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1
Introduction

In RAN3#110-e meeting, the following were agreed on MRO for CHO.

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).

Resource optimization for Conditional Handover is FFS
The following additional agreements were achieved at RAN3#111-e meeting:

For too late CHO, case 1, 2 and 3 will be considered, and case 4 and 6 will not be considered. FFS on case 5.

For too early CHO, case 1 and 2 will be considered. FFS on case 3 and 4.

For CHO to wrong cell, case 1-5 will be considered.

Resource optimization for CHO is deprioritized.

Data forwarding enhancements for CHO is deprioritized.
Use cases for MRO of CHO handover:

-
It is FFS whether the cases for mixed HO/CHO to wrong cell should be deprioritized.
This contribution discussed the definition, the detection and the issues related with the LS from RAN2 in [1].
2
Discussion

2.1 The definitions

There were proposals to update the intra-system MRO too Late Handover, Too Early Handover and Handover to Wrong Cell definitions in TS38.300 by reflecting the agreed scenarios for CHO. 
For better maintainance, it's important to make the definition as general concept. The definion is not scenario description. Otherwise the definition will become longer and longer which will retrict the extension and impact the readability. 

For example, for legacy handover, the UE can access to the network via RRC Reestablihsment or RRC Setup (re-connect) after the failure. Only RRC Reestablishment is described in the definition. From the detection part, we can see the scenario of RRC Setup was considered.
For CHO handover, too late handover, too early handover and handover to wrong cell are still valid handover type which results failure. In legacy handover, the UE will perform handover execution once reciving handover command message. For CHO handover, the UE is still staying in the source cell before CHO execution. So for CHO handover, to be more specific, the handover type is Too Late CHO Execution, Too Early CHO Execution and Handover execution to Wrong cell.
Therefore, it’s not necessary to have additional definitions for CHO. The following sentence can be added to stage 2 for clarification:
For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell.

Proposal 1: It is proposed to add the following clarification to TS38.300 15.5.2.2.2:
For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell seperatly.
2.2 RAN2 LS
A LS from RAN2 was received in [1] regarding whether the source cell can keep to the UE context, at least up to the point the RLF-report is received by the source cell. 
For handover failure, the source cell has the UE context. For RLF shortly after successfully handover, the UE context in the source node may be already released. We cannot assume that the source node will keep the UE context even after successful handover. 
Observation 1: The source node may or may not keep the UE context for RLF shortly after successfully handover. From standard point of view, we cannot mandate the source node to keep the UE context.

In order to let the source node know the candidate cell list. RAN2 has discussed a UE based solution. Actually, there are two alternatives:

Alternative 1: Network based solution

Source node sends the candidate cell list to the target node. Target node uses this as assistance information for detection. Target nodes transmits the information back to the source node in Handover Report message. The source node use the info for failure reason confirmation and optimisation.

Alternative 2: UE based soluton discussed by RAN2

Including an indication in the RLF-report to indicate whether a neighbour cell, included as part of the existing neighbour cell measurement results, is associated to a CHO candidate target cell or not
With alternative 2, the network cannot get all the candidate cells in some scenarios e.g. not all the candidate cells are included in the neighbour cell measurement results. In this case, the network may not perform appropriate optimisation. And we have principle that for those information the network can get, network based solution should be used. Alternative 1 has less UE impact and reduece the load of Uu. Therefore alternative 1 is preferred.

Observation 2: The solution for getting the candidate cell list discussed by RAN2 cannot assure the network gets the full set of candidate cells.

One arguement for Alternative 1 is that the candidate cell list has to be sent to all the candidate target cells. The second argument is that the information may be not up to date e.g. the source node may update the candidate cell list after the first RRC Reconfiguration (Handover Command) message. Here we would like to clarify that the network based solution has no such issues.

The candidate cell list transmitted back to the source should be the same as those recently configured to the UE. This should be the same for UE based solution and network based solution. 

