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1. Introduction

The NR intra- and inter-frequency cell identification requirements are specified for the following cases

· New detectable cell, UE is not indicated to report SSB based RRM measurement result
· New detectable cell, UE has been indicated that the neighbour cell is synchronous with the serving cell
· New detectable cell, other cases
· New detectable SSB of an already detected cell
In RAN4#88bis there was a proposal [1-2] to update the requirements for the identification delay for a new detectable SSB of an already detected cell. In this paper, we will provide our views on this issue.
2. Discussion
2.1. Intra-frequency
We first look into intra-frequency requirements which are specified as follows. 
	The UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index, or the UE has been indicated that the neighbour cell is synchronous with the serving cell. 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-IndexFromCellis always enabled for FR1 TDD and FR2, and hence the identification time is always Tidentify_intra_without_index
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


The proposed changes in [1] are copied as follows.
	The UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index, or the UE has been indicated that the neighbour cell is synchronous with the serving cell. Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index. In FR1, when deriveSSB-IndexFromCell is not enabled the UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within TSSB_time_index_intra. Otherwise, in FR1 when deriveSSB-IndexFromCell is enabled, the UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within T SSB_measurement_period_intra. It is assumed that deriveSSB-IndexFromCellis always enabled for FR2, and hence the intra frequency cell identification time is always Tidentify_intra_without_index. The identification time of a new detectable intra frequency SS block of an already detected cell is always T SSB_measurement_period_intra.
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


In current spec, UE is required to identify a new detectable SSB of an already detected cell within TPSS/SSS_sync_intra + T SSB_measurement_period_intra. Following the changes in [1], UE is required to identify a new detectable SSB of an already detected cell within TSSB_time_index_intra when deriveSSB-IndexFromCell is not enabled, and within TSSB_measurement_period_intra when deriveSSB-IndexFromCell is enabled.
Next we will analyse UE behaviour for identifying a new detectable SSB of an already detected cell for different cases. 

Case 1: UE has been indicated that the neighbour cell is synchronous with the serving cell

On intra-frequency carrier UE always has the timing of the serving cell. When deriveSSB-IndexFromCell is enabled, UE can always derive the index of a new detectable SSB in a neighbour cell, no matter if UE has read the index of any SSB of this neighbour cell, so SSB index reading is not needed for identification of a new detectable SSB of an already detected cell. The question is whether PSS/SS detection is needed or not.
In principle, UE has the cell ID, timing and index information of all SSBs in a neighbour cell, so it knows where to measure without the need to perform any PSS/SSS detection. For an SSB that UE is continuously measuring on, UE should be able to report the RSRP for it within the measurement period, from the time point when the SSB becomes detectable. 

However, if UE is required to identify a new detectable SSB of an already detected cell within the measurement period, UE has to continuously measure all SSBs of al already detected cell. This is because UE does not know which SSBs of the already detected cell will become detectable – to meet the requirement and be able to report RSRP for any SSB that may become detectable, UE has to monitor all. This imposes a quite heavy measurement burden to the UE, and will make the number of monitored SSBs exceed the UE capability. 
Observation: If UE is required to identify a new detectable SSB of an already detected cell within the measurement period, UE has to continuously measure all SSBs of al already detected cell. It imposes a quite heavy measurement burden to the UE, and will make the number of monitored SSBs exceed the UE capability.
Based on above analysis, our view is that when UE has been indicated that the neighbour cell is synchronous with the serving cell, PSS/SSS detection is needed for UE to identify a new detectable SSB of an already detected cell, to allow UE to determine which SSBs are detectable and should be monitored. Therefore, the requirement for the identification delay should be defined as TPSS/SSS_sync_intra + T SSB_measurement_period_intra, which is same as in current spec.
Case 2: UE is not indicated that the neighbour cell is synchronous with the serving cell

There are two sub-cases for Case 2.

· Case 2a: UE is not indicated to report SSB based RRM measurement result with the associated SSB index
· Case 2b: UE is indicated to report SSB based RRM measurement result with the associated SSB index
For Case 2a, UE will not read the SSB index when detecting the neighbour cell (first SSB of a new cell), so UE does not know the timing information of other SSBs of the same cell, and PSS/SSS detection are needed for UE to know where to measure. On the other hand, UE does not need the SSB index information for measurement reporting, so SSB index reading is not needed. The requirement for the identification delay should be defined as TPSS/SSS_sync_intra + T SSB_measurement_period_intra, which is same as in current spec.
For Case 2b, UE needs the SSB index information for measurement reporting, but on the other hand, UE has read the SSB index when detecting the neighbour cell (first SSB of a new cell). Based on the detected SSB with known index and the ssb-ToMeasure, UE knows where to measure other SSBs of the same cell without the need to perform PSS/SSS detection or SSB index reading. Based on the analysis for Case 1, we think PSS/SSS detection should still be accounted for in the requirement to avoid UE monitoring all SSBs of already detected cells. The requirement for the identification delay should be defined as TPSS/SSS_sync_intra + T SSB_measurement_period_intra, which is same as in current spec.
2.2. Inter-frequency
In this section we will look into inter-frequency, and the current requirements are as follows.
	When measurement gaps are provided, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index. Otherwise UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_with_index. The UE shall be able to identify a new detectable inter frequency SS block of an already detected cell within TSSB_time_index_inter.
Tidentify_inter_without_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter) ms

Tidentify_inter_with_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter + TSSB_time_index_inter) ms


The analysis for intra-frequency also applies for inter-frequency. 
· Case 1: when deriveSSB-IndexFromCell is enabled, UE can always derive the timing and index information of SSBs of an already detected cell, but to avoid UE measuring all SSBs, the requirements for identification of a new detectable SSB of an already detected cell should include the PSS/SSS detection time and measurement period.
· Case 2a: when deriveSSB-IndexFromCell is not enabled and when UE is not indicated to report SSB based RRM measurement result with the associated SSB index, UE needs to perform PSS/SSS detection to find out where to measure other SSBs of an already detected cell but does not need to perform SSB index reading (not required for measurement reporting), so the requirements should include the PSS/SSS detection time and measurement period.

· Case 2b: when deriveSSB-IndexFromCell is not enabled and when UE is indicated to report SSB based RRM measurement result with the associated SSB index, UE can always derive the timing and index information of SSBs of an already detected cell, but to avoid UE measuring all SSBs, the requirements should include the PSS/SSS detection time and measurement period.

Based on the analysis in section 2.1 and section 2.2 for both intra- and inter-frequency, it can be found that the requirements for identification of a new detectable SSB of an already detected cell should be defined as the PSS/SSS detection time plus measurement period, i.e. Tidentify_intra_without_index.
Proposal: The requirements for identification of a new detectable SSB of an already detected cell should be defined as the PSS/SSS detection time plus measurement period, i.e. Tidentify_intra_without_index.
3. Conclusions

In this paper we provided our views on the requirements for identification of a new detectable SSB of an already detected cell.
Observation: If UE is required to identify a new detectable SSB of an already detected cell within the measurement period, UE has to continuously measure all SSBs of al already detected cell. It imposes a quite heavy measurement burden to the UE, and will make the number of monitored SSBs exceed the UE capability.
Proposal: The requirements for identification of a new detectable SSB of an already detected cell should be defined as the PSS/SSS detection time plus measurement period, i.e. Tidentify_intra_without_index.
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