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1	Introduction
[bookmark: _Ref178064866]In RAN#88e a new WID on enhancement of data collection for SON/MDT in NR was approved [1]. In the following, we will discuss the objectives of the WID related to SON aspects. In particular, we will outline the scope and the requirements that RAN2 should address in Rel-17 when it comes to handover-related SON features.
2	Discussion
The new Rel-17 WID on enhancement of data collection for SON/MDT [1] contains various objectives that calls for enhancements to the existing SON framework. Specifically, the following was captured in the new WID:
· 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 Optimization 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]

Mobility enhancement optimization related to new mobility features introduced in Rel-16, such as conditional handover (CHO) and dual-active protocol stack (DAPS) require standardization efforts both in RAN2 and RAN3.
In this paper we discuss both CHO and DAPS-related aspects to be considered in the SON framework for Rel.17.
2.1 CHO aspects for SON
Related to CHO, in RAN#111 online meeting following agreements have been made: 
[bookmark: _Toc48718836]=>	The following CHO scenarios are considered:
[bookmark: _Toc48718837]1) Successful CHO and HO (i.e. no failure happens). FFS consideration in RAN2/3
[bookmark: _Toc48718838]2) Unsuccessful CHO due to late CHO execution.
[bookmark: _Toc48718839][bookmark: _Hlk47954680]3) Unsuccessful CHO after CHO execution.
4) Successful or Unsuccessful CHO after unsuccessful CHO or handover failure.
Note: Other scenarios are not ruled out
=>	RAN2 should study what CHO failure information can be stored in RLF report. 


Related to mobility aspects of the SON framework, the following type of failures are typically considered, as captured in TS 38.300: 
· Too Late Handover: An RLF occurs after the UE has stayed for a long period of time in the source cell; the UE attempts to re-establish the radio link connection in a different cell.
· 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.
· 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.
Depending on the content of the RLF-Report specified in Rel-16, the network can figure out which type of failure really occurred, and possibly it can take proper counteractions to minimize the occurrences of HO issues in future.
The existing Rel-16 SON framework does not consider the presence of such new functionalities such as Conditional handover. 
In the following section, we will discuss more in detail which aspects of CHO RAN2 should address.
2.1.1 Enhancements related to Conditional HO
In CHO, unlike ordinary HO, the network can prepare in advance the UE for HO to multiple candidate target cells. Upon being configured with CHO, the UE will start monitor the candidate target cells, and once the HO condition, i.e. A3 or A5 event, is fulfilled for one of the candidate target cells, the UE performs the HO to the selected target cell, without any further HO command. 
Benefit of this feature is a potential decrease in the risk of HO failures (too late handovers in particular) and increased robustness, since all the configurations needed to perform the HO may be provided by the network well in advance, before the radio quality deteriorates. However, a proper configuration of the CHO parameters is crucial not only to reduce the probability of HO failures, but also to reduce the radio resource and gNB capacity consumption.
Scenario 1: Success CHO but inefficient configurations
A side-effect of CHO is that it may be configured too early to the UE with respect to the CHO execution time. In fact, the CHO configuration implies that the source cell has to prepare in advance all the candidate target cells which in turn should reserve memory and radio resources, e.g. RACH resources, much earlier than in a normal HO case, and also even if only one of them will be eventually selected by the UE as target cell. For all this time before HO is really executed, the candidate target cells have to reserve resources for the UE. Therefore, it is important from the network perspective to reduce this resource reservation time.
Additionally, in order to reduce the interruption time at HO, the source cell may need to initiate packet forwarding towards the candidate target cells, which in such case might be quite costly, especially if packet forwarding is initiated too early. An inefficient CHO configuration may hence cause an increase in the radio and X2 resource consumption as well as in the capacity consumption, even if the CHO is eventually successful.
[bookmark: _Toc53994564][bookmark: _Toc54278886]An inefficient CHO configuration may cause an increase in the radio resource and X2 resource consumption as well as in the capacity consumption, even if the CHO is eventually successful.
