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1 Introduction

In the last RAN plenary #88-e meeting, the scope for Rel-17 SON-MDT has been updated, and for SON part, the objectives are as following [1]:
The objective of this work item is to specify data collection enhancement in NR for SON/MDT purpose. The specific objectives of this work are:
•
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 Optimisation 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]
In this paper, we will discuss MRO for R16 mobility enhancement optimization.
2. Discussion

In R16 MRO for intra-NR mobility, when HOF or RLF occurs, the UE could store related failure information in the RLF report and inform the network whether or not there is available RLF report. When a gNB needs, it can request the UE within its coverage to provide the RLF report by sending the UE Information Request message including rlf-ReportReq-r16 which is set to TRUE. Upon reception of this request, the UE provides the stored RLF report within a UE Information Response message.

In R16, mobility enhancements including DAPS HO, CHO are introduced. Obviously, the MRO mechanism for R15 intra-NR mobility can be reused for R16 mobility enhancements, i.e. when failure occurs during R16 mobility procedure, the UE could store related failure information in the RLF report and inform the network whether or not it supports and then it can provide the stored RLF report within a UE Information Response message upon receiving the request message from the network. 

Observation 1: MRO mechanism for R15 intra-NR mobility can be reused for R16 mobility enhancements.

2.1 MRO for DAPS HO

Compared with traditional handover, in DAPS Handover, the UE maintains the source gNB connection after reception of RRC message for handover and until releasing the source cell after receiving the source release indication from target gNB. There are some failure scenarios in DAPS handover procedure as following:
Scenario 1: The T304 is expired.

In DAPS handover, before successful completion of the RACH to the target cell, the UE keeps the source link failure detection. Based on this, when the UE failed to handover to the target gNB, i.e. T304 is expired which is started upon the UE receives the DAPS Handover command, the UE can revert to the source gNB without triggering RRC connection re-establishment if the source link is still available. In addition, the UE can report the DAPS handover failure to the source gNB via the FailureInformation message only including the failure type, i.e. daps-failure IE. 

Furthermore, RLF may occur after the UE reverts to the source gNB, then the UE would perform RRC re-establishment. Compared to MRO for R15 NR legacy mobility, some additional information may be needed for MRO:

·  indication that DAPS HO was attempted before RLF in the source: this indication can be included in the RLF report, in this way the network can distinguish the DAPS Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters. Also, the target cell information in DAPS HO can be reported by the UE similar as legacy RLF report.

· time information, e.g. elapsed time from fallback to RLF occurred in the source gNB: If the UE re-establishes connection to a third cell after the reverting failure with source cell, this is actually a HO to wrong cell use case. However, due to DAPS scheme, if the source cell is available, the UE is enforced to try to revert to the source cell. If the UE can record this kind of time information, it is valuable for the source node to adjust the related parameters for DAPS, e.g., triggering the DAPS HO CMD a bit later to avoid fallback and changing the target cell to the third one. 
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Figure 1 Scenario 1 in DAPS HO

Scenario 2: RLF occurs shortly after a successful handover.

After successful completion of the RACH to the target cell and before the release of the source cell, the UE does not keep the source link failure detection of the source link. In this way, when the target link fails, the UE triggers RRC re-establishment. This scenario is similar as connection failure in R15 intra-NR mobility, i.e. an RLF occurs shortly after a successful handover from a source cell to a target cell. Therefore, for this scenario, only one indication need to be introduced. 

· indication that DAPS HO was attempted before RLF in the target: this indication can be included in the RLF report, in this way the network can distinguish the DAPS Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters. 
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Figure 2 Scenario 2 in DAPS HO
Scenario 3: Both the handover failure and the source link failure occur.

In DAPS handover, when the UE failed to handover to the target gNB, i.e. T304 is expired, and also the UE detects that the source link is failed, i.e. T310 for the source cell is expired, the UE would trigger RRC re-establishment. In this scenario, one indication is also needed. 

