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Introduction
In RAN4#91 and RAN4#92 there have been discussions on the requirements for conditional handover, but only limited progress has been made so far in agreeing the requirement. The latest way forward is in [1]
	Conditional handover does not add additional monitoring frequency layers, cells, and SSBs on top of existing Rel-15 UE measurement capability.
· How to capture this in TS38.133 is FFS (if needed)
The definition of when the CHO delay starts is FFS
· Exact delay equation is FFS
UE RRC processing time is broken into two segments: 
· First segment is immediately after RRC HO command reception
· Second segment is after UE realizes the condition is met and identity of target cell is determined



Discussion
The main outcome of RAN4#92 was to agree that conditional handover does not add additional monitoring frequency layers, cells, and SSBs on top of existing Rel-15 UE measurement capability. Some other issues which still need to be decided are
· The starting time of the conditional handover : Two options have been discussed, either when the external conditions are such that a conditional handover should be triggered, or when the UE internally evaluates that the condition is satisfied.
· Whether to include Tsearch in conditional handover delay
· Durations of first and second segment of processing time.
We discuss these issues in this contribution
Starting time of the conditional handover
Since conditional handover has been specified to improve handover robustness, our view is that it is important to specify requirements which ensure both that the UE performs measurements prior to and supporting conditional HO without unnecessary delay and also ensures that the conditional handover procedure itself is performed sufficiently quickly. When examining both of these steps, one can see that they are similar to legacy UE procedures for event triggered reporting and unconditional handover, with the following modification
Measurement phase : The evaluation of the condition is very similar to the evaluation of a measurement event with the exception that the UE uses the result internally to trigger a HO, rather than triggering a measurement report to the gNB. The configuration of trigger conditions is very similar to measurement events including time to trigger (TTT) configuration, and L3 filtering, both of which may cause additional delay on top of the L1 operations necessary to detect and measure the target cell. The primary difference is that, as no measurement report is generated, there are no delays associated with uplink availability.
Handover execution phase : The handover execution phase is very similar to the legacy HO execution phase, except that the trigger comes internally from the UE measurements, rather than as a command sent via the downlink. Hence the RRC procedure delay in the handover phase is replaced by the so called second segment in the UE RRC processing time which is after UE realizes the condition is met and identity of target cell is determined. After this time, the UE is able to execute the handover in much the same way as a legacy handover.
Our view is that having requirements to cover both phases is important, since improper performance in either phase will lead to a UE failing to achieve the expected handover robustness improvements. Based on the similarity to existing procedures we can expect that UEs will reuse much of their existing implementation to achieve the functionality but nevertheless, the new procedure is not covered by legacy requirements.
Based on the observations that the measurement phase is very similar to event triggered reporting, and the handover execution phase is very similar to the legacy HO procedure, and after further consideration, our view is that a suitable way forward could be to define two requirements supporting conditional handover
1. Measurement phase requirements in section 9.x of 38.133 and based on the first segment of UE RRC processing time and additionally following the delay for event triggered reporting, excluding the actual reporting part
2. Handover execution phase in section 6.x of 38.133 giving requirements for HO delay and interruption, the delay including second segment of UE RRC processing time and  additionally based on legacy HO requirements less the legacy RRC procedure delay
Such an approach would be consistent with what RAN4 has done previously, and would result in both requirements being jointly tested in a single test case, and resolves the previous discussion about different options to specify the conditional handover based on when the condition is met externally to the UE, or when the UE realises the condition is met:
Proposal 1 : The requirements for conditional HO are split into two parts
1. Measurement phase requirements in section 9.x of 38.133 and based on the first segment of UE RRC processing time and additionally following the delay for event triggered reporting, excluding the actual reporting part
2. Handover execution phase in section 6.x of 38.133 giving requirements for HO delay and interruption, the delay including second segment of UE RRC processing time and  additionally based on legacy HO requirements less the legacy RRC procedure delay

Whether to include Tsearch in conditional handover delay
Following the approach for proposal 1, this question is resolved quite naturally. For FR1, during the measurement phase the UE should be able to detect unknown cells which might have configured handover conditions, although it may also be that the network configures handover conditions in response to an earlier measurement report. Since meeting the condition triggers the HO, the possibility of an unknown cell does not need to be allowed for in the handover execution phase.
Proposal 2 : The FR1 requirements for conditional HO should support
1. Trigger of the handover condition by a known or unknown cell in the measurement phase
2. Assumption that the target cell is always known in the handover execution phase
For FR2 legacy HO, the known cell condition is more complicated
In FR2, the target cell is known if it has been meeting the following conditions:
During the last [5] seconds before the reception of the handover command:
-	the UE has sent a valid measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	One of the SSBs measured from the target cell also remains detectable during the handover delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
otherwise it is unknown.

