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Introduction
In the Work Item description for enhancements of data collection for SON/MDT in NR [1], support of data collection for mobility enhancement optimization is one of the objectives. One large part of mobility optimization for previous releases have focused on Mobility Robustness Optimization, which was a key enabler for LTE, and has been developed for NR within Rel-16. 
In the following contribution, we discuss different CHO parameters subject to optimization and the scenarios that may lead to radio link failure, while the UE is sub-optimally configured with CHO. 
[bookmark: _Ref178064866]Discussion
Mobility failures in NR Rel. 16
MRO aims to address different failure types such as too late HO, HO to wrong cell, Too Early HO, for a regular HO,. As part of Rel 16, and in TS 38.300 [2], a number of failure types are defined. The following intra-system failure events are specified;
[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.
[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.
Based on the detected failure type (which is enabled via RLF report transferred via Failure Indication and HO Report signals, proper actions can be taken by gNB to mitigate the detected failures. For example, in case of Too Late Handover, actions normally aim at performing handover earlier, while for Too Early Handover, actions normally aim at delaying the handover. In the case of Handover to Wrong Cell, actions could be taken either aiming at performing handover between source and target cell later or aiming at performing handover between source and reestablishment cell earlier.
In Release-17 Mobility Enhancements, 3GPP aims at improving the mobility robustness for LTE and NR. One of the use cases of mobility enhancements may be the Conditional Handover (CHO) feature, where the network prepares the UE for HO to multiple candidate cells in advance, before the source radio link becomes too weak and leads to a handover failure. CHO will decrease the risk of failures and increase the robustness. In the following we discuss the importance of the optimization for CHO parameters.
Conditional HO parameters
In a typical CHO operation the network configures measurement reports whose trigger point for A3 event would be much earlier than a typical trigger point for handovers, to minimize the risk of transmission of a too late measurement report, and, upon that reception, the network determining to configure CHO for one or multiple target candidate cells. Each of these candidate cells needs to be prepared, as if they would be a handover candidate cell. 
[bookmark: _Toc47036688]CHO can be configured for one or more target candidates, where each candidate is considered as a prepared cell.
When CHO is configured, for each target cell candidate the UE receives a CondReconfigToAddMod IE containing an RRC Reconfiguration to be applied upon the fulfillment of an execution condition, and a configuration for that execution condition, as shown below:
CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Cond condReconfigAdd
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...
}

As shown above, the configuration of the execution condition is a set of one or two MeasID(s), each of these pointing to the measurement configuration whose reportConfig has as reportType set to condTrigerConfig IE, received as part of ReportConfigNR. As shown below an execution of a conditional HO can be triggered on a conditional A3 or an A5 type event. 
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Figure 1. Conditional HO triggering configuration based on A3 or A5 events.  
If a single MeasID is configured for the execution condition associated to a given target candidate, the monitoring procedure is somewhat similar to the evaluation of event-triggered measurement reports In other words, the UE executes CHO if the execution condition is considered as fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding Time to Trigger (TTT) defined for this event. If two MeasIDs are configured for the execution condition associated to a given target candidate, the UE executes CHO if both conditions are considered fulfilled. A typical use case for using two MeasID(s) is when the network sets the same event but with different trigger quantities like RSRP and RSRQ, so the UE only executes the handover when the target cell candidate is better in terms of both RSRP and RSRQ.
[bookmark: _Toc47036689]In CHO, for each target candidate one or two measID(s) can be configured.
[bookmark: _Toc47036690]In CHO, each configured MeasID(s) has similar parameters to event-triggered reporting configuration e.g. A3 or A5 threshold(s), TTT, etc.
In our understanding, mobility failure while conditional HO is configured may be seen as a costly exercise for 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. Hence the above highlighted parameters (including condEventA3 and condEventA5) require careful consideration as proper configuration of such CHO parameters is important to limit the radio resource and capacity consumption that CHO may bring. 
[bookmark: _Toc44943270][bookmark: _Toc44943509][bookmark: _Toc44943650][bookmark: _Toc47036691][bookmark: _Toc44939324][bookmark: _Toc44942412]The CHO mechanism leverages significant amount of network resources to provide robust mobility. Hence any CHO failure is costly for the network. 
[bookmark: _Toc44943271][bookmark: _Toc44943510][bookmark: _Toc44943651][bookmark: _Toc47036692]CHO failures may happen due to wrong configuration of CHO triggering parameters (i.e., condTriggerConfig). Optimization of CHO parameters may require careful considerations, when it comes to mobility robustness optimization.
In the following, we exemplify some scenarios that highlight the potential failures occurring due to wrong configurations of the above-mentioned CHO parameters (in Figure 1) as well as selecting wrong candidate CHO target cells.
Failure events due to CHO
In the following we exemplify different types of the failure events that may happen while a UE is configured with CHO. This in our understanding may require defining new failure types to enable the network detecting such failures, taking proper actions to diminish the probability of such failures.
a) Too Late CHO execution – Re-establishment/Handover to a prepared cell: 
In a scenario, as shown in Figure 2, a gNB may configure the conditional HO for a UE having cell B and cell C as a target candidate cells. It could happen that while the UE is performing the evaluation of execution conditions (as specified in 5.3.5.13.4, TS 38.331), RLF is detected and the UE initiates a re-establishment procedure (or a handover) towards a prepared cell such as cell B or cell C. This type of failure may indicate that the CHO execution thresholds were not properly set, although the candidate cells where correctly selected. 
Such a scenario could be considered as a Too Late Handover for CHO, as RLF occurs while the UE is evaluating CHO conditions, leading to a re-establishment to a different cell (that is a prepared cell). In legacy, this is typically caused by mistuned parameters of an A3/A5 event e.g. thresholds and/or TTT which may be adjusted at source upon reception of an RLF report containing measurements for source and neighbour cells. Similarly, the inclusion of measurements for CHO target candidates in RLF reports may also be helpful for the tuning of A3/A5 events for CHO, so that CHO execution occurs before an RLF with source. 
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Figure 2: Too Late CHO execution – re-establishment/handover towards a CHO prepared cell.


