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1. Introduction
In RAN4 #106 meeting, the issues related to correction of SSB index detection time for the current CHO and CPC requirement have been raised. The outcome of discussion was captured in WF [1], in which the scenarios that SSB index time is not needed have been identified. As for the discussion whether the SSB index detection time is needed when deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is NOT enabled is still pending. 
In this paper, we will continue to analyze on this issue and provide corresponding corrections.
2. Discussion
The following issue on SSB index detection time for CHO and CPC were captured in the WF [1]
	· RAN4 are to discuss the SSB index detection time for CHO and CPC
· [bookmark: OLE_LINK14]Whether SSB index time is needed for CHO and CPC when deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is NOT enabled? (Issue 3)

Issue 3: Whether SSB index time is needed for CHO and CPC when deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is NOT enabled?
· Option 1
· The SSB index detection time is always needed for CHO and CPC.
· Option 2
· FFS if under certain conditions the SSB index detection time for CHO and CPC is not needed.
· When the previous MO enabled this flag and UE reported SSB index in last X seconds
· When UE did not report in last X seconds
· Other conditions are not precluded



According to Intra-frequency cell identification and Inter-frequency cell identification requirement specified in clause 9.2.5.1 or clause 9.2.6.2, which are referred to the measurement time for CHO/CPC delay requirement, we can see that the identification time differentiates two cases between needs to obtain SSB index and does NOT need to obtain SSB index. Now we take the intra-frequency measurements without measurement gaps as the example (defined in clause 9.2.5.1),
	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



For the case with deriveSSB-IndexFromCell enabled, no more time is required to obtain SSB index for CHO/CPC delay, which has been agreed in RAN4#106 meeting. And as for the case that deriveSSB-IndexFromCell is NOT enabled, according to the above requirements, whether the SSB index detection time is needed depends on if UE is indicated to report SSB based RRM measurement result. However, upon the RAN2 design below, no measurement report is expected if reportConfig is condTriggerConfig. When the conditional measurement event of CHO is triggered, the conditional handover would be directly initiated.
[image: ]
From this perspective, 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.
On the other hands, anyway SSB index always needs to be known since it is necessary for target PCell handover. Then if we follow the principle on SSB index detection defined in clause 9, then there is no time for UE to obtain SSB index 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: 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
Further, we would provide the several 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, as per the following configuration of MeasResults, the ssb-Index is configured optionally to perform beam level measurement. It means UE is allowed to acquire SSB index during measurement time (corresponding to starting point T1) if ssb-Index is enabled in MeasResults. 
	MeasResults ::=                         SEQUENCE {
    measId                                  MeasId,
    measResultServingMOList                 MeasResultServMOList,
    measResultNeighCells                    CHOICE {
        measResultListNR                        MeasResultListNR,
        ...,
        measResultListEUTRA                     MeasResultListEUTRA,
        measResultListUTRA-FDD-r16              MeasResultListUTRA-FDD-r16,
        sl-MeasResultsCandRelay-r17             OCTET STRING        -- Contains PC5 SL-MeasResultListRelay-r17
    }                                                                                                                   OPTIONAL,
    ...,
ResultsPerSSB-IndexList::=              SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerSSB-Index
 
ResultsPerSSB-Index ::=                 SEQUENCE {
    ssb-Index                               SSB-Index,
    ssb-Results                             MeasQuantityResults                                                         OPTIONAL
}




And for the Case 2, if ssb-Index is not configured in MeasResults, according to the above analysis, 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 during T∆ (corresponding to starting point T2) or during the time gap (TSSB_time_index _cond) which is only for the acquisition of SSB index (corresponding to starting point T3). 
Based on above 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
· without acquiring the index of the SSB
· Scenario 1 deriveSSB-IndexFromCellInter-r17 is enabled
· with acquiring the index of the SSB
· Other scenarios except Scenario 1
· 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
· When deriveSSB-IndexFromCell is enabled or deriveSSB-IndexFromCellInter-r17 is enabled, TSSB_time_index_cond = 0
· Otherwise, 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 2/3). 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 when deriveSSB-IndexFromCell is not enabled or deriveSSB-IndexFromCellInter-r17 is not enabled.
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.
To make clearer on the spec, our preference is to define a separate part TSSB_time_index_cond for SSB index detection. Based above analysis, we provide corresponding CR [2] in this meeting and the changes are captured in Option 2a way.
Proposal 1: For the case that SSB index time is needed for CHO and CPC when deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is NOT enabled, the SSB index detection time is always needed. Correspondingly, the existing requirements on CHO can be improved as following ways for further discussion: 
· Option 1: Count the time for acquiring the SSB index into the T∆ and update the definition of T∆ correspondingly
· Option 2: Only consider the case of “without acquiring the index of the SSB”in the measurement delay. And RAN4 to 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
3. Conclusions
Observation 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 1: For the case that SSB index time is needed for CHO and CPC when deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter-r17 is NOT enabled, the SSB index detection time is always needed. Correspondingly, the existing requirements on CHO can be improved as following ways for further discussion: 
· Option 1: Count the time for acquiring the SSB index into the T∆ and update the definition of T∆ correspondingly
· Option 2: Only consider the case of “without acquiring the index of the SSB”in the measurement delay. And RAN4 to 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
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