For the above reasons, a proper configuration of the conditional HO parameters is crucial to reduce radio resources wastage and gNB capacity wastage. In order to aid such proper network configuration, RAN2 should discuss how the UE should assistance the network in properly tuning CHO configuration parameters. For example, RAN2 should consider including in the successful CHO report an indication of the prepared target candidate cells, the radio qualities of the various candidate target cells (for example at CHO execution), the time between reception of CHO configuration and CHO execution, etc.
[bookmark: _Toc53994570][bookmark: _Toc54278891]RAN2 to discuss the content of successful CHO report including, e.g. 
a. [bookmark: _Toc53994571][bookmark: _Toc54278892]An indication of the prepared candidate target cells 
b. [bookmark: _Toc53994572][bookmark: _Toc54278893]The radio measurements of the various candidate target cells at CHO execution 
c. [bookmark: _Toc53994573][bookmark: _Toc54278894]The time between reception of CHO configuration and CHO execution

Scenario 2: Unsuccessful CHO during CHO monitoring
This scenario is similar to the “too late handover” in normal HO cases. However, in CHO a too late handover might lead to different consequences.
In CHO, the gNB may prepare certain cells for CHO and configure the UE with such candidate target cells. The UE may then start evaluating the candidate target cells. However, it can happen that while doing such an evaluation, an RLF occurs. As a result of such RLF, the UE may select another cell for reestablishment which may be already in the list of candidate target CHO cells or not.	
Therefore, it seems important for the network to know that the RLF report was related to a failure occurred when the UE had a CHO configuration and in particular which cells were configured for CHO, and if the re-established cell was already in the list of configured CHO cells or not. That is important, because if the cell was already in the list of configured candidate CHO cells, then the UE does not need to perform a complete reestablishment procedure, i.e. it does not need to transmit the RRCReestablishmentRequest message, and it can just apply the conditional configuration for such re-established cell.
Hence, on the basis of the above information, the network may decide to remove some cells from the list of candidate CHO cells, and include for example the re-established cell in such list if not already included. 
Additionally, it might also be beneficial if the network knows the radio measurements related to the candidate target cells at RLF, as well as the radio measurements related to the re-established cell, so that the network can properly tune the CHO parameters for the A3/A5 events. 
RAN2 has already agreed at last RAN2#111 to consider the scenario of “Unsuccessful CHO due to late CHO execution” in the SON framework during the WI. Therefore, RAN2 should now focus on how to represent this scenario in the RLF report. For example, RAN2 should consider to include in the RLF report, the time between reception of the conditional handover configuration to the time it experienced the RLF, an indication of the prepared candidate target cells, an indication of whether re-established cell was already in the list of configured CHO cells, radio measurements related to the candidate target cells at RLF, as well as the radio measurements related to the re-established cell
[bookmark: _Toc53994574][bookmark: _Toc54278895]RAN2 to discuss the content of the RLF report content in case of “Unsuccessful CHO due to late CHO execution”, including e.g. 
d. [bookmark: _Toc53994575][bookmark: _Toc54278896]The time between reception of the conditional handover configuration to the time it experienced the RLF, 
e. [bookmark: _Toc53994576][bookmark: _Toc54278897]An indication of the prepared candidate target cells
f. [bookmark: _Toc53994577][bookmark: _Toc54278898]An indication of whether the re-established cell was already in the list of configured CHO cells
g. [bookmark: _Toc53994578][bookmark: _Toc54278899]The radio measurements related to the candidate target cells at RLF, as well as the radio measurements related to the re-established cell. 
Scenario 3: Unsuccessful CHO after CHO execution
This is similar to the “too early handover” and “handover to wrong cell” in normal HO. In this case, the UE executes the CHO configuration upon fulfilling the CHO triggering conditions for one of the target cells. However, a CHO handover failure may occur, and as such the UE may trigger a reestablishment procedure. Since the UE in Rel-16 may perform HO either following the ordinary HO procedure or the new CHO function, it is important to distinguish in the RLF report the case of ordinary HO failure and CHO failure.  
RAN2 agreed to consider the scenario of “Unsuccessful CHO after CHO execution” in the SON framework during the WI
[bookmark: _Toc53994579][bookmark: _Toc54278900]Indicate in the RLF report which type of handover failure occurred, e.g.  failure or ordinary HO or failure of CHO after CHO execution.
