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1. Introduction

The remaining issues of CSI-RS measurements core part are captured in [1] in last RAN4 meeting. Some open issues are still remained: time validity of the detected associatedSSB and CSI-RS measurement window. This contribution provides analysis on these issues.
2. Discussion
2.1. Time validity of the detected associatedSSB and SFN information
In current specification cluase 9.10.2.5, the CSI-RS based intra-frequency measurements without gap are specified as below. 
	9.10.2.5
Intra-frequency measurements without measurement gaps

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the CSI-RS based measurement shall include PSS/SSS detection time of associatedSSB, the time period used to acquire the SFN information and CSI-RS based measurement period without gap.
PSS/SSS detection time of associatedSSB is the intra-frequency TPSS/SSS_sync_intra in Clause 9.2.5.1. If the associatedSSB is already detected, the time period is equal to 0.
The time period used to acquire the SFN information is intra-frequency TSSB_time_index_intra in Clause 9.2.5.1 or in clause 9.2.6.2 or inter-frequency TSSB_time_index_inter in clause 9.3.4. If the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled), the time period is equal to 0. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.

The measurement period for intrafrequency measurements without gaps is as shown in table 9.10.2.5-1, Table 9.10.2.5-2.


The above description presents that the associatedSSB detection time duration refers to TPSS/SSS_sync_intra in Clause 9.2.5.1. Clause 9.2.5.1 only defines the cell detection delay. When the associatedSSB is detected, according to current specification UE can skip cell detection (TPSS/SSS_sync_intra equals 0). However if the cell is detected a long time ago, all timing information are invalid. Then TPSS/SSS_sync_intra shall not be zero. In this case, besides PSS/SSS detection, PBCH decoding shall also be performed for UE in order to acquire the completed timing information (SFN level) to correctly receive CSI-RS resources. Therefore the time validity of detected associatedSSB and acquirement of SFN information shall be explicitly specified. An example is given in Figure 1.
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Figure 1. Time validity of TPSS/SSS_sync and TSSB_time_index
At point A, associatedSSB has been detectable at least for the time period Tidentify_intra_with_index which includes the time for PSS/SSS detection and SFN acquisition. Then at point B, the cell become undetectable. Afterwards if the cell become detectable again at point C (within 5s), UE can skip performing SSB detection and PBCH reading as these information are stored in UE to some extent. However if the cell is detected a long time ago and then become detectable again, e.g., at point D (larger than 5s), it is not reasonable to omit to detect associatedSSB and perform PBCH reading.  To clearly specify UE behaviour, the following changes and conditions are proposed:
	9.10.2.5
Intra-frequency measurements without measurement gaps

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the CSI-RS based measurement shall include PSS/SSS detection time of associatedSSB, the time period used to acquire the SFN information and CSI-RS based measurement period without gap.
PSS/SSS detection time of associatedSSB is the intra-frequency TPSS/SSS_sync_intra in Clause 9.2.5.1. 
The time period used to acquire the SFN information is intra-frequency TSSB_time_index_intra in Clause 9.2.5.1 or in clause 9.2.6.2. If the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled), the time period is equal to 0. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.
If the associatedSSB which has been detectable at least for the time period Tidentify_intra_with_index defined in clause 9.2.5.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again with the same spatial reception parameter provided the timing to that cell has not changed more than ± 3200 Tc, PSS/SSS detection time of associatedSSB and time period used to acquire the SFN information are equal to 0.


Proposal 1: Adding the time validity of detected associatedSSB and SFN information in 9.10.2.5 section: 
If the associatedSSB which has been detectable at least for the time period Tidentify_intra_with_index defined in clause 9.2.5.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again with the same spatial reception parameter provided the timing to that cell has not changed more than ± 3200 Tc, PSS/SSS detection time of associatedSSB and time period used to acquire the SFN information are equal to 0.

2.2. Details in CSI-RS measurement window

In RAN4#98-bis-e, it is agreed [1] that 

	· Option 1: Rel-16 L3 CSI-RS requirements are defined under assumption that all CSI-RS resources in the same MO are configured in the same 5ms window
· Note: It is up to the network whether to configure all CSI-RS in the 5ms window and if CSI-RS resources are configured outside then UE may not measure it and the requirements do not apply.
· Option 2: Keep the current specification unchanged
· Option 3: All CSI-RS resources in the same MO are configured in the same 5ms window for inter frequency measurement, and measurement requirements should allow all CSI-RS resources in the same MO are configured in two separated 5ms windows during one CSI-RS resource period for intra frequency measurement. 


Our proposal in RAN4#98-bis-e was to support different CSI-RS resources in the same MO fall in different 5ms windows, and based on the RAN4#98-bis-e discussions, we can support option 3 as a compromise way forward.