b) Too Late CHO execution – Re-establishment to an un-prepared cell: 
In another scenario, as shown in Figure 3, a gNB may configure the conditional HO for a UE having cell B as a target candidate cell, while cell C is not prepared for CHO. It could happen that while the UE is performing the evaluation of execution conditions (as specified in 5.3.5.13.4, TS 38.331), RLF is detected and the UE initiates a re-establishment procedure towards cell C that is not a target candidate for CHO i.e. it is unprepared. Here not only the CHO command triggering thresholds are not configured properly, but also CHO target candidates may not be selected properly so the UE inevitably performed re-establishment towards a cell that is not prepared for CHO. This may mean that the target candidate cells were wrongly selected. 
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Figure 3: Too Late CHO execution – re-establishment toward an unprepared cell.
[bookmark: _Toc47036693]Having the above two cases (a and b) we may have a new failure event type as following:
[bookmark: _Toc47036694][Too Late CHO execution] 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.
a- [bookmark: _Toc47036695]Re-establish cell is a prepared cell
b- [bookmark: _Toc47036696]Re-establish cell is not a prepared cell
c) Too Early CHO execution – Re-establishment to the serving/source cell: 
In another scenario, as shown in Figure 4, a gNB may configure the conditional HO for a UE having cell B and cell C as a target candidate cell. It could happen that UE declares RLF while executing CHO toward a candidate cell or right after successful CHO execution and UE selects the source cell as a suitable cell and initiates re-establishment toward the source cell. This event may happen due to mistuned thresholds for CHO execution, but it does not depend on the candidate cells selection because the UE ends up in the same source cell.
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Figure 4: Too Early CHO execution – re-establishment toward serving/source cell.
[bookmark: _Toc47036697]Having the above case, we may have a new failure type as following:
[bookmark: _Toc47036698][Too Early CHO execution] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
d) CHO to wrong cell – Re-establishment/handover to the prepared cell: 
In yet another scenario, as shown in Figure 5, a gNB may configure the conditional HO for a UE having cell B and cell C as a target candidate cells. It could happen that UE declares RLF while executing CHO toward a candidate cell B or right after successful CHO execution and UE selects cell C which is a prepared cell for CHO. This event may happen due to mistuned thresholds for CHO execution, but the problem may not be the selection of candidate cells because UE ends up in another prepared cell.
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Figure 5: CHO to wrong cell – Re-establishment/handover to the prepared cell.
e) CHO to wrong cell – Re-establishment to an un-prepared cell: 
In yet another scenario, as shown in Figure 6, a gNB may configure the conditional HO for a UE having cell B as a target candidate cell while cell C is not prepared for CHO. It could happen that UE declares RLF while executing CHO toward a candidate cell B or right after successful CHO execution to cell B. the UE selects cell C which is a not prepared cell for CHO. This event may happen due to mistuned thresholds for CHO execution, but also it may be about the fact that the candidate cells are wrongly selected as UE ends up in another prepared cell.
[image: ]
Figure 6: CHO to wrong cell – Re-establishment to an un-prepared cell.
[bookmark: _Toc44939326][bookmark: _Toc44942414][bookmark: _Toc44943273][bookmark: _Toc44943512][bookmark: _Toc44943653][bookmark: _Toc47036703]UE may fail at CHO execution and re-establishes a connection to a cell which may not be prepared for CHO. An optimization that allows a-priori preparation of the reestablishment cell for CHO may enhance the CHO performance causing a better experience for UE.
Resolving the detected failure events

