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In RAN2#106 meeting, we made some further progress about conditional handover (CHO) procedures for handover robustness improvement in LTE and NR. Agreements that are applicable to NR can be summarized as follows.
	Agreements
1	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering).
3	As a baseline CHO can be triggered based on a condition consisting of a single event, singe quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR.
3.2	The single RS type can be configured to be SSB or CSI-RS
FFS Whether multiple triggering conditions are required.
4	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates).
5	Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.
6	UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 
7	The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)
Working assumption:
8	At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
9	At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.



In this contribution, we further discuss the measurement report for NR CHO procedures. The discussion includes LTE/NR general issues as well as NR-specific issues. 
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Unnecessary measurement reports
Measurement events similar to those for normal handover can be defined for UE to report a potential candidate cell. For example, an A3-like (“early” A3) event can be triggered when a neighbour cell has quality close to serving cell, but with a threshold (offset) lower than the normal A3 event. Figure 1 shows a moving UE and its CHO candidates.


Figure 1. CHO candidate cells for a moving UE
Figure 1 illustrates two situations where some measurement reports are unnecessary, as explained below.
· Multiple measurement reports for the same candidate cell, as shown in Figure 1(a):
· At t1, UE is served by gNB1. At t2, UE detects gNB2 and gNB2 is configured as CHO candidate. At t3, gNB3 is configured as CHO candidate and gNB2 is de-configured by network due to temporal blockage by a building. At t4, UE moves to another side of the building, another measurement report is sent for gNB2, and then UE executes normal handover to gNB2; CHO is not possible since gNB2 has been de-configured as CHO candidate cell.
· Alternatively, at t3 the network may choose not to de-configure gNB2. Since gNB2 has satisfy the leaving condition (of the “early” A3 event), gNB2 is still removed from the corresponding cellsTriggeredList at t3. This means that at t4, when the entering condition (of the “early” A3 event) is satisfied again, UE will send another measurement report for gNB2. The UE then executes CHO to gNB2 since gNB2 is kept in CHO candidate cell list.
· If candidate gNB2 is not de-configured at t3, the measurement report at t4 can actually be skipped. That is, the UE may add gNB2 back to cellsTriggeredList but not initiating a measurement report.
· The situation may also be observed in FR1, but we expect more frequent occurrence in FR2, where HF signals experience more severe attenuation and blockage.
· Measurement reports for inferior candidate cells, as shown in Figure 1(b):
· At t1, UE is served by gNB1. At t2, UE reports gNB2 as gNB2 satisfies the entering condition of the “early” measurement event for CHO, and gNB2 is configured as CHO candidate. 
· At t3, UE reports gNB3 as it satisfies the entering condition of the “early” measurement event for CHO, and gNB3 is also configured as CHO candidate. However, at this point gNB2 is already in the CHO candidate list and is better than gNB3, and the latter is unlikely to be chosen as target for CHO. If UE can skip measurement report for gNB3 and network can skip corresponding CHO configurations, we can save signalling overheads without impact on mobility performance.
· At t4, UE executes CHO towards gNB2.
· The situation may also be observed in FR1, but we expect more frequent occurrence in FR2, where denser deployment of gNBs is expected.
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) multiple measurement reports sent for the same candidate cell, and (2) measurement reports for inferior candidate cells.
To reduce signalling overhead due to multiple measurement reports for the same cell, if a cell satisfying event entering condition is not in cellsTriggeredList but is already in CHO candidate list, the UE may not add the cell back to cellsTriggeredList but not initiate measurement report. This can be achieved by introducing an “event for CHO” indicator in measurement report configuration. If the indicator is set, an event-triggered measurement report is initiated only if the triggering cell is not included in the CHO candidate list.
Proposal 1:	Introduce an “event for CHO” indicator in measurement report configuration, if set, an event-triggered measurement report is initiated only if the triggering cell is not included in the CHO candidate list.
Measurement reports may also be skipped when a neighbour cell meets the entering condition of CHO-related measurement event, but there is already a CHO candidate cell that is better than the triggering cell. Moreover, if there are multiple CHO candidate cells in the list, the report triggering cell can be compared with the n-th best cell in current list and a measurement report is sent only if the report triggering cell is better than the n-th best cell. Such mechanism not only helps reduce signalling overhead, but also helps the network configure a better CHO candidate cell set.
The “event for CHO” indicator introduced in Proposal 1 can also be used here: When the indicator is set, an event-driven measurement report is initiated only if the n-th best cell in current CHO candidate cell list is no better than the triggering cell. Also notice that in multi-beam operation, “better” can be interpreted in different ways (e.g., higher cell quality, more ‘good’ beams); the details can be further studied. 
Proposal 2:	If the “event for CHO” indicator is set, an event-triggered measurement report is initiated only if the n-th best cell in current CHO candidate cell list is no better than the report triggering cell. It is FFS how to define a “better” cell in multi-beam operation.
The abovementioned “event for CHO” indicator should be associated with the configuration of a measurement event. For example, we can add a BOOLEAN field eventForCHO into the configuration of event A3, as shown below:
		eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN,
            eventForCHO	                            	BOOLEAN			
        },

