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1. Introduction
In release 16 and release 17, the conditional handover mechanism was fully discussed and the corresponding delay requirements are specified in TS38.133 clause 6.1.4. However, we noticed that there have some issues on the SSB index detection time for the current CHO requirement. In the last meeting, we submitted one related CR [1] for CHO while some companies still have some concern on the changes. 
Therefore, in order to better handle this issue, we will further analyze on the SSB index detection time for Rel-16 CHO delay requirement and provide candidate corrections in this paper.
2. Discussion
2.1 SSB index detection time for CHO 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]According to the current procedure of CHO, when a condition exists at the measurement reference point, the conditional handover will be triggered, then UE would begin to perform measurement towards candidate PCell. Correspondingly, the measurement time is defined within the CHO procedure delay, in which the intra-frequency cell identification time shall refer to the clause 9.2.5.1 or clause 9.2.6.2 and inter-frequency cell identification time shall refer to the clause 9.3.4 as shown in highlight parts. That is to say, how to determine the value of Tmeasure would follow the principles in clause 9.
	TS38.133 clause 6.1.4.2 NR FR1- NR FR1 conditional handover
6.1.4.2.1	Handover delay
Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2].
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. 
	Tmeasure is the measurements time stated in clause 6.1.4.2.2.
	TCHO_execution is the conditional execution preparation time in clause 6.1.4.2.3. 
	Tinterrupt is the interruption time stated in clause 6.1.4.2.4.
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4.



Upon the requirement on intra-frequency/inter-frequency cell identification defined in clause 9, we can see that the identification time differentiates two cases between needs to obtain SSB index and does NOT need to obtain SSB index. 
	TS38.133 clause 9.2.5 Intrafrequency measurements without measurement gaps
9.2.5.1	Intrafrequency cell identification
The UE shall be able to identify a new detectable intra-frequency cell within Tidentify_intra_without_index if the UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured), or the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled). Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index. The UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within Tidentify_intra_without_index. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2 with SCS smaller or equal to 480 kHz.
Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms
Tidentify_intra_with_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms



Now we take the intra-frequency measurements without measurement gaps as the example (defined in clause 9.2.5.1), as clarified in the current requirements above, the scenarios below are specified which do not require extra time to obtain SSB index:
· Scenario 1: if the UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured)
· Scenario 2: if the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled)
With the exception of these above scenario, UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index. In other words, SSB index needs to be obtained within the measurement delay. 
Now, if considering to apply these principles regarding SSB index to CHO requirement, that may have some issues:
For scenario 2, neighbour cell is sync with NW, there is no need to obtain SSB index. However, if under the assumption that target PCell is async with NW and NW configures no report of SSB index, then there is no time for UE to obtain SSB index according to existing CHO requirements while SSB index is necessary and should be known for target PCell handover. Therefore, in order to avoid this kind of error case, at least from specification perspective, we do see more clarification or corrections on SSB index acquisition in CHO requirement is needed.
Observation 1: If it is async NW (e.g., FDD) and NW configures no report of SSB index, then there is no time for UE to obtain SSB index according to existing requirements on CHO
Further, we would provide the two possible starting points for acquiring the SSB index to analyse the potential cases of SSB index acquisition in CHO.


Fig.1 Delay timeline for Conditional handover
For the Case 1, UE is required to acquire SSB index within the Tmeasure since the MOs for CHO maybe also associated with another MeasID with periodical/eventTriggered reporting configuration. 
And for the Case 2, when the conditional measurement event of CHO is triggered, the conditional handover would be directly initiated. The measurement delay for CHO will not be dependent on configuration of whether SSB index is to be reported or not. But considering the SSB index still needs to be known for target PCell handover in some cases, UE would acquire it at the possible starting point T2.
Proposal 1: Since no report is needed for CHO if conditions are met, the measurement delay for CHO should not be dependent on configuration of whether SSB index is to be reported or not
Based on these two cases, we provided two candidate corrections to improve the current requirement on CHO.
	· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Option 1 split the measurement delay of CHO into two cases, i.e., with acquiring the index of the SSB or without acquiring the index of the SSB
· For intra-frequency measurement without/with gaps
· without acquiring the index of the SSB
· Scenario 1 deriveSSB-IndexFromCell is enabled
· with acquiring the index of the SSB
· Other scenarios except Scenario 1
· For inter-frequency measurement without/with gaps
· with acquiring the index of the SSB
· Option 2 only consider the case of “without acquiring the index of the SSB”in the measurement delay. And 
· Option 2a define a separate time for acquiring the SSB index TSSB_time_index_cond
· the value of TSSB_time_index _cond could be [1] *Trs for intra-freq measurement and [1 or 3] *Trs for inter-freq measurement
· Option 2b count the time for acquiring the SSB index into the T∆



