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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Rel-17 SON/MDT [1] includes the following RAN2-led objectives in the context of MDT. 
· 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]. 

This paper considers different SON aspects for DAPS HO and fast MCG recovery optimizations.
2. Discussion
2.1 SON aspects of CHO
2.1.1 Timing related Information in CHO report

This paper intended to discuss timing-related information that needs to be included in the RLF report with the objective to reuse existing timing information to the maximum extent. We will first discuss the single failure scenario, thereafter, we will discuss CHO with two failures. 

2.1.1.1 Single failure scenario

First, let’s consider observations from the Rel-16 specifications [2] [3]. 

Observation 1: For the legacy handover, the timeConnFailure is defined as “the elapsed time since the reception of the last RRCReconfiguration message until connection failure, i.e. RLF at source or HoF.

Observation 2: Upon successful completion of the Random Access procedure with the target cell, the conditional HO configuration received from the source cell is released, i.e. upon successful completion of RACH procedures at the target, UE completely forgets about any RRCReconfiguration received previously from the source cell. Therefore, after the successful RACH to the target, if RLF happens, then this should be considered as a pure RLF scenario instead of HoF. Similarly, if a new RRCReconfiguration is received at the new source cell, then the reference of the HO/HoF is set to the new RRCReconfiguration. 

For example, see below: 

	1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above:
/* omitted 
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG; or:
2>	if the reconfigurationWithSync was included in spCellConfig of an SCG and the CPC was configured
3>	remove all the entries within VarConditionalReconfig, if any;




Keeping the above observations (observation 1 and observation 2) in consideration, let us consider the following scenarios, described in Fig. 1, with a single CHO failure.  



Fig. 1: Different HoF/RLF scenarios for CHO

Observation 3: Scenario A (in Fig. 1) is the case of RLF, where no RRCReconfiguration was received from the source cell. In this scenario, either UE does not report the timeConnFailure or UE reports a large value (larger than the configured threshold, e.g, tstore_UE_cntxtt) for timeConnFailure. 

Observation 4: Scenario B (in Fig. 1) is the case of too late CHO, where UE should report the time between the reception of RRCReconfiguration and RLF at the source cell. 

Observation 5: Scenario C (in Fig. 1) is the case of too early HO, where UE cannot perform successful RACH at the target upon the execution of CHO configuration for the target cell. Two different completing time information were proposed 1) Time difference of RRCReconfiguration execution and reception, and 2) Time elapsed since CHO execution until connection failure.  timeConnFailure together with one of the competing times should be considered to capture the time frame.

Option 6: Scenario D (in Fig. 1) is another case of too early HO, where UE receives legacy HO command after the reception of CHO configuration. UE uses the legacy HO configuration but HoF happened at the target cell before the successful Random Access at target. The additional timing information “Time difference of two RRCReconfiguration” should be captured. 

Proposal 1: For handling different scenarios, in Fig. 1, we want to amend our previously agreed RAN2 time 
From: 
“Time difference between RRCReconfiguration (containing CHO configuration) reception and execution” 
To: 
“Time difference between RRCReconfiguration (containing CHO configuration) reception and execution or time difference between RRCReconfiguration (containing HO/CHO configuration) reception and RRCReconfiguration (containing CHO configuration) reception”

Proposal 2: Keep the legacy definition for timeConnFailure as “Time elapsed since the reception of the last RRCReconfiguration message until HoF/RLF

Proposal 3: Time elapsed since CHO execution until connection failure is implicity computed using timeConnFailure and RAN2 amended timer definition. 





2.1.1.2 Two failure scenario

Now, we consider a scenario of two failures, where UE performs subsequent CHO attempt upon the failure of the first one. In Fig. 2 depicting multiple failures, the only timer that is missing is the “time elapsed since the second CHO attempt until the connection failure”.



Fig. 2: Two failure scenarios for CHO

Proposal 4: Introduce additional timer as “time elapsed since the second CHO attempt until the connection failure”

Proposal 5: In the multiple CHO failure scenario, timeUntilReconnection captures the time elapsed since the first CHO failure until UE comes to the CONNECTED state. UE can come to the CONNECTED state either upon successful CHO recovery or legacy RRCReestablishment. 

2.2 SON aspects of DAPS HO

2.2.1 Timing related Information in CHO report

In the RAN2#113-bis-emeeting [4], we had the following agreements:

Agreements:
1	Include in the RLF report for DAPS HO, the following measurements (reuse the legacy mechanism and IEs):
	a.	Measurements of neighbour cells when HOF or RLF occurs

2	RAN2 to agree the intention of the following timers:
a.	Time elapsed since DAPS HO execution until RLF occurs in source cell before fallback
b.	Time elapsed since DAPS HO execution until RLF occurs in source cell after fallback
c.	The elapsed time between the execution of DAPS and RLF in target cell
FFS if for the above timers the existing timers can be reused.

Here, we try to present a feasibility analysis to capture the DAPS HO related above timers using the existing timers. Furthermore, if the existing timers are not sufficient then we can consider introducing the least number of new timers. Please find Fig. 3 depicting different scenarios. 

