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1 Introduction
In the moderator’s summary [1], one open issue is mentioned about the synchronization assumption. The status of the 2nd round discussion is captured below: 
	Issue 4.2.2-1: For CSI-RS measurement with associated SSB, the synchronization assumption for CSI-RS measurement requirements.
· Option 1 : (MTK, vivo, CATT, OPPO, Intel, Qualcomm, LGE, NEC)
· RAN4 to address the issue of timing difference between the arrival of the CSI-RS and UE’s FFT timing in the performance part, rather than limit the applicable condition in core part.
· Option 2 : (CMCC, Huawei, Nokia, ZTE, DOCOMO, Apple)
· For the case with associatedSSB, UE base the timing on the cell given by the cellId of the CSI-RS resource configuration.
· Option 3 : (Huawei, CMCC)
· When CSI-RS measurement is configured with associated SSB, UE is assumed to use the timing of the detected SSB, and the CSI-RS measurement requirements is not conditioned on network synchronization. Otherwise, RAN4 should define a UE capability to indicate if UE supports CSI-RS measurement based on timing of each individual associated SSB or a single timing per MO. 
· Option 4 : (LGE)
· Tight synchronization level between serving and neighbour cell should be considered to utilize CSI-RS L3 measurement.
· Tight synchronization level less than CP length is needed to support different SCS value.


In this paper, we express our view on this open issue. 
2 Discussion
The very first thing to check is the WID.
	This new WID proposed to specify RRM requirements for CSI-RS based L3 measurements with the following aspects,
· Assumptions on Synchronization 
· Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.  
· Measurement bandwidth of CSI-RS for the minimum requirements
· CSI-RS based intra-frequency and inter-frequency definition 
· Intra-frequency and inter-frequency measurement requirements 
· Evaluate and specify CSI-RS based L3 measurement accuracy
· Introduce new UE measurement capability, including number of frequency layer and number of cells etc., for CSI-RS based measurement 


Single FFT is assumed in this whole WI and is to be used to measure all cells (including serving cell and all neighboring cells) in a frequency layer. The single FFT window timing cannot be optimized to all cells. 
· The example for an intra-frequency layer with serving cell is shown in Figure 1(a). Since UE always has data from serving cell to receive, UE has no other choice but optimize this FFT window timing with respect to its serving cell. Otherwise the PDSCH decoding performance is compromised. In this case, the single FFT window cannot perfectly cover the signals from all neighboring cells which comes earlier or later.
· The example for an inter-frequency layer without serving cell is shown in Figure 1(b). Since UE has to select one single FFT timing to performance measurement, e.g., align with the strongest neighboring cell. In this case, the single FFT window cannot perfectly cover the signals from all neighboring cells. 
Based on above discussion we can see that Option 2 is not well aligned with the WID description. Therefore it is not preferred.
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[bookmark: _Ref40048045]Figure 1. Two examples on how UE may determine its FFT window
[bookmark: _Ref40049099]Observation 1: According to WID, UE is required to use single FFT window to measure all cells in one frequency layer. This single FFT window timing cannot be optimal for all neighboring cells.

This a real issue UE needs to face. One evidence is to compare the 3us cell phase synchronization requirement with the CP length of different numerologies (Table 1). We can see that even without considering the difference in propagation delay, the CP lengths of SCS 30KHz, 60KHz and 120KHz may already be insufficient to cover the timing difference between signals from 2 Cells.
[bookmark: _Ref40047350]Table 1 symbol duration for different SCS
	SCS (KHz)
	15
	30
	60
	120

	CP length (us)
	4.7
	2.35
	1.18
	0.59



[bookmark: _Ref40049101]Observation 2: The cell phase synchronization error is already larger than the CP length of SCS 30KHz, 60KHz and 120KHz, even without considering the difference due to propagation delay.

Given that the cell deployment is already determined in R15, we believe that UE will always receive some CSI-RS of which the timing difference to UE’s serving cell is larger than CP/2. We do not think it makes much sense to only consider a small timing difference in the requirement because the inter-gNB distance and the cell phase synchronization requirement will not be further reduced due to the introduction of CSI-RS for L3 measurement. Therefore, Option 4 is also not preferred.
[bookmark: _Ref40049103]Observation 3: Inter-gNB distance and the cell phase synchronization requirement were determined in R15 and will not be further reduced due to the introduction of CSI-RS for L3 measurement.

Regarding Option 3 to introduce the UE capability, we do not think it is necessary in Rel-16. How network can leverage this UE capability is not clear to us. The receive timing difference is only visible at UE side, not network side. Therefore, network has no knowledge about which measurement report is more reliable than the others. From the UE side, it is also not clear on how many FFT engines are enough to guarantee acceptable performance for every scenario. For an example, One FFT engine can only guarantee the measurement accuracy for signals with timing difference roughly smaller than CP/2. 
· If UE wants to guarantee no performance loss due to timing misalignment, UE has to implement many engines to cover every corner cases. As we know, the FFT engine is one of the most expensive module in CSI-RS based L3 measurement. The cost of this kind of UE will be unacceptably high. 
· If UE only implements 2 or 3 FFT engines, then there are still chances that a CSI-RS is coming at the a timing that none of the FFT engine can well cover it. In this case, this capability still cannot avoid UE to report CSI-RS with degraded performance. Different accuracy requirements as suggested in Option 1 are still needed. 
[bookmark: _Ref47442680]Observation 4: The receive timing difference is only visible at UE side. Network has no knowledge about which measurement report is more reliable than the others
[bookmark: _Ref47442681]Observation 5: Even with the new UE capability introduced, practical UE implementation with limited number of FFT engines still need to handle the measurement on the CSI-RS signal with misaligned receive timing.


A more pragmatic way is to address this issue in the accuracy requirement (Option 1). RAN4 can investigate how large the degradation would be and discuss whether to specify multiple requirements for those CSI-RS with different receive timing difference to UE’s FFT timing. It is still FFS at this moment that how many accuracy requirements are needed for different timing differences (D), e.g., 
•	D < CP/2, 
•	CP/2 < D ≤ CP, 
•	CP ≤ D < 2*CP, 
•	D ≥ 2*CP. 
[bookmark: _Ref40049105]Proposal 1: RAN4 to address the issue of timing difference between the arrival of the CSI-RS and UE’s FFT timing in the performance part with different measurement accuracy requirements.
3 Summary
In this paper, we discuss the synchronization assumption for L3 CSI-RS. We have the following observations and proposals.
Observation 1: According to WID, UE is required to use single FFT window to measure all cells in one frequency layer.
Observation 2: The cell phase synchronization error is already larger than the CP length of SCS 30KHz, 60KHz and 120KHz, even without considering the difference due to propagation delay.
Observation 3: Inter-gNB distance and the cell phase synchronization requirement were determined in R15 and will not be further reduced due to the introduction of CSI-RS for L3 measurement.
Observation 4: The receive timing difference is only visible at UE side. Network has no knowledge about which measurement report is more reliable than the others
Observation 5: Even with the new UE capability introduced, practical UE implementation with limited number of FFT engines still need to handle the measurement on the CSI-RS signal with misaligned receive timing.
Proposal 1: RAN4 to address the issue of timing difference between the arrival of the CSI-RS and UE’s FFT timing in the performance part with different measurement accuracy requirements.
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