The information is only necessary in case of RLF shortly after successful handover. Considering this, the time to transmit the candidate cell list should be after the source node receives Handover Success message. This can assure that the candidate cell list was sent to the target only. And the candidate cell list sent to the target node is the same as the list recently configured to the UE in RRC Reconfiguration message. 
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So SN Status Transfer message or a new message is proper for this purpose. With this the candidate cell list is sent to the target (not all candidate cells) and the information is up to date.

Observation 3: Network based solution doens’t need to transmit the candidate cell list to all the candidate cells and can assure the candidate cell list is the same as recently configured to the UE. This is the same for UE based solution and network based solution.
Proposal 2: The source node sends candidate cell list to the target and the target transmits the info back to the source in Handover Report message.

The CHO execution condition(s) is also important for the source in order to do the optimisaiton but doesn’t know in case of failure shortly after successful handover. Similar to candidate cell list, the CHO execution condition(s) can be sent to the target and the target transmits the info back to the source in Handover Report message.

Proposal 3: The source node sends CHO execution condition(s) to the target and the target transmit the info back to the source in Handover Report message.

SN status Transfer message has dedicated purpose. The TP based on a new message is provided in [3]. If the group prefer SN status Transfer message, it could be easily adapted.

Proposal 4: The source node sends candidate cell list and CHO execution condition(s) to the target in SN status Transfer or a new message.

When the target node receives Failure Indication message including UE RLF Report, the target nodes perform detection and sends Handover Report messag to the source node including candidate cell list and CHO execution condition(s)
Proposal 5: Handover Report message includes candidate cell list and CHO execution condition(s).

Besides above, Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell needs to be defined in Handover Report message.

Proposal 6: Add Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell in Handover Report message.

2.3 Stage 2 impact

As we all agree the Timer from CHO execution to the failure is important for failure type detection. The current timeConnFailure indicate the time elapsed since handover initiation until connection failure. RAN2 agreed to define a new timer timeCHO-ExSinceConf to indicate the Time between the first CHO execution and the corresponding CHO command received at UE. So the network gets the timer from CHO exetution to the failure via timeConnFailure- timeCHO-ExSinceConf (let’s call it as TimeFailSinceCHOexe in the following).
The typical scenarios, information reported from the UE and detection mechanism were summarized in the table below.
	No.
	Scenario
	Information reported from UE
	Detection mechanism

	1
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Handover Execution is not performed. Two cases:
CHO configuration is not received.

CHO configuration is received without execution yet.
	previousPCellId: Cell A
failedPCellId: Cell A

TimeFailSinceCHOexe: absent or big
reestablishmentCellId/

reconnectCellId: Cell X, any cell in Target BS or a third BS
connection Failure Type: RLF
	TimeFailSinceCHOexe is absent or bigger that a pre-defined threshold (not recent CHO execution).
Source BS knows CHO preparation.
· Too Late CHO Execution
To further decides whether CHO candidate cell list is configured appropriated, the source cell decides this by checking whether the reestablishmentCellId/reconnectCellId is in the candidate cell list. 

	2
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	previousPCellId: Cell A

failedPCellId: Cell B
TimeFailSinceCHOexe: small
reestablishmentCellId/

reconnectCellId: Cell X: any cell in a third BS or S-BS
connection Failure Type: HOF
	TimeFailSinceCHOexe is smaller than the configured threshold
Cell X = Cell A: => Too Early CHO Execution 

Cell X =! Cell A =! Cell B and Cell C => CHO Execution to Wrong Cell
S-BS has UE context in this scenario and can further check whether candidate cell list is configured properly.

	3
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Handover Success

Handover Report

Failure Indication

Handover Report
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	previousPCellId: Cell A

failedPCellId: Cell B
TimeFailSinceCHOexe: small
reestablishmentCellId/

reconnectCellId: Cell X: any cell in a third BS or S-BS
connection Failure Type: RLF
	TimeFailSinceCHOexe is smaller than the configured threshold
Cell X = Cell A: => Too Early CHO Execution 

Cell X =! Cell A =! Cell B => CHO Execution to Wrong Cell
S-BS or T-BS needs to know wehther Cell X is within the candidate cell list in order to know whether candidate cell list is configured properly. T-BS doesn’t know this. S-BS already released UE context in this scenario. This issue will be discussed below [Issue 1].