In our understanding, RAN 3 may need to define new failure events covering the above mentioned failure types. In fact, we believe that if the RLF report provides sufficient amount of measurements for detection of such failures, the network may be able to tune the dedicated CHO parameters to avoid such CHO related failures.
1. [bookmark: _Toc47036712][bookmark: _Toc44012442][bookmark: _Toc44013641][bookmark: _Toc44054039][bookmark: _Toc44081113][bookmark: _Toc44082104][bookmark: _Toc44939349][bookmark: _Toc44943657]It is proposed that RAN 3 considers the following failure types:
[bookmark: _Toc47036704][Too Late CHO execution] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to select a different cell to recover from the failure via
a- [bookmark: _Toc47036705]Re-establishment if the selected cell is not a CHO prepared cell
b- [bookmark: _Toc47036706]Reconfiguration with sync if the selected cell is a CHO prepared cell
[bookmark: _Toc47036707][Too Early CHO execution] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
[bookmark: _Toc47036708][CHO to Wrong Cell] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to select a cell other than the source cell and the target CHO cell to recover from failure via
a- [bookmark: _Toc47036711]Re-establishment if the selected cell is not a CHO prepared cell
b- Reconfiguration with sync if the selected cell is a CHO prepared cell

  Conclusion
In section 2 we made the following observations:
Observation 1	CHO can be configured for one or more target candidates, where each candidate is considered as a prepared cell.
Observation 2	In CHO, for each target candidate one or two meaID(s) can be configured.
Observation 3	In CHO, each configured MeasID(s) has similar parameters to event-triggered reporting configuration e.g. A3 or A5 threshold(s), TTT, etc.
Observation 4	CHO mechanism leverages significant amount of network resources to provide robust mobility. Hence any CHO failure may seem as a costly exercise for network.
Observation 5	CHO failures may happen due to wrong configuration of CHO triggering parameters (i.e., condTriggerConfig). Optimization of CHO parameters may require careful considerations, when it comes to mobility robustness optimization.
Observation 6	Having the above two cases (a and b) we may have a new failure type as following:
	[Too Late CHO execution] 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.
a-	Re-establish cell is a prepared cell
b-	Re-establish cell is not a prepared cell
Observation 7	Having the above case, we may have a new failure type as following:
[Too Early CHO execution] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
Observation 8	Having the above two cases (d and e) we may have a new failure type as following:
	[CHO to Wrong Cell] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO 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 first selected target CHO cell.
a-	Re-establish cell is a prepared cell
b-	Re-establish cell is not a prepared cell
Observation 9	UE may fail at CHO execution and re-establishes a connection to a cell which may not be prepared for CHO. Preparing the reestablishment cell for CHO may enhance the re-establishment performance causing a better experience for UE.



 Based on the discussion in section 2 we propose the following:
Proposal 1	It is proposed that RAN 3 considers the following failure types:

[Too Late CHO execution] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to select a different cell to recover from the failure via
a-   Re-establishment if the selected cell is not a CHO prepared cell
b-   Reconfiguration with sync if the selected cell is a CHO prepared cell
[Too Early CHO execution] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
[CHO to Wrong Cell] An RLF occurs shortly after a successful CHO from a source cell to a target cell or a CHO failure occurs during the handover procedure; the UE attempts to select a cell other than the source cell and the target CHO cell to recover from failure via
a-   Re-establishment if the selected cell is not a CHO prepared cell
b-   Reconfiguration with sync if the selected cell is a CHO prepared cell

A CR for 38.300, defining the above failure cases is provided in R3-205024. 
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