Additionally, similar to Scenario 2, it can happen that the cell in which the UE re-establishes its connection was already in the list of candidate target cells or not. We also note that if we follow the legacy procedural text, the UE will prepare an RLF report with handover failure indication, as soon as the handover towards the fist cell to which CHO was executed fails, even if the UE then successfully re-establishes to another cell which was already in the list of candidate target cells without transmitting any RRCReestablishmentRequest. Therefore, it is important that the RLF reports indicates whether the re-established cell was already in the list of candidate target cells or not, so that the source gNB can infer whether the UE applied the CHO configuration to re-establish its connection or if it had to carry out a complete reestablishment procedure. Additionally, as for Scenario 1, it is useful to know the time elapsing between CHO configuration and CHO execution, as well as the time between CHO execution and successful reestablishment to candidate target cells (or to a non-candidate target cells), in case the first CHO attempt failed.
[bookmark: _Toc53994565][bookmark: _Toc54278887]Both in case of “Unsuccessful CHO during CHO monitoring” and “Unsuccessful CHO after CHO execution”, it is beneficial for the network to know whether the UE was configured with CHO candidate target cells, and whether the re-established cell (if any) was in the list of CHO candidate target cell.
[bookmark: _Ref46928811][bookmark: _Ref53672443][bookmark: _Toc53994580][bookmark: _Toc54278901]RAN2 to discuss the content of the RLF report in case of “Unsuccessful CHO after CHO execution”, including e.g.:
h. [bookmark: _Toc53994581][bookmark: _Toc54278902]The time between reception of CHO configuration and CHO execution
i. [bookmark: _Toc53994582][bookmark: _Toc54278903]The time between CHO execution and successful reestablishment to a third cell after CHO failure towards the candidate target cell selected at CHO execution 
j. [bookmark: _Toc53994583][bookmark: _Toc54278904]An indication of whether the re-established cell was already in the list of configured CHO target cells
k. [bookmark: _Toc53994584][bookmark: _Toc54278905]The radio measurements related to the re-established cell, as well as the radio measurements at CHO execution. 
In RAN2#111, it was agreed also a fourth scenario:
=>	The following CHO scenarios are considered:
1) Successful CHO and HO (i.e. no failure happens). FFS consideration in RAN2/3
2) Unsuccessful CHO due to late CHO execution.
3) Unsuccessful CHO after CHO execution.
4) Successful or Unsuccessful CHO after unsuccessful CHO or handover failure.
Note: Other scenarios are not ruled out

In our understanding, the fourth scenario can be captured within the Scenario 3 discussed above in our paper, i.e. as part of the “Unsuccessful CHO after CHO execution”. If the UE fails to perform CHO towards the first selected candidate target cells for which CHO execution was triggered, the UE signals in the RLF report whether the third cell selected after CHO failure was a configured target cell or not. In case the reestablishment to the third cell fails, irrespective of whether this third cell is candidate target cell or not, the UE should indicate noSuitableCellFound as in legacy.
[bookmark: _Toc53994585][bookmark: _Toc54278906]The scenario of "Successful or Unsuccessful CHO after unsuccessful CHO or handover failure” is considered a subcase of “Unsuccessful CHO after CHO execution". 
[bookmark: _Toc53994586][bookmark: _Toc54278907]The content of the RLF report proposed in Proposal 4 represents the scenario of “Successful or Unsuccessful CHO after unsuccessful CHO or handover failure”.
2.2 DAPS aspects for SON
Related to DAPS, the following agreements were taken in RAN2#111:
[bookmark: _Toc48718890]=>	RAN2 to consider the SON aspects of DAPS HO as part of the WI.

[bookmark: _Toc48718850]=>	RAN2 to agree studying the RLF report and/or FailureInformation message contents in the DAPS failure scenarios.
