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1 Introduction
A WI [1] was agreed to start discussing the requirement of CSI-RS based L3 measurement. One objective in [1] is to discuss the intra frequency and inter frequency measurement requirements. In this paper, we express our view on the cell identification requirements for CSI-RS based L3 measurement. 
2 Discussion
When CSI-RS was designed in RAN1, it was not targeting for any cell detection purposes. In other words, UE needs to first identify the cell based SSB to guarantee this cell is closed enough to UE. Then UE performs measurement on that CSI-RS of the nearby cell. UE should not just measure every CSI-RS configured by the network without checking if the cell is nearby or not. This is a waste of UE’s computation power and the usefulness of the results are also doubtful. In other words, SSB-based cell detection is still required for CSI-RS based L3 measurement. Therefore, configuring an MO with only CSI-RS but without SSB configuration would be weird, and we suggest not to define any requirements for this kind of MO. 
[bookmark: _Ref20510223]Observation 1: SSB-based cell detection is still required for CSI-RS based cell identification. 

Based on above understanding, we can now further discuss 2 different CSI-RS configurations: with associated SSB and without associated SSB. The field description of associatedSSB is provided below. 
	associatedSSB
If this field is present, 
· the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the cell indicated by the cellId in the CSI-RS-CellMobility. 
· In this case, the UE is not required to monitor that CSI-RS resource if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cellId. 
If this field is absent, 
· the UE shall base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the serving cell indicated by refServCellIndex. 
· In this case, the UE is required to measure the CSI-RS resource even if SS/PBCH block(s) with cellId in the CSI-RS-CellMobility are not detected.
CSI-RS resources with and without associatedSSB may be configured in accordance with the rules in TS 38.214 [19], clause 5.1.6.1.3. 



Depending on whether associatedSSB is configured, UE behaviors are different in the following 2 aspects.
1. Reference timing for CSI-RS. Since CSI-RS resources configured in MO are based on slot timing, UE has to know the SFN and frame boundary of the target cell before performing CSI-RS measurement. If associatedSSB is configured, UE follows the Cell ID of the CSI-RS. Otherwise, UE follows the serving cell indicated by refServCellIndex. In the 1st case, to get the SFN and frame boundary information of the target cell, UE needs to decode the PBCH. Note that the signaling deriveSSB-IndexFromCell does not help in this case, because its timing tolerance is up to one PDSCH symbol, while for CSI-RS measurement the timing misalignment should be at least within CP as indicated in WID [1].
[bookmark: _Ref20649359]Observation 2: According to TS38.331, if associatedSSB is configured, the timing reference of the CSI-RS follows the target cell. UE has to decode the PBCH of the target cell to get SFN, frame boundary and symbol-level timing with error within CP before measuring the CSI-RS.
2. The number of CSI-RS to be measured. If associatedSSB is configured, UE only has to measure the CSI-RS resources when the cell and the SSB can be detected. If associatedSSB is not configured, UE should measure all configured CSI-RS resources. In the first case, the UE behavior is reasonable. UE’s computation power is spent on those CSI-RS transmitted by the nearby cells and along with the Tx beams pointing to the location of UE. In the 2nd case, UE could be wasting its power on those CSI-RS are transmitted by a far-away cell or transmitted by a nearby cell with the Tx beam pointing to the spatial direction opposite to the location of UE. Note that the max number of CSI-RS resources that can be configured in one MO is 96. It is not reasonable to mandate UE to measure 96 CSI-RS resources per MO. Therefore, we suggest that RAN4 does not specify requirements for the case that associatedSSB is not configured.
[bookmark: _Ref20649360]Observation 3: If associatedSSB is not configured, UE has to measure up to 96 CSI-RS resources per MO. This is a huge waste of UE’s computation power. 
[bookmark: _Ref20649364]Proposal 1: RAN4 does not specify requirements for the case that associatedSSB is not configured.

Another aspect to be discussed is about the AGC for CSI-RS measurement. From the experience of SSB, UE uses the RSSI observed from previous SMTC occasion to adjust the AGC for the next SMTC. Similar UE behavior should be considered here. One issue to be discussed is that whether the RSSI observed in SMTC can be used for CSI-RS or not. In our understanding, this is not guaranteed because CSI-RS could be transmitted through a narrower Tx beam than SSB. The received power at UE could be different. Therefore, UE may has to maintain a separate AGC control for CSI-RS measurement. However, the AGC for L3 CSI-RS could be very challenging because
2) CSI-RS may occupy a wider bandwidth than SSB and transmitted together with PDSCH signals on the same OFDM symbol, making the RSSI observed by UE very dynamic.
3) The main contributor of the interference to CSI-RS measurement is PDSCH for other cells. The received power on PDSCH could be dynamically changed. Note that the main contributor of the interference to SSB is typically the SSB from other cells. Therefore the received interference power could be consistent.
Therefore, we suggest that the AGC for L3 CSI-RS measurement should be considered in the requirements.
[bookmark: _Ref20649365]Proposal 2: The AGC control for L3 CSI-RS is more challenging than SSB and should be considered in the requirements.