· indication that DAPS HO was attempted before failure (e.g. both the handover failure and the source link failure): it can be included in the RLF report, in this way the network can distinguish the DAPS Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters. 

For new time information as stated in Scenario 1, it should be absent for Scenario 3. The absence of the new time can implicitly inform that the source cell was unavailable upon the HOF in target cell. The source node can identify that this is a separate HO to wrong cell case and change the target cell to the third one as one possible adjustment.
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Figure 3 Scenario 3 in DAPS HO
Taking into consideration the aforesaid sections, we’d like to summarize that:
Proposal 1: For DAPS HO, the following information should be enhanced into the RLF report:

· indication that DAPS HO was attempted before failure, e.g. RLF in the source or RLF in the target or both the handover failure and the source link failure ;

· time information to indicate the time elapsed since the HOF in target until RLF in source.
In RAN3, two different types of inter-node MRO messages i.e. RLF INDICATION and HANDOVER REPORT have been specified in NR. The message RLF INDICATION can be sent from the node in which the UE performs RRC re-establishment to the node which hosted the previous serving cell of the UE. The message HANDOVER REPORT can be sent from the node which hosted the previous serving cell of the UE to the original source RAN node. Based on these two messages, the network can classify a handover as ‘too-late’ or ‘too early’ or ‘to wrong cell’. RAN3 can study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in DAPS HO. 

Proposal 2: Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in DAPS HO.

2.2 MRO for CHO

Conditional Handover is introduced in R16 for mobility robustness, which is a handover procedure that is executed only when CHO execution condition(s) are met. In CHO, the source gNB can configure a list of candidate target cells, and then the UE can select one whose quality meets the execution condition as the target cell to access to. Failure handling mechanism is introduced for CHO, i.e. at source RLF or legacy HO failure or CHO failure, the UE would perform cell selection, if the selected cell is a candidate target cell, then the UE would perform handover, otherwise re-establishment can be performed. If the handover performed during failure handling procedure fails, the UE would perform re-establishment. There are some failure scenarios in CHO procedure as following:
Scenario 1: too late CHO

For this case, the UE received CHO configuration from the source node. The RLF occurred in the source cell before CHO execution condition is met.

To support the R16 RLF report, the UE will collect the RLF related information. The contents of both the previousPCellId and the failedPcellId are set to the source cell. It may set the IE timeConnFailure, to indicate the time elapsed since receiving the last CHO configuration until connection failure. The source node may find that the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt) and the cell UE attempts to re-connect is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened. This may misunderstand the source node that whether it is a too late HO or HO to wrong cell. 

To further clarify the information, it is necessary to include an indication to indicate CHO was configured but not executed. In this way the network can distinguish the CHO Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters. 
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Figure 4 too late CHO
Scenario 2: too early CHO

There is a recent executed CHO for the UE prior to the connection failure (HOF or RLF) with the target cell. In this scenario, the UE will record the IE timeConnFailure, to indicate the time elapsed since the last executed CHO until connection failure. It is worth noting that the UE reported timer in the IE timeConnFailure is important for the detecting of the handover failure type. If the timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation. It is a too early HO. If the timer is larger than the configured threshold (e.g. Tstore_UE_cntxt), it is difficult for the node receiving the RLF report to analyse the actual handover failure type.

Observation 2: The IE timeConnFailure is important to identify the handover failure type.

However, as analysed in the CHO introduction, the time when the CHO condition is met is quite different or even long enough after the reception of the CHO configuration. If we reuse the R16 IE timeConnFailure, it may bring unexpected misunderstanding. It is reasonable to introduce a new time information, to indicate the time elapsed since the CHO execution condition triggered until connection failure. 

Besides, to assist the network to know the CHO configuration parameters, it is also desirable to report the time information to derive the moment of the CHO command, e.g. the time elapsed since CHO reception to CHO execution condition triggering.

