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Introduction
[bookmark: _Ref178064866]In RAN #86 the new WID on enhancement of data collection for SON/MDT in NR was approved. In the following we will discuss the objectives of the WID and in particular focus on Conditional handover (CHO), bringing forward our proposals on topics to be studied, specifically in connection to failure cases and message forwarding.
Discussion
Introduction
In the New WID on enhancement of data collection for SON/MDT in NR [1] that was approved in RAN#86 and revised at RAN#88e, the objectives of the work item were presented. Specifically, the following was captured:

Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, 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 Optimisation enhancements) [RAN3, RAN2] 
1. Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 
1. Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]

[bookmark: _Hlk48806907]Data collection for mobility enhancement optimization is included among the objectives. Already in Rel-16 one of the WIs was about E-UTRAN and NR Mobility Enhancements putting forward the concept of CHO. Thus, SON related optimization for CHO can be henceforth studied.  

In RAN3#109 online meeting following agreements have been made:
· FFS whether CHO specific failure types are needed. The existing definitions of too late handover /too early handover/ handover to wrong cell are the starting point for further study. 
· From RAN3 point of view, in order to support MRO for CHO, more information is needed from UE. (FFS on the details).
· Study the contents of the RLF INDICATION or HANDOVER REPORT message to support MRO enhancements for CHO. In order to progress in this area, it is necessary to converge on the CHO failure case definition.

The agreement on MRO for CHO in RAN3#110e meeting:
· Cover CHO failure scenarios: whether to define CHO specific failure types or reuse the existing failure types with some necessary update is FFS.
· CHO recovery procedure is considered in the definition of failure types and/or failure types detection.
· At least the following CHO failure scenarios need to be considered: “Too Late CHO Execution”, “Too early CHO Execution”, and “CHO to Wrong Cell”.  
FFS on how CHO recovery applies to legacy HOs. FFS on other failure scenarios.
· UE reports the time elapsed since CHO execution until connection failure to network (LS to RAN2).
· The source node needs to know the candidate cell list and CHO execution condition(s). It is FFS on how the source node knows these information
· If UE has experienced failure twice, UE reports information related with the two failures (LS to RAN2 for confirmation)
· Data forwarding enhancements on HO to wrong cell is de-prioritized in this WI
· Resource optimization for Conditional Handover is FFS.

Failure scenarios and Types
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.
During the offline discussion [Post113-e][851], RAN2 has considered a comprehensive list of possible CHO failure cases [2]. From our view, it would be beneficial for RAN3 to align the views on the CHO failure scenarios.  
Figure 1 shows the cases of “Too Late CHO” (as they were discussed in RAN2), based on the identified failure cases and the mail discussion [RAN3#111-e] SON mob enh offline discussion], following cases are not aligned with RAN2: Cases 5 and 6 are not considered in RAN2 offline discussion (Figure 1). 


[bookmark: _Ref69734792]Figure 1 - Too Late CHO

Case 5: the UE receives CHO configuration; an RLF occurs in the cell before CHO execution; the UE attempts to CHO recovery to a CHO candidate cell and successes; the UE occurs an RLF in a short period after CHO recovery; the UE attempts to re-establish the radio link connection in a cell other than the source cell.
Case 6: the UE receives CHO configuration; an RLF occurs in the cell before CHO execution; the UE attempts to CHO recovery to a CHO candidate cell and successes; the UE occurs an RLF in a short period after CHO recovery; the UE attempts to re-establish the radio link connection in the source cell.
Figure 2 presents the cases of “Too Early CHO” (as they were discussed in RAN2), based on the identified failure cases and the mail discussion [RAN3#111-e] SON mob enh offline discussion], following cases are not aligned with RAN2: Cases 3 and 4 are not aligned (important to note here that these cases cover legacy HO failure).
Case 3: the UE receives CHO configuration; a legacy handover is performed but fails; the UE attempts to re-establish the radio link connection in source cell.
Case 4: the UE receives CHO configuration; a legacy handover is performed and successes; an RLF occurs shortly after the successful legacy handover; the UE attempts to re-establish the radio link connection in the source cell.


