presented in Figure 1 below.

[image: ]
Figure 1: CHO with candidate SCGs failures use-cases, from R3-241910

For cases 1, 2, 3 and 9, it is proposed to study sub-cases with or without fast MCG recovery failure. However, this dimension is not taken into account for Rel-17/18 CHO. And RAN3 agreed the following during last meeting:
R19 SON/MDT solution discussion is based on R18 work.
Which means that MRO for CHO and MRO for CPAC should be taken as baseline. Therefore it is proposed to not take into account fast MCG Recovery for the definition of CHO with candidate SCGs scenarios.
Fast MCG Recovery is not taken into account for the definition of CHO with candidate SCGs scenarios.

For cases 1, 2, 3, 7, 8 and 9, it is proposed to study MCG+SCG failure (i.e. MCG at the exact same time as an SCG failure). However, this is a corner case, for which there is often no possible enhancement from a network point of view (e.g. UE enters a tunnel). Therefore, and considering the high number of cases to be discussed, it is proposed to down-prioritized concurrent MCG and SCG failure.
Concurrent MCG and SCG failure is down-prioritized.

Cases 4, 5 and 6 can also be down-prioritized because these are CHO failures, which should be covered by previous releases of MRO features.
Cases 4, 5 and 6 are down-prioritized.

Case 9 needs to be clarified. The failure case described is:
1. CHO execution condition is met (event is fulfilled)
2. CHO execution is unmet (event is not fulfilled anymore)
3. CPAC execution condition is met
4. Failure
However, the figure shows twice the event 3 above, whereas event 2 is not shown.
Clarify case 9 and correct Figure 1.

3.2 Reducing the time between associated conditions
One of the main differences when we compare CHO with candidate SCGs to plain-old CHO+CPAC is that one CHO configuration and one CPAC configuration can now been linked together. In fact, for the UE to apply the PCell and PSCell configuration, both conditions (the one related to PCell and the one related to PSCell) need to be fulfilled. The goal for an optimized feature is then to have both conditions fulfilled at the same time, or close. If one of the conditions is not fulfilled, the CHO with candidate SCGs will not be executed at all. Which is sub-optimal, to say the least, or can even lead to failure:
· RLF due to UE waiting for the CPAC condition to be fulfilled.
· SCG Failure due to UE waiting for the CHO condition to be fulfilled.
Therefore, one important point to be discussed and optimized is how to reduce the time between fulfilment of CHO execution condition and CPAC execution condition.
Study solutions to reduce the time between fulfilment of CHO execution condition and CPAC execution condition.
4	References
R2-125bis_Maint_eRedCap_SON-MDT_(Mattias)_20240419_Final.docx 
3GPP TS 38.300, "NR and NG-RAN Overall Description; Stage 2"


5	Conclusion
MRO enhancements for LTM and CHO with candidate SCGs was discussed and the following proposals and observations were made: 

For MRO enhancements for LTM:
1. RAN3 to agree the MRO use cases for LTM:
· 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. [This use case is FFS.]
· 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 goes to IDLE.
· 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 a third cell, not being the source or target 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 goes to IDLE.
· 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.
Agree LTM problem definitions in TP in Annex 1.
For LTM, in case of RLF/HOF, and for root cause analysis, the network needs to know the reason if and why LTM Recovery was not attempted (i.e. selected cell was not a candidate cell, or LTM Recovery was not allowed).
RAN3 to discuss enhancements related to RACH-less access, and the differentiation of RACH-less access from RACH-based access when performing root cause analysis of failure and near failure cases.
1. RAN3 to discuss enhancements related to RACH-less access, and the differentiation of RACH-less access from RACH-based access when performing root cause analysis of failure and near failure cases.
When attempting a LTM cell switch, and if no RACH-less access is configured in the UE, the UE will attempt a RACH based access.
There should be a possibility to configure a UE to generate a RLF Report after a failed LTM cell switch.
For current RLF Reports, there is no possibility to observe whether a LTM cell switch failure attempted both RACH-less and RACH-based access, or only RACH-based access.
For current RLF Reports, there is no possibility to observe whether a LTM cell switch failure attempted both RACH-less and RACH-based access, or only RACH-based access.
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.
Introduce fallback from RACH-less LTM to RACH-based LTM as a new trigger to log SHR.
Enhance SHR with information indicating that RACH-less access was attempted but failed.
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.
DU is in charge of optimisations related to LTM trigger (i.e. sending the MAC CE command).
CU is in charge of optimisations related to LTM candidate cells selection.
For the purpose of LTM, the CU shall transfer the RLF Report to the DU(s), using existing mechanism (F1), and the ACCESS AND MOBILITY INDICATION message.

For MRO enhancements for CHO with candidate SCGs:
Fast MCG Recovery is not taken into account for the definition of CHO with candidate SCGs scenarios.
Concurrent MCG and SCG failure is down-prioritized.
Cases 4, 5 and 6 are down-prioritized.
Clarify case 9 and correct Figure 1.
Study solutions to reduce the time between fulfilment of CHO execution condition and CPAC execution condition.


Annex 1:	TP to 38.300 on MRO Use Cases

First change
[bookmark: _Toc46502095][bookmark: _Toc51971443][bookmark: _Toc52551426][bookmark: _Toc163030137]15.5.2.2.2	Connection failure due to intra-system mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
-	Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
[bookmark: _Hlk166062660]In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In case of CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell in the definition above means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell.
For LTM, connection failures that occur due to Too Early or Too Late LTM cell switch, or LTM cell switch to Wrong Cell are defined as follows:
-	Too Late LTM cell switch: an RLF occurs after the UE was configured with at least one LTM configuration; the UE attempts LTM recovery or to re-establish the radio link connection in a candidate cell different from the last serving cell.
Editor's note: In the above definition it is FFS if the failed LTM recovery should be considered as a too late LTM switch.
-	Too Early LTM cell switch: an RLF occurs shortly after a successful LTM cell switch from a source cell to a target cell or a LTM cell switch failure occurs during the LTM cell switch procedure; the UE attempts LTM recovery or to re-establish the radio link connection in the source cell.
-	LTM cell switch to Wrong Cell: an RLF occurs shortly after a successful LTM cell switch from a source cell to a target cell or a LTM cell switch failure occurs during the LTM cell switch procedure; the UE attempts LTM recovery or to re-establish the radio link connection in a cell other than the source cell or the target cell.
In the definition above, the "successful LTM switch" refers to the UE state, namely the successful completion of the PDCCH order-based early UL sync or the RA procedure.
End of changes
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