	eventForCHO
[bookmark: _GoBack]Indicates whether the event is configured for the purpose of reporting CHO candidate cells. If set, a measurement report is initiated only if triggering cell is not included in the CHO candidate cell list, and the n-th best cell in the CHO candidate cell list is no better than the report triggering cell.



Proposal 3:	The “event for CHO” indicator is associated with the configuration of a measurement event related to CHO candidate reporting.
Figure 2 shows the flowchart for measurement reporting when the eventForCHO indicator is introduced. Three cases are covered in the flowchart:
 The cell is added to cellsTriggeredList, and measurement report is sent: This happens when the indicators are set, or when the indicator is set but none of the measurement report reduction rules is not applicable.
 The cell is added to cellsTriggeredList, but measurement report is not sent: This happens when the indicator is set and at least one of the measurement report reduction rules is applicable, but the triggering cell is already in CHO candidate list.
 The cell is not added to cellsTriggeredList, and measurement report is not sent: This happens when the indicator is set and at least one of the measurement report reduction rules is applicable, and the triggering cell is not in CHO candidate list.




Figure 2. Flowchart when eventForCHO indicator is introduced
Measurement reporting with beam-level information
Even if a candidate cell is reported, it may eventually not be used by the UE. The configuration of such candidate cells introduces RRC signalling overheads as well as resource occupancy on the candidate cell (e.g. for dedicated PRACH). If the network can have more information about a reported cell, it can make more precise decision on whether to configure a cell as CHO candidate. Beam-level information can help avoid adding candidate cells that are eventually not used. For example, the network may require a candidate cell to have not only the best beam above threshold, but also have at least a given number of beams above a threshold (i.e., ‘good’ beams). This can be achieved by either (1) including beam-related condition in the trigger conditions of measurement event for CHO, or (2) network requesting the UE to report beam-level measurements, and decide whether a reported cell should be configured as CHO candidate based on proprietary methods. To save the effort of defining new measurement events, we suggest that measurement events be defined based on cell quality, but UE may be requested to include beam-level measurements.
Proposal 4:	Measurement reports for CHO candidates may include beam-level measurements.
Conclusion
We have the following observations:
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) multiple measurement reports sent for the same candidate cell, and (2) measurement reports for inferior candidate cells.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Introduce an “event for CHO” indicator in measurement report configuration, if set, an event-triggered measurement report is initiated only if the triggering cell is not included in the CHO candidate list.
Proposal 2:	If the “event for CHO” indicator is set, an event-triggered measurement report is initiated only if the n-th best cell in current CHO candidate cell list is no better than the report triggering cell. It is FFS how to define a “better” cell in multi-beam operation.
Proposal 3:	The “event for CHO” indicator is associated with the configuration of a measurement event related to CHO candidate reporting.
Proposal 4:	Measurement reports for CHO candidates may include beam-level measurements.
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