[bookmark: _Ref69735172][bookmark: _Ref69735167]Figure 2 - Too Early CHO

Figure 3 shows the cases of “CHO to Wrong Cell” (as they were discussed in RAN2), based on the identified failure cases and the mail discussion [RAN3#111-e] SON mob enh offline discussion], following cases are not aligned with RAN2: Cases 4 and 5 are not aligned. 
Case 4: the UE receives CHO configuration; the CHO execution fails;  the UE attempts to CHO recovery to a CHO candidate cell and successes; a RLF occurs shortly after CHO recovery; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the previously selected target cells.
Case 5: the UE receives CHO configuration; the CHO execution successes; a RLF occurs shortly after the successful CHO; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the previously selected target cells.

[bookmark: _Ref69736370]
Figure 3 - CHO to Wrong Cell
1. [bookmark: _Toc69800955][bookmark: _Toc69802286][bookmark: _Toc69975846][bookmark: _Toc71030080]It is proposed that RAN3 discussed the failure cases that do not match RAN2 failure cases in order to align with the proposed RAN2 scenarios to avoid confusion with parameters and definitions. 
In order to provide a simple solution and avoid confusion, we propose to improve definitions of the failure types for CHO.
1. [bookmark: _Toc69800956][bookmark: _Toc69802287][bookmark: _Toc69975847][bookmark: _Toc71030081]It is proposed that RAN3 extends failure types in order to capture CHO related failure cases
Conditional HO parameters
However, the scenarios are important, but the main goal would be to define failure types and figure out what parameters and measurements are needed to efficiently perform MRO. RAN2 actively discussing what parameters and measurements to include in the RLF-report based on the failure cases discussed in the previous section.
Timers
The comprehensive list of timers for CHO was discussed in RAN2 offline discussion in order to decide which timers should be included in the RLF-report. From our perspective, RAN3 should take into account the decisions made in RAN2 regarding the timers and their definitions to avoid doing unnecessary work and having agreements that can potentially conflict with RAN2 agreements. 
[bookmark: _Toc47036688][bookmark: _Toc69800925][bookmark: _Toc69802283][bookmark: _Toc69975843][bookmark: _Toc71030078]RAN2 discusses a comprehensive list of the timers to be included in the RLF-report in case of CHO.
1. [bookmark: _Toc69975848][bookmark: _Toc71030082]RAN3 to postpone the discussion on timer-related information.
Other Parameters
[bookmark: _Toc44012442][bookmark: _Toc44013641][bookmark: _Toc44054039][bookmark: _Toc44081113][bookmark: _Toc44082104][bookmark: _Toc44939349][bookmark: _Toc44943657][bookmark: _Toc47036711]During the offline discussion, several options for the source node to obtain the candidate cell list and CHO execution condition(s) were discussed. It is important to outline that we should avoid storing the user context as if we want to keep UE context then we need to have valid timer, etc. RLF report for CHO will be changed so it’s better to include the information that is needed for optimization (as in legacy HO cases).
In RAN2#113bis meeting, following was agreed:
Agreements:
1	Include in the RLF-report for CHO the following:
a.	Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
b.	Fulfilled CHO execution condition(s), i.e. whether A3 and/or A5 event was fullfilled, for the cell(s) in which CHO execution was triggered.
c.	Latest radio measurement results of the candidate target cells

Inclusion of a) and c) are subject to the RAN3 reply to the RAN2 LS R2-2102149. Try to reuse existing mechanism as much as possible.

2	Include in the RLF report for CHO the following information:
a.	Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not.
b.	List of candidate cells IDs.
Inclusion of a) and b) are subject to the RAN3 reply to the RAN2 LS R2-2102149

1. [bookmark: _Toc69975849][bookmark: _Toc71030083]RAN3 to assume that configured CHO execution condition(s), fulfilled CHO execution condition(s) and list of the candidate cells will be transmitted via RLF-report (as currently discussed in RAN2) thus alternative ways of storing aforementioned information need not be discussed
Resource optimization
In our understanding, mobility failure while CHO is configured may be seen as a costly exercise for the network as significant amount of network resources need to be reserved until a successful execution of CHO. Such resources may include RACH resources as well as enough memory for early data forwarding.
[bookmark: _Hlk53412980][bookmark: _Toc44943270][bookmark: _Toc44943509][bookmark: _Toc44943650][bookmark: _Toc47036691][bookmark: _Toc69800945][bookmark: _Toc69802284][bookmark: _Toc69975844][bookmark: _Toc71030079]The CHO mechanism leverages significant amount of network resources to provide robust mobility. Hence any CHO failure is costly for the network. 
In Observation, we highlighted the fact that the CHO mechanism leverages significant amount of network resources to provide robust mobility. It is imperative thus to actively focus on resource optimization.  As a first step we will strive to identify possible areas of optimization.