Proposal 6: Define the timeConnFailure as the “Time elapsed since reception of RRCReconfiguration containing DAPS HO until UE leaves CONNECTED state, i.e., UE doesn’t have an active cell connection.” 

Proposal 7: To determine whether the HoF happened before or after the RLF at the source, introduce an indicator. 

Proposal 8: Introduce a new timer as “The elapsed time between the first failure in the source (or target) and the second failure in target (or source) while performing the DAPS HO”

Observation 7: Considering the definition in Proposal 6, Proposal 7, and the proposal 8 timer, the network can compute all required timing information agreed on in the RAN2#113-bis-e meeting. 

  
Fig. 3: Different scenario for DAPS HO timing information
2.3 SON aspects of Fast MCG Recovery
In the post RAN2-113-emeeting email discussion 852 [5], we discussed whether to introduce the Fast MCG Recovery Failure related Information in the RLF report. In the conclusion of the email discussion, it is FFS whether to include the Fast MCG Recovery Failure Information in the RLF report. 

Observation 8: FFS whether to include fast MCG link recovery-related information in RLF report.

Observation 9: we believe that it comes under the umbrella of mobility enhancement optimization, therefore Fast MCG Recovery Failure should be considered under in rel-17. 

Proposal 9: Include fast MCG link recovery-related information in the RLF report.
3. Conclusion 
Observation 1: For the legacy handover, the timeConnFailure is defined as “the elapsed time since the reception of the last RRCReconfiguration message until connection failure, i.e. RLF at source or HoF.

Observation 2: Upon successful completion of the Random Access procedure with the target cell, the conditional HO configuration received from the source cell is releases, i.e. upon successful completion of RACH procedures at the target, UE completely forgets about any RRCReconfiguration received previously from the source cell. Therefore, after the successful RACH to the target, if RLF happens at the source, then this should be considered as the pure RLF scenario instead of HoF. Similarly, if the new RRCReconfiguration is received at the new source cell, then the reference of the HO/HoF is set to the new RRCReconfiguration. 

Observation 3: Scenario A (in Fig. 1) is the case of RLF, where no RRCReconfiguration was received from the source cell. In this scenario, either UE does not report the timeConnFailure or UE reports a large value (larger than the configured threshold, e.g, tstore_UE_cntxtt) for timeConnFailure. 

Observation 4: Scenario B (in Fig. 1) is the case of too late HO, where UE should report the time between the reception of RRCReconfiguration and RLF at the source cell. 

Observation 5: Scenario C (in Fig. 1) is the case of two early HO, where UE cannot perform successful RACH at the target upon the execution of CHO configuration for the target cell. Two different completing time information were proposed 1) Time difference of RRCReconfiguration execution and reception, and 2) Time elapsed since CHO execution until connection failure.  timeConnFailure together with one of the competing times should be considered to capture the time frame.

Option 6: Scenario D (in Fig. 1) is another case of two early HO, where UE receives legacy HO command after the reception of CHO configuration. UE uses the legacy HO configuration but HoF happened at the target cell before the successful Random Access at target. The additional timing information “Time difference of two RRCReconfiguration” should be captured. 

Proposal 1: For handling different scenarios, in Fig. 1, we want to amend our previously agreed RAN2 time 
From: 
“Time difference between RRCReconfiguration (containing CHO configuration) reception and execution” 
To: 
“Time difference between RRCReconfiguration (containing CHO configuration) reception and execution or time difference between RRCReconfiguration (containing HO configuration) reception and RRCReconfiguration (containing CHO configuration) reception”

Proposal 2: Keep the legacy definition for timeConnFailure as “Time elapsed since the reception of the last RRCReconfiguration message until HoF/RLF

Proposal 3: Time elapsed since CHO execution is implicity computed using timeConnFailure and RAN2 amended timer definition. 

Proposal 4: Introduce additional timer as “time elapsed since the second CHO attempt until the connection failure”

Proposal 5: In the multiple CHO failure scenario, timeUntilReconnection captures the time elapsed since the first CHO failure until UE comes to the CONNECTED state. UE can come to the CONNECTED state either upon successful CHO recovery or legacy RRCReestablishment. 

Proposal 6: Define the timeConnFailure as the “Time elapsed since reception of RRCReconfiguration containing DAPS HO until UE leaves CONNECTED state, i.e., UE doesn’t have an active cell connection.” 

Proposal 7: To determine whether the HoF happened before or after the RLF at the source, introduce an indicator. 

Proposal 8: Introduce a new timer as “The elapsed time between the first failure in the source (or target) and the second failure in target (or source) while performing the DAPS HO”

Observation 7: Considering the definition in Proposal 6, Proposal 7, and the proposal 8 timer, the network can compute all required timing information agreed on in the RAN2#113-bis-e meeting. 

Observation 8: FFS whether to include fast MCG link recovery-related information in RLF report.

Observation 9: we believe that it comes under the umbrella of mobility enhancement optimization, therefore Fast MCG Recovery Failure should be considered under in rel-17. 

Proposal 9: Include fast MCG link recovery-related information in the RLF report.
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