Furthermore, it is necessary to include an indication to indicate that CHO was executed. In this way the network can distinguish the CHO Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters.
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Figure 5 too early CHO
Scenario 3: CHO to wrong cell

It is similar as the scenario 2 of CHO, except that the cell UE attempts to re-connect (e.g. the cell selected by the UE after the failed CHO execution) 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.

Consequently, the similar enhancements as in scenario 2 of CHO should be considered.

[image: image6.png]E Source

candidate
target.

Re—
comnection

[+-CHO configuration—

(e )
(target ce1l )

H0 falure <]

FRC re-connect.





Figure 6 CHO to wrong cell
Accounting for the above scenarios, it is desirable to introduce the following enhancements into RLF report for CHO.

Proposal 3: For CHO, the following information should be enhanced into the RLF report:

· indication that CHO was configured or executed ;

· time information to indicate the time elapsed since CHO triggering to connection failure in target;
· time information to indicate the time elapsed since CHO reception to CHO triggering.
If source RLF occurs before CHO execution or the first handover triggered upon CHO execution condition is met is failed, and then the selected cell is one of the candidate target cell, the UE performs handover, the possibility is that this handover may be unsuccessful. Thus, there may be two failed events, e.g. source link failure and HO attempt failure, or two failed HO attempts. It may be good to report cell related information about these two connection failures. 

Proposal 4: It may be useful to report information about two connection failures happened in CHO, e.g. source link failure and HO attempt failure, or two failed HO attempts.

Same as legacy handover, RLF INDICATION and HANDOVER REPORT message can be introduced for CHO to be exchanged between two gNBs. RAN3 can study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in CHO. 

Proposal 5: Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in CHO.

Based on above discussion, RAN3 can send an LS as attached in the Annex to ask RAN2 to consider the information which can be included in the RLF report for R16 mobility enhancements.

Proposal 6: Send an LS to ask RAN2 to consider the information which can be included in the RLF report for DAPS HO or CHO.
3. Conclusion

In this paper, we mainly discuss MRO for mobility enhancement optimization including DAPS HO and CHO, and we have the following observations and proposals:

Observation 1: MRO mechanism for R15 intra-NR mobility can be reused for R16 mobility enhancements.

Observation 2: The IE timeConnFailure is important to identify the handover failure type.

Proposal 1: For DAPS HO, the following information should be enhanced into the RLF report:

· indication that DAPS HO was attempted before failure, e.g. RLF in the source or RLF in the target or both the handover failure and the source link failure ;

· time information to indicate the time elapsed since the HOF in target until RLF in source.
Proposal 2: Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in DAPS HO.

Proposal 3: For CHO, the following information should be enhanced into the RLF report:

· indication that CHO was configured or executed;

· time information to indicate the time elapsed since CHO triggering to connection failure in target;
· time information to indicate the time elapsed since CHO reception to CHO triggering.
Proposal 4: It may be useful to report information about two connection failures happened in CHO, e.g. source link failure and HO attempt failure, or two failed HO attempts.

Proposal 5: Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in CHO.

Proposal 6: Send an LS to ask RAN2 to consider the information which can be included in the RLF report for DAPS HO or CHO.
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1. Overall Description:

RAN3 discussed MRO for R16 mobility enhancements including DAPS HO and CHO in R3-204944, and from RAN3 perspective the following information may be useful for the network to adjust mobility parameters.

· For DAPS HO
· indication that DAPS HO was attempted before failure, e.g. RLF in the source or RLF in the target, or both the handover failure and the source link failure;

· time information to indicate the time elapsed since the HOF in target until RLF in source.

· For CHO
· indication that CHO was configured or executed;

· time information to indicate the time elapsed since CHO triggering to connection failure in target;

· time information to indicate the time elapsed since CHO reception to CHO triggering;

· information about two connection failures happened in CHO, e.g. source link failure and HO attempt failure, or two failed HO attempts.

2. Actions:

To RAN2:

ACTION: RAN3 respectfully asks RAN2 to analyse and confirm the above contents during the normative work.
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