For the Option 1, it will put the SSB index detection time into the measurement delay no matter when SSB index is acquired (starts at point 1 or point 2). We only need to consider to specify the principle that under which scenario the SSB index needs to be acquired or not. 
For the Option 2, it only considers the case of “without acquiring the index of the SSB” within the measurement delay and to leave a separate time for SSB index. As for the specific definition, it can be considered to define separate part TSSB_time_index_cond for SSB index as Option 2a. Moreover, considering the target PCell has already become a known cell when UE starts to execute the conditional handover, the SSB index detection could be performed based on higher side condition, e.g., Es/Iot≥-2 dB. Therefore, we think that the value of TSSB_time_index _cond could be [1] *Trs for intra-freq measurement and [1 or 3] *Trs for inter-freq measurement.
On the other hands, we can also count the time for acquiring the SSB index into the T∆ out of consideration for T∆ is for acquiring full timing information of target cell.
For us, both Option 2a and Option 2b are acceptable to improve the current CHO requirement. And in order to make it clear how the corresponding changes will be captured, we provide corresponding CR [2] in this meeting and the changes are captured in Option 2b way.
Moreover, since the issues raised above also exist in CPAC, we also corrected corresponding parts in CR [2].
Proposal 2: The existing requirements on CHO needs to be improved. And it can be improved as: 
· Option 1 split the measurement delay of CHO into two cases, i.e., with acquiring the index of the SSB or without acquiring the index of the SSB
· For intra-frequency measurement without/with gaps
· without acquiring the index of the SSB
· Scenario 1 deriveSSB-IndexFromCell is enabled
· with acquiring the index of the SSB
· Other scenarios except Scenario 1
· For inter-frequency measurement without/with gaps
· with acquiring the index of the SSB
· Option 2 only consider the case of “without acquiring the index of the SSB”in the measurement delay. And 
· Option 2a define a separate time for acquiring the SSB index TSSB_time_index_cond
· the value of TSSB_time_index _cond could be [1] *Trs for intra-freq measurement and [1 or 3] *Trs for inter-freq measurement
· Option 2b count the time for acquiring the SSB index into the T∆
3. Conclusions
Observation 1: If it is async NW (e.g., FDD) and NW configures no report of SSB index, then there is no time for UE to obtain SSB index according to existing requirements on CHO
Proposal 1: Since no report is needed for CHO if conditions are met, the measurement delay for CHO should not be dependent on configuration of whether SSB index is to be reported or not
Proposal 2: The existing requirements on CHO needs to be improved. And it can be improved as: 
· Option 1 split the measurement delay of CHO into two cases, i.e., with acquiring the index of the SSB or without acquiring the index of the SSB
· For intra-frequency measurement without/with gaps
· without acquiring the index of the SSB
· Scenario 1 deriveSSB-IndexFromCell is enabled
· with acquiring the index of the SSB
· Other scenarios except Scenario 1
· For inter-frequency measurement without/with gaps
· with acquiring the index of the SSB
· Option 2 only consider the case of “without acquiring the index of the SSB”in the measurement delay. And 
· Option 2a define a separate time for acquiring the SSB index TSSB_time_index_cond
· the value of TSSB_time_index _cond could be [1] *Trs for intra-freq measurement and [1 or 3] *Trs for inter-freq measurement
· [bookmark: _GoBack]Option 2b count the time for acquiring the SSB index into the T∆
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8

1

image1.emf
t

RRC 

command 

decoding

A condition met 

at measurement 

reference point

UE performs L3 measurements on target 

frequency layer

Time 

to 

trigger

CHO 

preparation

RF warm-up 

and SW 

processing

Fine tracking 

and Full timing 

information

Waiting for PRACH 

transmission 

occasion

SSB

proc

T

RRC_delay

T

Event_DU

TTT

T

Δ

T

margin

T

IU

RACH 

process

Acquire 

SSB index

Acquire 

SSB index

Case 1: Possible starting point T1 Case 2: Possible starting point T2


Microsoft_Visio_Drawing.vsdx
t
RRC command decoding
A condition met at measurement reference point
UE performs L3 measurements on target frequency layer
Time to trigger
CHO 
preparation
RF warm-up and SW processing
Fine tracking and Full timing information
Waiting for PRACH transmission occasion
SSB
proc
TRRC_delay
TEvent_DU
Tmeasure
TTT
TCHO_execution
Tprocessing
TΔ
Tmargin
TIU
Interruption(i.e. No UL/DL transmission at all)
RACH process
Acquire SSB index
Acquire SSB index
Case 1: Possible starting point T1
Case 2: Possible starting point T2