In Rel-16, DAPS was introduced as a further mobility enhancement. In the case of DAPS handover, the UE keeps receiving and transmitting data on DAPS DRBs from/to the source cell after the reception of the HO command and for the whole duration of the HO procedure. Once the HO procedure is completed, the UE stops transmitting the UL data in the source and UL data are just transmitted on the target cell. For the DL instead, the UE keeps receiving DL data from both the source and the target until the source cell connection is explicitly released by the target via RRCReconfiguration including daps-SourceRelease. 
Figure 1 shows the DAPS HO procedures before and after the HO completion.
[image: ][image: ]
[bookmark: _Ref46997197]Figure 1: DAPS HO procedures before and after HO complete message.

In this section, we focus on DAPS-related scenarios that RAN2 should consider during the WI.
[bookmark: _Hlk53691206]Scenario 1: DAPS handover failure with falling back to the source cell
From the control plane perspective, with DAPS handover, the UE shall continue RLM with respect to the source cell until successful RA completion, if timer T304 expires before successful completion of the random access procedure or random access procedure is unsuccessful in the target cell then the UE falls back to the source cell and transmits FailureInformation message to the source cell. 
According to the SON framework, this failure case is similar to legacy “too early handover”, the difference is that UE should fall back to the source cell (according to the procedural text). Thus, it can be considered as a new failure case “Too early DAPS handover execution with fallback to the source cell”
We note that from the existing legacy procedural text, no RLF report including HOF indication will be triggered. Rather, the UE will just transmit a FailureInformation message in the source cell, with failureType set to dapsHO-failure. Hence, some useful information, such as the neighbouring cells results, the location info, etc., that are included within the HOF report will not be included in this case. Therefore, the source gNB may not have enough information to select a proper target cell for DAPS HO.
[bookmark: _Toc53994566][bookmark: _Toc54278888]In the case of DAPS handover failure with fallback to source cell, no RLF report with HOF indication will not be included by the UE, as per legacy procedure. Hence, the source gNB may not have enough information to select a proper target cell for DAPS handover.
[bookmark: _Toc53668230][bookmark: _Toc53994587][bookmark: _Toc54278908][bookmark: _Toc47646496][bookmark: _Hlk53666805]RAN2 to consider the scenario: “Too early DAPS handover execution with fallback to the source cell”, i.e. an RLF occurs during the handover procedure and the UE falls back to the source cell. 
One proposal is therefore to ensure that even in the case of DAPS HO failure with fallback to source cell, the UE reports to the network some information related to such failure, in order to aid the network to improve the DAPS HO performances. It can be discussed whether such information should be conveyed in the RLF-report or in an enhanced DAPS failure information message.
[bookmark: _Toc47646497][bookmark: _Toc53668231][bookmark: _Toc53994588][bookmark: _Toc54278909]In the case of “Too early DAPS handover execution with fallback to the source cell”, the UE includes some information related to such failure, e.g. neighbouring measurement results, location information, RA-related info etc., similar to the legacy RLF report.
[bookmark: _Toc47646498][bookmark: _Toc53668232][bookmark: _Toc53994589][bookmark: _Toc54278910]RAN2 to discuss whether to include the information related to “Too early DAPS handover execution with fallback to the source cell” in the RLF-report or in the FailureInformation message.

Scenario 2: DAPS handover failure without falling back to the source cell
This scenario occurs when the UE experiences a DAPS handover failure in the target cell, and an RLF with the source while performing DAPS HO. Therefore, in this case, the UE cannot perform a fallback to the source, and it has to perform a legacy reestablishment procedure, upon which, it may re-establish to a third cell or again to the source cell.
[bookmark: _Toc53994592][bookmark: _Toc54278911]RAN2 to consider the scenario of “DAPS handover failure without falling back to the source cell”, i.e. DAPS HOF occurs in the target, and RLF in the source while performing DAPS handover.

This scenario can be captured in the RLF report, however it is important to include an indication that the failure occurred when the UE executed a DAPS HO. For example, by combining this information with neighbouring measurement results and with the re-established cell information contained in the RLF report, the source cell can select another target cell for DAPS.
Further, some information related to RLF-cause in the source cell might be included, e.g. T310 in source cell, RLC maximum number of retransmissions in source cell, etc.