	4
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	Two reporting methods from UE:
1) Includes two failure cell id and two sets of timer relatd with failure e.g TimerFrCHOexeToFail
2) Two RLF Report

This will be discussed below. 
	Based on above detection mechasim, Too Early CHO Execution or CHO Execution to Wrong Cell will be decided using UE RLF Report. The same result will be detected no matter which sets of reporting is used.
Comparing with scenario 2, the main differences is the optimisation in order to avoid the failure.


Proposal 1 and the detection mechanism in the above table should be captured in stage 2. At last meeting, some modification was made based on the existing detection mechanism for legacy handover. For CHO, the timer used for problem detection is based on two timers reported by the UE. The scenarios are more complex for CHO comparing with legacy handover. In order to make the detection clear, it’s better to have separate description for legacy handover and CHO. The stage 2 TP is provided in the [4].
Proposal 7: To have dedicated descripton on the MRO detection for CHO in stage 2.

3
Conclusion
This contribution discussed the definion, the detection and the issue related with RAN2 LS. We have the following observations and proposals. It is proposed to agree the proposals and the CRs in [3][4].
Proposal 1: It is proposed to add the following clarification to TS38.300 15.5.2.2.2:

For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell seperatly.
Observation 1: The source node may or may not keep the UE context for RLF shortly after successfully handover. From standard point of view, we cannot mandate the source node to keep the UE context.

Observation 2: The solution for getting the candidate cell list discussed by RAN2 cannot assure the network gets the full set of candidate cells.

Observation 3: Network based solution doens’t need to transmit the candidate cell list to all the candidate cells and can assure the candidate cell list is the same as recently configured to the UE. This is the same for UE based solution and network based solution.
Proposal 2: The source node sends candidate cell list to the target and the target transmits the info back to the source in Handover Report message.

Proposal 3: The source node sends CHO execution condition(s) to the target and the target transmit the info back to the source in Handover Report message.

Proposal 4: The source node sends candidate cell list and CHO execution condition(s) to the target in SN status Transfer or a new message.

Proposal 5: Handover Report message includes candidate cell list and CHO execution condition(s).

Proposal 6: Add Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell in Handover Report message.

Proposal 7: To have dedicated descripton on the MRO detection for CHO in stage 2.
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m:UE;
s:Source gNB;
t:Target gNB;
t1:Other potential\ntarget gNB(s);
a:AMF;
u:UPF(s);

|||;
mark HPstart;
m<=>s: User Data [au];
join s<=>u: User Data [au];
s--a:0.Mobility control information provided by AMF [br];
m--s:1.Measurement Control and Reports [br];
s--s:2. CHO Decision [bs];
s->t:3. HANDOVER REQUEST [ac];
s->t [ad];
s->t1:3. HANDOVER REQUEST [ac];
s->t1 [ad];
t--t:4. Admission Control [bs];
t1--t1:4. Admission Control [bs];
t->s:5. HANDOVER REQUEST\nACKNOWLEDGE [ac];
t->s[ad];
t1->s:5. HANDOVER REQUEST ACKNOWLEDGE [ac];
t1->s[ad];
s->m:6. RRCReconfiguration [ac];
m->s:7. RRCReconfigurationComplete [ac];
mark HPend;
parallel m--m:Evaluate the CHO conditions.[bs];
s->t1:7a. EARLY STATUS TRANSFER [ac];
parallel m--m:Detach from the old cell,\n synchronize to the new cell. [bs];
u=>s:User Data [au];
join s=>t1 [au];
m--t:8. CHO Handover completion [bs];
mark HEend;
t->s:8a. HANDOVER SUCCESS [ac];
s->t:8b. SN STATUS TRANSFER [ac];
u=>s:User Data [au];
join s=>t [au];
s->t:8c. HANDOVER CANCEL [ac];
s->t1[ad];
m--u:Figure 9.2.3.2.1-1 step 9-12 [bs];
mark HCend;
|||;

vertical brace HPstart->HPend:Handover Preparation [n1];
vertical brace HPend->HEend:Handover Execution [n1];
vertical brace HEend->HCend:Handover Completion [n1];
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