Basically, the highlighted condition should always be true for the conditional HO, since the UE needs to measure the cell to trigger the HO. 
Hence we propose
Proposal 3 : The FR2 requirements for conditional HO should support
1. Trigger of the handover condition by a known or unknown cell in the measurement phase
2. Assumption that the target cell is always measured in the [5] seconds prior to the handover execution phase

Durations of first and second segment of processing time.
Table 12.1-1 in 38.133 gives RRC processing delay, and for an RRC reconfiguration in NR it can be seen that the procedure delay is 10ms. Our view is that it is likely that in legacy HO the majority of this time is needed for reconfiguring L1, rather than physically decoding the message for handover. On the other hand, there may be an additional step of reconfiguring measurements when the conditional handover is first configured, and it in all cases the trigger condition needs to be configured as a part of the first segment of RRC UE processing time. Hence, it seems justifiable that the total RRC processing time (first segment + second segment is greater than the legacy delay. 
3. Table 12.1-1: UE performance requirements for RRC procedures for UEs
	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration

	RRCReconfiguration
	RRCReconfigurationComplete
	10
	

	RRC reconfiguration (scell addition/release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC reconfiguration (SCG establishment/ modification/ release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC setup
	RRCSetup
	RRCSetupComplete
	10
	

	RRC Release
	RRCRelease
	
	NA
	

	RRC re-establishment
	RRCReestablishment
	RRCReestablishmentComplete
	10
	

	RRC resume
	RRCResume
	RRCResumeComplete
	6 or 10
	Value=6 applies for a UE supporting reduced CP latency for the case of RRCResume message only including MAC and PHY configuration, and no DRX, SPS, configured grant, CA or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRCResumeComplete and the data is transmitted over common search space with DCI format 0_0.
In this scenario, the RRC procedure delay [ms] can extend beyond the reception of the UL grant, up to 7 ms.

For other cases, Value = 10 applies.

	RRC resume (scell addition/release)
	RRCResume
	RRCResumeComplete
	16
	

	Initial AS security activation
	SecurityModeCommand
	SecurityModeComplete/SecurityModeFailure
	5
	

	Other procedures

	UE assistance information
	
	UEAssistanceInformation
	NA
	

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	80
	

	Counter check
	CounterCheck
	CounterCheckResponse
	5
	



As it is very implementation dependent, we do not make a strong proposal for the durations of RRC UE processing time, but as an initial ballpark proposal, we propose that 
Proposal 4 : First segment of UE RRC processing delay is 5ms, second segment of UE RRC processing delay is 10ms
This gives a total of 15ms, which is 50% longer than allowed in the legacy for the reason described earlier. However we would welcome feedback on the feasibility of this proposal.
Scope of requirements
So far RAN2 has not discussed introducing interRAT conditional handover, and there are two separate work items for NR mobility enhancement and LTE mobility enhancement considering each RAT separately. RAN2 has agreed that PSCell addition and PSCell change should be within the scope of the work item as well has handover (PCell change), meaning that the NR work item is applicable to PSCell management in EN-DC.
In addition, Ericsson is proposing in RAN2 to introduce support for event B1 in LTE for conditional PSCell addition of an NR cell. Clearly, this is a RAN2 discussion, however it may introduce interRAT PSCell addition for support of configuration of EN-DC in 36.133.
Observation 1 : Conditional handover requirements are needed for at least conditional handover and PSCell addition/change for standalone NR and standalone LTE. Depending on discussion in RAN2, requirements for interRAT PSCell addition in 36.133 or other requirements may be needed.
Conclusions
In this contribution we evaluate the outstanding aspects of conditional HO requirements, and make a number of proposals. In a companion contribution we provide a draft CR for conditional HO requirements.
Proposal 1 : The requirements for conditional HO are split into two parts
1. Measurement phase requirements in section 9.x of 38.133 and based on the first segment of UE RRC processing time and additionally following the delay for event triggered reporting, excluding the actual reporting part
2. Handover execution phase in section 6.x of 38.133 giving requirements for HO delay and interruption, the delay including second segment of UE RRC processing time and  additionally based on legacy HO requirements less the legacy RRC procedure delay

Proposal 2 : The requirements for conditional HO should support
1. Trigger of the handover condition by a known or unknown cell in the measurement phase
2. Assumption that the target cell is always known in the handover execution phase
Proposal 3 : The FR2 requirements for conditional HO should support
1. Trigger of the handover condition by a known or unknown cell in the measurement phase
2. Assumption that the target cell is always measured in the [5] seconds prior to the handover execution phase
Proposal 4 : First segment of UE RRC processing delay is 5ms, second segment of UE RRC processing delay is 10ms
Observation 1 : Conditional handover requirements are needed for at least conditional handover and PSCell addition/change for standalone NR and standalone LTE. Depending on discussion in RAN2, requirements for interRAT PSCell addition in 36.133 or other requirements may be needed.
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