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Introduction
Maintenance of RRM core requirements for L3 CSI-RS measurement were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· CSI-RS measurement window for FR2  
· UE behavior when the timing offset exceeds threshold
In this paper we will provide our views on the above remaining issues for L3 CSI-RS measurement.
Discussion
CSI-RS measurement window for FR2  
	· Agreement
· FR1 
· 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
· 1/ The overlapping status with MG is same for the two windows.
· FFS how to capture this in the specification
· 2/ The periodicity of the configured CSI-RS resources is 20ms or 40ms.
· 3/ The gap between two 5ms windows shall be half of the CSI-RS periodicity
· 4/ Measurement requirements are not impacted by separated 5ms windows.
· The conditions 1, 2, 3, 4 apply for the case of two separated 5ms windows during one CSI-RS period only. 
· FFS for FR2 


The time domain restriction for CSI-RS measurement has been discussed for some meetings, and in RAN4#99-e it was agreed to support two measurement windows for intra-frequency measurement in FR1, conditioned on some configuration restrictions. 
Whether to support two measurement windows for FR2 is FFS. During RAN4#99-e discussion, some companies raised up the issue of UE complexity and referred to the discussion in Rel-15 for SSB based intra-frequency measurement [2]. 
Background for SSB measurement 
The UE complexity issue in [2] is caused by the fact that UE is required to measure PCC/PSCC at the same time as one SCC and it has to use the same Rx beam when two CCs are measured at the same time. It means UE has to plan the order of measurement and Rx beam sweeping jointly to make sure the delay requirements are met for each CC. 
For example, in Figure 1c from [2] two SCCs can only be measured in TDM manner due to searcher limit, and at the same time the PSCC has to be measured in all SMTC windows to meet the requirements. The scheduling of measurement and Rx beam may be still possible but it has to be designed with much more efforts since many more SMTC windows need to be considered together.
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Figure 1: Example of Rx beam scheduling with different number of SCCs
It can be imagined that with more SCCs and different SMTC offsets, the scheduling can be very complex for each combination, and the number of combinations is huge (up to 7 SCCs, 6 SMTC periods and all offsets are possible). This will considerably complicate the UE implementation.
The Rel-15 issue was finally resolved by adding the following applicability conditions for FR2 intra-frequency measurement:
	The requirements in this clause apply provided that 
-	There are no PCell nor PSCell in FR2, or 
-	The SMTC on all CCs and inter-frequency layers without measurement gap in FR2 have the same offset, and one of following conditions is met
-	If smtc2 is configured on any FR2 CC, 
-	All CCs have the same configuration for smtc1, and
-	All CCs configured with smtc2 have the same configuration for smtc2
-	If smtc2 is not configured on any FR2 CC, 
-	The total number of different SMTC periodicities on all serving CCs and inter-frequency layers without measurement gap does not exceed 4
- All CSI-RS resources in the same MO are configured within a periodic 5ms window.
Note:	Longer delays for cell identification and measurement periods derived based on CSSFoutside_gap,i in clauses 9.2.5.1, 9.2.5.2, can be expected, if the UE is configured with more than 4 different SMTC periodicities on FR2 serving carriers. The longer delay applies for the FR2 intra-frequency measurement objects with the longest SMTC periodicity/periodicities.


