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1	Introduction
In the last RAN4 #92 meeting, we reached some agreements on conditional handover, which can be found in the approved WF [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


As can be seen, there are still some open issues. In this contribution, we further discuss these issues. Some conclusions are provided after discussion.
2	Discussion
2.1 definition of handover delay
Basically, people share same understanding on definition of the end of handover delay, which is PRACH preamble transmission. Regarding the starting point of handover delay, there are two options on the table with almost identical number of support companies.
· Option 1 (Ericsson, Qualcommn, Intel, MTK, NTT Docomo):
· HO delay starts from the time when actual channel condition is satisfied (before UE realizes the condition).
· Option 2 (Huawei, NEC, China Telecom, Nokia):
· HO delay starts from the time when UE realizes the condition is satisfied and HO is executed.
We still prefer option 1 since we believe 1) it can reflect the time when condition is actually met. 2) from testing perspective, option 1 is easier to implement compared to option 2.


Figure 1 condition handover
As depicted in figure 1, point A is the time when channel condition meets the handover condition. Point B is the time when UE actually realizes the condition is met. There is some delay due to measurement period. We denote it as T1. Point C is the time of point A + measurement period.  
Option 1 means we define point A as the starting point of handover delay. Option 2 means we define point B as the starting point of handover delay. One thing we shall highlight here is that there is no way to accurately verify point B during test, since it can happen at anywhere during one measurement period. Take the simplest case for example, intra-frequency handover in non-DRX without gap and TTT=0. When short SMTC is configured, we can assume T1 + T2 = 200ms, which is the measurement period for intra-frequency. Then point B can be anywhere between A and C, i.e. during this 200ms. But TE has no idea where point B is, i.e. when UE actually realizes the condition is met. So, to verify corresponding UE requirement, TE has to check the starting time at either point A or C.
[bookmark: _Ref20656673]Proposal 1: HO delay starts from the time when actual channel condition is satisfied (before UE realizes the condition).

2.2 Interruption during handover
According to discussion above, then we can have the equation for handover delay:
DCHO = Ttrigger + Tinterrupt_CHO
Where:
· Ttrigger: is the delay from the time when condition is met to HO is actually executed:
Ttrigger = TRRC, 1 + Tmeasure + TTTT
	Where: 
TRRC, 1: CHO command RRC procedure delay. 
TRRC, 1 = 0 if the time from when the CHO command until the time when the condition is met > RRC procedure delay, otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until the condition is met) 
	Tmeasure: one measurement cycle on the target frequency layer
 	TTTT: length of time-to-trigger window if configured
· Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell, where Tinterrupt_CHO = Tsearch + TIU + Tprocessing+ T∆ (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working groups)
As agreed in previous RAN4 meetings, 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
The first part is TRRC, 1 in above equation. Regarding the second part, we believe it can be included in the Tprocessing above, which is 20ms for intra-FR handover and 40ms for inter-FR handover.
[bookmark: _Ref20656678]Proposal 2: handover delay and interruption are defined as above.

2.3 Conditional PSCell addition/change
In last RAN2#107, it was agreed that:
Agreements
1: 	Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.
2	From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN
Accordingly, RAN4 needs to specify corresponding RRM requirement for conditional PSCell addition/change. Fortunately, handover and PSCell addition/change have quite a lot of commonality from UE procedure perspective. We can use the existing PSCell addition/change RRM requirement as baseline, and then accommodate the “delta requirement” between conditional handover and legacy handover.
[bookmark: _Ref20656681]Proposal 3: RRM requirements for conditional PSCell addition/change need to be specified.
[bookmark: _Ref20656683]Proposal 4: RAN4 can consider use the existing PSCell addition/change RRM requirement as baseline, and then accommodate the “delta requirement” between conditional handover and legacy handover.

2.4 Measurement capability
It was agreed that conditional handover does not add additional monitoring frequency layers, cells, and SSBs on top of existing Rel-15 UE measurement capability. But how to capture this in TS38.133 is FFS (if needed). In our understanding, UE is only required to support measurement following UE measurement capability requirements. If the network configured measurement exceeds the UE capability, UE shall be allowed to drop some of them and it is up to UE to decide which one(s) to drop (different implementations should be allowed).
If in conditional handover command the target cell cannot be covered by existing RRM measurement objects, UE needs to start new measurement following the configuration in the handover command. This is like network configures measurement objects via handover command, if supported in RAN2. 
[bookmark: _Ref20656685]Proposal 5: UE needs to conduct measurement on target cell following configurations in RRC for conditional handover (PSCell addition/change), even if the measurement on target cell is not covered by existing configured measurement objects.
Accordingly, CSSF needs to be update.
[bookmark: _Ref20656687]Proposal 6: definition of CSSF needs to be updated to account for the “new” measurement triggered by RRC for conditional handover (PSCell addition/change).
Another potential issue in RAN4 is that if after receiving conditional handover command from network UE realizes the total number of required measurements exceeds its capability, it cannot conduct all the measurement (it may not be corner case since multiple candidate target cells can be configured). we think the measurement toward target cell(s) shall have higher priority than other regular mobility purpose measurement. Thus, we propose:
[bookmark: _Ref20656692]Proposal 7: measurement on candidate target cell(s) in conditional handover (PSCell addition/change) should have higher priority than other regular mobility purpose measurement.
[bookmark: _Ref20656695]Proposal 8: if after receiving RRC for conditional handover (PSCell addition/change) from network UE realizes the total number of required measurements exceeds its capability, the UE shall keep measurement toward candidate target cell(s) and is allowed to drop some of the other regular mobility purpose measurement.

3	Conclusion
In this contribution we discuss the RRM requirement for conditional handover, PSCell addition and PSCell change. After 
Proposal 1: HO delay starts from the time when actual channel condition is satisfied (before UE realizes the condition).
Proposal 2: handover delay and interruption are defined as:
DCHO = Ttrigger + Tinterrupt_CHO
Where:
· Ttrigger: is the delay from the time when condition is met to HO is actually executed:
Ttrigger = TRRC, 1 + Tmeasure + TTTT
	Where: 
TRRC, 1: CHO command RRC procedure delay. 
TRRC, 1 = 0 if the time from when the CHO command until the time when the condition is met > RRC procedure delay, otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until the condition is met) 
	Tmeasure: one measurement cycle on the target frequency layer
 	TTTT: length of time-to-trigger window if configured
· Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell, where Tinterrupt_CHO = Tsearch + TIU + Tprocessing+ T∆ (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working groups)

Proposal 3: RRM requirements for conditional PSCell addition/change need to be specified.
Proposal 4: RAN4 can consider use the existing PSCell addition/change RRM requirement as baseline, and then accommodate the “delta requirement” between conditional handover and legacy handover.
Proposal 5: UE needs to conduct measurement on target cell following configurations in RRC for conditional handover (PSCell addition/change), even if the measurement on target cell is not covered by existing configured measurement objects.
Proposal 6: definition of CSSF needs to be updated to account for the “new” measurement triggered by RRC for conditional handover (PSCell addition/change).
Proposal 7: measurement on candidate target cell(s) in conditional handover (PSCell addition/change) should have higher priority than other regular mobility purpose measurement.
Proposal 8: if after receiving RRC for conditional handover (PSCell addition/change) from network UE realizes the total number of required measurements exceeds its capability, the UE shall keep measurement toward candidate target cell(s) and is allowed to drop some of the other regular mobility purpose measurement.
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