One area concerns the optimization of the number of prepared cells. Examples of possible resources reserved in candidate cells are e.g. C-RNTI and preambles. Other resources are DRB resources for critical services. Also, several candidate configurations in the same message increases the length and thus vulnerability of the RRCReconfiguration message.

At first the source would not have the necessary knowledge to choose the best cells to prepare. As a result, the source will prepare many different cells. The reservation of resources in the target would lead to an overload of the network, which is clearly undesirable. Therefore, we need to investigate methods to optimize the number of prepared cells. 

Based on the above we propose that RAN3 will study the optimization of the number of prepared cells.

1. [bookmark: _Toc69800958][bookmark: _Toc69802288][bookmark: _Toc69975850][bookmark: _Toc71030084]RAN3 to study the optimization of the number of prepared cells. 
Another area of interest has to do with optimization of early and late data forwarding. Early data forwarding is beneficial in reducing data interruption. On the other hand, early data forwarding will increase overhead on backhaul and memory usage in candidate cells. Since early data forwarding is costly, we need to study methods to optimize its usage.  Besides, late data forwarding facilitates PDCP SN continuity.  Considering the above we propose that RAN3 studies methods to optimize early and late data forwarding.

1. [bookmark: _Ref20948935][bookmark: _Toc69800960][bookmark: _Toc69802290][bookmark: _Toc69975852][bookmark: _Toc71030085]RAN3 to study methods to optimize early and late data forwarding. 
Possible optimizations for early data forwarding can be:
· If several candidate cells are in the same node, then one possible optimization is to bundle traffic for one UE to these cells, namely, to use one data forwarding connection for the whole set of target cells
· Only forward traffic for critical services like voice
· Don’t set up forwarding traffic immediately, wait for other triggers, which could be e.g. another measurement report from the UE
  Conclusion
In this contirbution, we made the following observations:
Observation 1	RAN2 discusses a comprehensive list of the timers to be included in the RLF-report in case of CHO.
Observation 2	The CHO mechanism leverages significant amount of network resources to provide robust mobility. Hence any CHO failure is costly for the network.
Based on the discussion, we propose the following:
Proposal 1	It is proposed that RAN3 discussed the failure cases that do not match RAN2 failure cases in order to align with the proposed RAN2 scenarios to avoid confusion with parameters and definitions.
Proposal 2	It is proposed that RAN3 extends failure types in order to capture CHO related failure cases
Proposal 3	RAN3 to postpone the discussion on timer-related information.
Proposal 4	RAN3 to assume that configured CHO execution condition(s), fulfilled CHO execution condition(s) and list of the candidate cells will be transmitted via RLF-report (as currently discussed in RAN2) thus alternative ways of storing aforementioned information need not be discussed
Proposal 5	RAN3 to study the optimization of the number of prepared cells.
Proposal 6	RAN3 to study methods to optimize early and late data forwarding.
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Start of the first change
[bookmark: _Toc46502093][bookmark: _Toc51971441][bookmark: _Toc52551424]15.5.2.2	Connection failure
[bookmark: _Toc46502094][bookmark: _Toc51971442][bookmark: _Toc52551425]15.5.2.2.1	General
Detection mechanism
A failure indication may be initiated after a UE attempts to re-establish the radio link connection at NG-RAN node B after a failure at NG-RAN node A. NG-RAN node B may initiate the Failure Indication procedure towards multiple NG-RAN nodes if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The NG-RAN node receiving this selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.
A failure indication may also be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering:
-	The Failure Indication procedure over Xn;
-	The Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG.
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	Intra-system Too Late Handover: there is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt), or if CHO is configured but the CHO execution is not initiated for the UE prior to the connection failure, or if DAPS HO is configured but an RLF is detected in the source cell with successful DAPS HO or before the UE attempts to execute DAPS HO..
-	Intra-system Too Early Handover: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first  successful re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation or fall back to the source cell configuration in case of DAPS HO.
-	Intra-system Handover to Wrong Cell: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first successful re-establishment attempt cell/the cell UE attempts to re-connect/the cell UE attempts CHO recovery is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure or the time elapsed since the CHO triggering until connection failure.
In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
End of the last change
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