[bookmark: _Toc53994593][bookmark: _Toc54278912]RAN2 to discuss the content of the RLF report to represent the “DAPS handover failure without falling back to the source cell” scenario, including e.g. indication that fallback was not possible, cause of the RLF in source cell.

Scenario 3: RLF in the target cell after successful DAPS handover before DAPS source release
Another possible failure scenario can occur after successful DAPS handover execution before the daps-SourceRelease message is received. Due to the successfully performed random access, the UE cannot fall back to the source cell, since fallback to the source cell is only allowed upon T304 expiry. According to the SON framework, if the UE performs re-establishment to the source cell it can be considered as too early DAPS handover, if the UE performs re-establishment to the third cell it can be considered as DAPS handover to the wrong cell. 
We also note that as depicted in Figure 1, the source cell can continue performing the DL scheduling until the UE context release is sent from the target to the source. In particular, in RRC specification, the release of the source configuration, including MAC, DAPS bearers, PHY configuration, only happens after the target node sends the daps-SourceRelease message. For example, it is possible that the target cell delays the transmission of the daps-SourceRelease message in case the target connection is weak, so that the UE can still benefit of source leg connection for a while.
In case RLF occurs, when the daps-SourceRelease has not been sent yet, this should be captured in the RLF report.
[bookmark: _Toc53994568][bookmark: _Toc54278889]Before daps-SourceRelease reception, the UE can keep receiving DL data from the source cell, however if an RLF occurs in the target cell after HO completion the UE cannot fallback to the source cell, according to the legacy procedure.
In this case, it might be beneficial if the RLF report indicates such an event, along with a measurement related to the source PCell, e.g. the latest source radio measurement up to the moment in which the daps-SourceRelease message was received. . This information can be useful both for the target cell and source cell. The target cell can determine when to transmit the daps-SourceRelease message in order to minimize unnecessary transmissions (and hence the interference) from the source cell. On the other hand, the source cell can figure out that there was a “too early handover” to the target cell and that possibly the source PCell radio quality was still good at that time.
[bookmark: _Toc47646502][bookmark: _Toc53994594][bookmark: _Toc54278913]RAN2 to discuss the content of the RLF report to address the scenario of “RLF in target cell after DAPS HO successful completion and before daps-SourceRelease reception”, e.g. an indication of such type of failure, the latest measured source cell quality, etc.
More in general, since DAPS HO is expected to bring benefits to the UP, e.g. in terms of reduced HO interruption time, it might be good to know if the UP performances are as good as expected. In fact, the DAPS benefits may come at the expense of increased UE power consumption, increased radio resources consumptions, and higher number of duplicates transmitted by the network, etc. 
[bookmark: _Toc47646487][bookmark: _Toc53994569][bookmark: _Toc54278890]DAPS is expected to bring benefits to the UP, e.g. in terms of reduced HO interruption time, but such benefits may come at the expense for example of increased UE power consumption, higher radio resource consumptions, etc.
For the above reason, we believe that irrespective of whether a DAPS HO is successful or not, there should be means for the network to figure out whether it is beneficial or not to configure a DAPS HO. For example, knowing the UL/DL HO interruption time that the UE experienced might be an important information in general to allow the network figure out whether a DAPS HO could be beneficial for the system or not. Such information UP-related aspect may be included both in the RLF report, but also in a successful handover report, if RAN2 agrees to specify it.
[bookmark: _Toc47646503][bookmark: _Toc53668239][bookmark: _Toc53994595][bookmark: _Toc54278914]RAN2 to discuss how to include in the SON framework, user plane aspects of HO both for DAPS HO and ordinary HO, and both in case of handover failure and handover success
[bookmark: _Toc47646504][bookmark: _Toc53668240][bookmark: _Toc53994596][bookmark: _Toc54278915]RAN2 to discuss how to include in the SON framework, the experienced radio quality of the source and target cell during the whole DAPS HO procedure and both in case of handover failure and handover success.

Conclusion
In the previous sections we made the following observations: 
Observation 1	An inefficient CHO configuration may cause an increase in the radio resource and X2 resource consumption as well as in the capacity consumption, even if the CHO is eventually successful.