The key difference between option 3 and option 1 can be illustrated with Figure 1, which shows two cases, 
· Case 1: two CSI-RS resources are configured in the same window 
· Case 2: two CSI-RS resources fall in different 5ms windows 
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Figure 1: Illustration of different cases for CSI-RS resources in periodically occurring windows

With option 1, only Case 1 will be supported requirements wise, and with option 3, both Case 1 and Case 2 will be supported. In our view, Case 2 should be also supported.
From NW side, this allow flexible CSI-RS configuration. Considering CSI-RS resources may need to be placed in the same 5ms window as SSB (to allow MG based measurement), it may be difficult to accommodate all CSI-RS resources in a single 5ms window. 
Observation 1: It may be difficult for NW to accommodate all CSI-RS resources in the same 5ms window.
From UE side, as the offset for each CSI-RS resource is provided by the configuration signalling, the presence of each CSI-RS resource in a window instance should be clear, so there is no problem for UE to determine which resources to measure for a window instance. Some companies mentioned the concern on UE complexity, but in our understanding, UE anyway needs to do CSI-RS measurement on per resource basis because it needs to check if the associated SSB of a specific CSI-RS resource is detected or not. In addition, UE supporting Case 1 can also support Case 2, as in Case 2 the occasions to measure for each resource is reduced compared to Case 1. 

It is noted that with option 3, UE complexity issue is addressed because for inter-frequency measurement there can be only one window, and for intra-frequency the number of windows is 2. In RAN4#98-bis-e, some companies raised the concern that the overlapping status with MG can be different. We do not think this is a blocking issue because the measurement period for each resource can be determined on per resource basis, so if a resource is partially overlapped with MG, then its measurement period will be longer than another resource which is non-overlapped with MG. However, if this is a really strong concern, we can further compromise that overlapping status with MG is same for the two windows.
Observation 2: UE supporting Case 1 should also be able to support Case 2, since UE can determine the presence of each CSI-RS resource in each window occasion. 
Based on above analysis, we suggest to adopt option 3 as the applicability conditions for CSI-RS measurement requirements. For the spec, we think some clarifications are needed. We do not support option 2 because the current spec is not clear, and it is the reason why RAN4 has been discussing this issue. Specifically, the current condition is 

	-
the CSI-RS resources on one frequency layer are configured within a window of up to 5ms where the measurements of CSI-RS on the frequency layer are to be performed


As both the window and the CSI-RS resources occur periodically, it is unclear if the periodicity is same for CSI-RS resources and the window. 

· If the window periodicity is same as the resource periodicity, then Case 2 in Figure 1 is not supported

· If the window periodicity is smaller than the resource periodicity, e.g. window periodicity is 20ms and the resource periodicity is 40ms, then Case 2 in Figure 1 is supported.

Proposal 2: Adopt the following applicability conditions for CSI-RS measurement requirements:

· For inter-frequency measurements, Rel-16 L3 CSI-RS requirements are defined under assumption that all CSI-RS resources in the same MO are configured in the same 5ms window

· For intra-frequency measurements: Rel-16 L3 CSI-RS requirements are defined under assumption that CSI-RS resources in the same MO can be configured in up to two separated 5ms windows during one CSI-RS resource period, and the overlapping status with MG is same for the two windows.
3. Conclusions

This contribution provides the analysis on time validity of the detected associatedSSB and CSI-RS measurement window. The following observations and proposals are proposed:
Proposal 1: Adding the time validity of detected associatedSSB and SFN information in 9.10.2.5 section: 
If the associatedSSB which has been detectable at least for the time period Tidentify_intra_with_index defined in clause 9.2.5.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again with the same spatial reception parameter provided the timing to that cell has not changed more than ± 3200 Tc, PSS/SSS detection time of associatedSSB and time period used to acquire the SFN information are equal to 0.
Observation 1: It may be difficult for NW to accommodate all CSI-RS resources in the same 5ms window.

Observation 2: UE supporting Case 1 should also be able to support Case 2, since UE can determine the presence of each CSI-RS resource in each window occasion. 
Proposal 2: Adopt the following applicability conditions for CSI-RS measurement requirements:

· For inter-frequency measurements, Rel-16 L3 CSI-RS requirements are defined under assumption that all CSI-RS resources in the same MO are configured in the same 5ms window

· For intra-frequency measurements: Rel-16 L3 CSI-RS requirements are defined under assumption that CSI-RS resources in the same MO can be configured in up to two separated 5ms windows during one CSI-RS resource period, and the overlapping status with MG is same for the two windows.
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