Based on above analysis, we can see a clear UE behavior for CSI-RS based cell identification. The basic follow is illustrated in Figure 1. 
1. SSB-based AGC and cell search: The purpose is to first identify if the target cell and the associated SSB is closed enough to the UE. The requirement can follow what we already specified in SSB-based L3 measurement
2. PBCH decoding: The purpose is to get the SFN, frame boundary and symbol-level timing of the target cell. The requirement can follow the requirement for SBI acquisition in FR2. Note that in FR1, we can skip the Rx beam sweeping factor. 
3. CSI-RS based measurement with AGC margin: This is the new part that RAN4 needs to further discuss. It is also coupled with the measurement BW discussion. With wider measurement BW, we expect less samples for measurement, more uncertainty in AGC control, and higher UE complexity. 
[image: ]
[bookmark: _Ref20648616]Figure 1. Time flow for CSI-RS based cell identification
[bookmark: _Ref20649367]Proposal 3: The requirement of CSI-RS based cell identification consists of the following 3 components: 1) Cell search via SSB with AGC margin, 2) PBCH decoding and 3) CSI-RS measurement with AGC margin. 

CSSF needs to be considered, either outside gap or within gap. Whether to use CSSF outside gap or within gap is highly related to the conclusion on the definition of intra and inter frequency measurement. Note the current SSB-based requirements on deriving CSSF is already very complicated, RAN4 should avoid to create new definition of CSI-RS specific CSSF in this work and try to re-use the existing requirement as much as possible.
[bookmark: _Ref20649888]Proposal 4: RAN4 should avoid to create new definition of CSI-RS specific CSSF in this work and should try to re-use the existing requirement as much as possible. 

In SSB based requirement in FR2, RAN4 spent quite a lot of time addressing the interaction between L3 measurement and L1 measurements (RLM/BFD/CBD/L1-RSRP). Some new sharing factors were introduced in both L3 requirements and L1 requirements. The main reason is that the SSBs are cell-specific, and the same SSB can be re-used for multiple purposes. The situation can be different in L3 CSI-RS, which is UE-specifically configured. The easiest way to avoid re-opening this discussion is to make sure that the CSI-RS resource configured for L3 measurement is not shared with other L1 measurement. In this way, we can make the requirements simple.
[bookmark: _Ref20652390]Proposal 5: The CSI-RS resource configured for L3 measurement is not shared with other L1 measurement.

There is one thing needs to be further clarified in the WID on the definition of single FFT in intra frequency case. 
	· Assumptions on Synchronization 
· Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.


Under intra frequency measurement, UE is always monitoring the PDCCH of its serving cell and perhaps needs to decode PDSCH from serving cell. If the CSI-RS of neighboring cell comes at the same with the PDSCH to be decoded, then the FFT windowing timing should always base on serving cell. To simplify UE’s behavior, we suggest that the FFT window timing is always following the serving cell timing. In this case, we can remove the additional 1 OFDM symbol margin in scheduling restriction for CSI-RS based L3 measurement.
[bookmark: _Ref20652057][bookmark: _Ref20652392]Proposal 6: The FFT window timing for intra frequency measurement always follows the serving cell timing. 

With Proposal 6, we can now discuss the requirements of scheduling restriction. The scheduling restriction was introduced for SSB case due to 3 issues.
1. Collision with UL transmission and DL measurement on TDD carrier
2. Mix-numerology between data and SSB symbols
3. The need of Rx beam sweeping in FR2
In our understanding, the 2nd issue is not an issue in CSI-RS based L3 measurement, because the SCS should always be the same as PDCCH and PDSCH. For the other 2 cases, scheduling restrictions are still needed. According to Proposal 6, one more thing that should be different to SSB based scheduling restriction is that the additional symbols before and after SSB symbols are not needed here, because UE can use one single FFT for all CSI-RS measurement in the same frequency layer. In FR2, the best way to allocation CSI-RS resources is on the adjacent OFDM symbols to SSB symbols to avoid extra scheduling restriction.
[bookmark: _Ref20652393]Proposal 7: Scheduling restriction for CSI-RS based L3 measurement is still needed to address the issues of 1) collision with UL transmission and DL measurement on TDD carrier and 2) the need of Rx beam sweeping in FR2. 
[bookmark: _Ref20652782]Proposal 8: The scheduling restriction on the additional OFDM symbols before and after SSB is not needed for CSI-RS based L3 measurement.
3 Summary
In this paper, we discuss the requirement of cell identification for L3 CSI-RS. We have the following observations and proposals.
Observation 1: SSB-based cell detection is still required for CSI-RS based cell identification.
Observation 2: According to TS38.331, if associatedSSB is configured, the timing reference of the CSI-RS follows the target cell. UE has to decode the PBCH of the target cell to get SFN, frame boundary and symbol-level timing with error within CP before measuring the CSI-RS.
Observation 3: If associatedSSB is not configured, UE has to measure up to 96 CSI-RS resources per MO. This is a huge waste of UE’s computation power.
Proposal 1: RAN4 does not specify requirements for the case that associatedSSB is not configured.
Proposal 2: The AGC control for L3 CSI-RS is more challenging than SSB and should be considered in the requirements.
Proposal 3: The requirement of CSI-RS based cell identification consists of the following 3 components: 1) Cell search via SSB with AGC margin, 2) PBCH decoding and 3) CSI-RS measurement with AGC margin.
Proposal 4: RAN4 should avoid to create new definition of CSI-RS specific CSSF in this work and should try to re-use the existing requirement as much as possible.
Proposal 5: The CSI-RS resource configured for L3 measurement is not shared with other L1 measurement.
Proposal 6: The FFT window timing for intra frequency measurement always follows the serving cell timing.
Proposal 7: Scheduling restriction for CSI-RS based L3 measurement is still needed to address the issues of 1) collision with UL transmission and DL measurement on TDD carrier and 2) the need of Rx beam sweeping in FR2.
Proposal 8: The scheduling restriction on the additional OFDM symbols before and after SSB is not needed for CSI-RS based L3 measurement.
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