Observation 2	Both in case of “Unsuccessful CHO during CHO monitoring” and “Unsuccessful CHO after CHO execution”, it is beneficial for the network to know whether the UE was configured with CHO candidate target cells, and whether the re-established cell (if any) was in the list of CHO candidate target cell.
Observation 3	In the case of DAPS handover failure with fallback to source cell, no RLF report with HOF indication will not be included by the UE, as per legacy procedure. Hence, the source gNB may not have enough information to select a proper target cell for DAPS handover.
Observation 4	Before daps-SourceRelease reception, the UE can keep receiving DL data from the source cell, however if an RLF occurs in the target cell after HO completion the UE cannot fallback to the source cell, according to the legacy procedure.
Observation 5	DAPS is expected to bring benefits to the UP, e.g. in terms of reduced HO interruption time, but such benefits may come at the expense for example of increased UE power consumption, higher radio resource consumptions, etc.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss the content of successful CHO report including, e.g.
a.	An indication of the prepared candidate target cells
b.	The radio measurements of the various candidate target cells at CHO execution
c.	The time between reception of CHO configuration and CHO execution
Proposal 2	RAN2 to discuss the content of the RLF report content in case of “Unsuccessful CHO due to late CHO execution”, including e.g.
a.	The time between reception of the conditional handover configuration to the time it experienced the RLF,
b.	An indication of the prepared candidate target cells
c.	An indication of whether the re-established cell was already in the list of configured CHO cells
d.	The radio measurements related to the candidate target cells at RLF, as well as the radio measurements related to the re-established cell.
Proposal 3	Indicate in the RLF report which type of handover failure occurred, e.g.  failure or ordinary HO or failure of CHO after CHO execution.
Proposal 4	RAN2 to discuss the content of the RLF report in case of “Unsuccessful CHO after CHO execution”, including e.g.:
a.	The time between reception of CHO configuration and CHO execution
b.	The time between CHO execution and successful reestablishment to a third cell after CHO failure towards the candidate target cell selected at CHO execution
c.	An indication of whether the re-established cell was already in the list of configured CHO target cells
d.	The radio measurements related to the re-established cell, as well as the radio measurements at CHO execution.
Proposal 5	The scenario of "Successful or Unsuccessful CHO after unsuccessful CHO or handover failure” is considered a subcase of “Unsuccessful CHO after CHO execution".
Proposal 6	The content of the RLF report proposed in Proposal 4 represents the scenario of “Successful or Unsuccessful CHO after unsuccessful CHO or handover failure”.
Proposal 7	RAN2 to consider the scenario: “Too early DAPS handover execution with fallback to the source cell”, i.e. an RLF occurs during the handover procedure and the UE falls back to the source cell.
Proposal 8	In the case of “Too early DAPS handover execution with fallback to the source cell”, the UE includes some information related to such failure, e.g. neighbouring measurement results, location information, RA-related info etc., similar to the legacy RLF report.
Proposal 9	RAN2 to discuss whether to include the information related to “Too early DAPS handover execution with fallback to the source cell” in the RLF-report or in the FailureInformation message.
Proposal 10	RAN2 to consider the scenario of “DAPS handover failure without falling back to the source cell”, i.e. DAPS HOF occurs in the target, and RLF in the source while performing DAPS handover.
Proposal 11	RAN2 to discuss the content of the RLF report to represent the “DAPS handover failure without falling back to the source cell” scenario, including e.g. indication that fallback was not possible, cause of the RLF in source cell.
Proposal 12	RAN2 to discuss the content of the RLF report to address the scenario of “RLF in target cell after DAPS HO successful completion and before daps-SourceRelease reception”, e.g. an indication of such type of failure, the latest measured source cell quality, etc.
Proposal 13	RAN2 to discuss how to include in the SON framework, user plane aspects of HO both for DAPS HO and ordinary HO, and both in case of handover failure and handover success
Proposal 14	RAN2 to discuss how to include in the SON framework, the experienced radio quality of the source and target cell during the whole DAPS HO procedure and both in case of handover failure and handover success.
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