Consideration for CSI-RS measurement 
For CSI-RS measurement, the same complexity issue also exists. Based on the CSSF definition, UE is still assumed to measure PCC/PSCC CSI-RS with at the same time as one SCC CSI-RS, and same Rx beam has to be used for measurements at the same time. Therefore, it is reasonable to use the same applicability condition as SSB measurement. 
Proposal 1: For FR2 intra-frequency CSI-RS measurement, use the same applicability condition regarding measurement window alignment as SSB measurement.
It is noted that when 2 CSI-RS measurement windows are used for intra-frequency, the situation is similar to dual SMTC. As CSI-RS resource periodicity can be only 20ms or 40ms when 2 windows are used, there are only two extra cases introduced due to support of 2 measurement windows for CSI-RS.
Based on existing condition for SSB based measurement, the first window should be aligned across all CCs, and the second window should be aligned across all CCs with 2 windows. This would result in at most the following 6 combinations considering the support CSI-RS resource periodicities:
· Case 1: 10ms periodicity with 1-window, 20ms periodicity with 2-window
· Case 2: 10ms periodicity with 1-window, 40ms periodicity with 2-window
· Case 3: 20ms periodicity with 1-window, 20ms periodicity with 2-window
· Case 4: 20ms periodicity with 1-window, 40ms periodicity with 2-window
· Case 5: 40ms periodicity with 1-window, 20ms periodicity with 2-window
· Case 6: 40ms periodicity with 1-window, 40ms periodicity with 2-window
Among those combinations, case 3 and case 6 can be handled with the same principle, and case 1 and case 4 can be handled with the same principle, so there are extra 4 combinations to be handled by UE. Based on our analysis, planning the measurement and Rx beam sweeping for all of them should be easy, e.g. Figure 2 shows a simple round-robin planning that can meet the delay requirements.
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Figure 2: Example of Rx beam scheduling for CSI-RS with 2 measurement windows
Observation 1: The extra complexity in planning the measurement and Rx beam sweeping due to support of 2 measurement windows for CSI-RS is limited.  
On the other hand, support of 2 measurement windows in FR2 are as necessary as in FR1, if not more. Although the 5ms time period includes a larger number of slots compared to FR1, in FR2 a cell may transmit more beams than in FR1, and this leads to a large number of CSI-RS resources. More importantly, NW cannot multiplex multiple CSI-RS resources in one symbol as in FR1 due to Tx beam limitation, and this means less CSI-RS resources can be transmitted per slot.
Observation 2: From NW side, support of 2 measurement windows in FR2 is as necessary as in FR1.
Based on above observations, we suggest that  
Proposal 2: Support 2 measurement windows for FR2 CSI-RS intra-frequency measurement.
UE behavior when the timing offset exceeds threshold
	· Option 1: (Nokia, Intel, Apple)
· For intra-frequency measurement, the UE is not required to report the configured CSI-RS resources of a neighbour cell if the symbol level misalignment between serving and the corresponding neighbour cell exceeds the threshold. 
· For inter-frequency measurement, UE can pick up any cell as the reference cell per frequency layer. UE is not required to report the configured CSI-RS resources of a neighbour cell if the symbol level misalignment between the reference cell and the corresponding neighbour cell belonging to the same frequency layer exceeds the threshold.
· Option 2: (Huawei, CATT, OPPO, Xiaomi, Qualcomm, MTK, Intel, vivo)
· No spec updates are needed.


As we commented in RAN4#99-e, we slightly prefer option 2.
In our view whether to report for CSI-RS resources with timing error larger than the threshold should be up to UE implementation, and in this sense, there is nothing wrong in option 1. However, we see the spec change proposed in option 2 as redundant because current requirements do not require UE to report for such CSI-RS resources.
Specifically, the threshold and reference timing for the measurement are already captured as side conditions for accuracy requirements. It is clear that when a CSI-RS resources is with timing error larger than the threshold, UE is not required to meet the accuracy requirements. As such UE is also not required to report the results for this resource, i.e. UE is not required to have valid measurement results for this resource.
Therefore, we slightly prefer to have no spec update because anyway the specs are not supposed to capture everything UE is not required to do.
Proposal 3: No spec update for UE behavior when the timing offset exceeds threshold.
Conclusions
In this paper we provided our views on the remaining issues for L3 CSI-RS measurement.
Proposal 1: For FR2 intra-frequency CSI-RS measurement, use the same applicability condition regarding measurement window alignment as SSB measurement.
Observation 1: The extra complexity in planning the measurement and Rx beam sweeping due to support of 2 measurement windows for CSI-RS is limited.  
Observation 2: From NW side, support of 2 measurement windows in FR2 is as necessary as in FR1.
Proposal 2: Support 2 measurement windows for FR2 CSI-RS intra-frequency measurement.
Proposal 3: No spec update for UE behavior when the timing offset exceeds threshold.
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