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Introduction
During RAN#96-e meeting, it was agreed to follow the single FFT assumption and the UE is assumed using the serving cell timing for CSI-RS based intra-frequency measurements in Rel16 as below [1]. As the timing of associatedSSB may be different from the serving cell timing, the measurement performance may be degraded due to the timing difference hence needs to be discussed. In addition, the measurement delay requirements were not concluded due to different views on the number of samples. In this paper we are discussing these performance related aspects.
           · Rel-16 CSI-RS based measurement requirements are based on Single FFT implementation
· UE supports using the serving cell timing for CSI-RS based L3 measurement for intra-frequency measurements in Rel-16
· Note: the measurement degradation can be expected for the case when timing difference is larger than CP and it can be discussed in the performance part

Discussion
In Rel16, it was agreed to define the CSI-RS based measurement requirement only if associatedSSB is configured and detected by the UE. According to 3GPP TS 38.214, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. It is understood the CSI-RS resource should have been measured properly using the timing of associatedSSB. However, with single FFT implementation, the serving cell timing is assumed for CSI-RS based intra-frequency measurement. The CSI-RS resources are then measured with a time shift from its real timing i.e. the timing of the associatedSSB. Similarly, for the CSI-RS based inter-frequency measurements, if single FFT is applied to the multiple cell measurements on the same layer, there may be timing difference between the timing of the single FFT and the timing of respective cells. The performance impact due to the timing difference needs to be studied.
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 


Observation#1: If associatedSSB is configured, the CSI-RS resources are measured with a time difference from its real timing i.e. the timing of the associatedSSB.
We have simulated the performance under different timing difference ranging from 0us to 5us. In practice, the timing difference comprises an up to 3us cell phase synchronization error; it may also be impacted due to propagation delay, timing advance etc. The results at different SCSs are shown in Table 2. It was seen that the performance at lower SCSs e.g. 15kHz and 30kHz was slightly degraded but still at an acceptable level, as 5us can be nearly fit into twice of CP length (as shown in Table 1). However, at higher SCS i.e. 60kHz and 120kHz, the CP length is very short i.e. 1.17us and 0.57us respectively. The 5us timing difference would span 4 to 10 times of CP length hence the measurement performance is degraded significantly and becomes insensible. The CSI-RS based measurement with large timing difference does not provide decent measurement results and may mislead the network decision. 
Table 1. Cyclic Prefix in case of different SCSs
	Parameter / Numerlogy (u)
	0
	1
	2
	3

	Subcarrier Spacing (Khz)
	15
	30
	60
	120

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
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Table 2. Performance under different timing difference for respective SCSs
Observation#2: The CSI-RS based measurement with big timing difference does not provide decent measurement results and may mislead the network decision.
With these observations, the measurement performance requirements shall be defined assuming the reasonable timing difference. The problem is the network has no information about the timing difference and is not aware if the measurement is reasonable or not. However, the UE has the timing of the CSI-RS resources to be measured as it needs to detect the associatedSSB before it can measure the corresponding CSI-RS. It could then derive the timing difference between the real timing of the CSI-RS resource and the applied single FFT timing e.g. the serving cell timing for intra-frequency measurement. Hence, the UE is able to decide whether to measure the CSI-RS resource to avoid insensible measurement under large timing difference. To simplify the Rel16 discussion, it is proposed the UE is not required to measure the CSI-RS resource if the timing difference exceeds a threshold at least in Rel16. Typically, the threshold can be set to one or twice of the CP lengths. 
Proposal1: In Rel16, the UE is not required to measure the CSI-RS resource if the timing difference exceeds a threshold. Typically, the threshold could be set to one or twice of the CP lengths. 
[bookmark: _GoBack]Another aspect of the performance is the number of samples assumed for determining the measurement delay requirement. The performance results for CSI-RS based measurement are provided in [2]. From the results, a better accuracy than SSB-based measurements can already be achieved when 3 samples are averaged under SNR = -6dB. Some companies argued for using 5 samples when defining the measurement delay requirements considering the performance degradation in case of higher SCSs or other channel models. However, we didn’t see the significant accuracy loss whatever the SCS is. As for the channel model, AWGN has been assumed when defining the measurement requirements which could be adopted for CSI-RS based measurement requirement as well. Therefore, 3 samples are sufficient to achieve comparable or better performance than SSB-based measurement. The CSI-RS based measurement delay requirement shall be defined based on 3 samples under -6dB SNR.
[image: ]
Table 3. Performance results for {D=3 & 48PRB} 
Proposal2: The CSI-RS based measurement delay requirements are defined based on 3 samples for {D=3 & 48PRB} given SNR = -6dB. 
Conclusion
This contribution discussed the impact due to the timing difference between the real timing of the CSI-RS resources to be measured and the timing used for CSI-RS measurements. The following are proposed when defining the measurement delay requirements:  
Observation#1: If associatedSSB is configured, the CSI-RS resources are measured with a time difference from its real timing i.e. the timing of the associatedSSB.
Observation#2: The CSI-RS based measurement with big timing difference does not provide decent measurement results and may mislead the network decision.
Proposal1: In Rel16, the UE is not required to measure the CSI-RS resource if the timing difference exceeds a threshold. Typically, the threshold could be set to one or twice of the CP lengths. 
Proposal2: The CSI-RS based measurement delay requirements are defined based on 3 samples for {D=3 & 48PRB} given SNR = -6dB. 
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Number of samples SNR 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc

1 -6 -1.25 0.79 2.28 2.28 -1.08 0.85 2.31 2.31 -1.07 0.8 2.3 2.3 -1.11 0.78 2.32 2.32

3 -6 -0.69 0.45 1.43 1.43 -0.59 0.48 1.49 1.49 -0.63 0.47 1.43 1.43 -0.57 0.45 1.44 1.44

5 -6 -0.52 0.34 1.15 1.15 -0.43 0.4 1.13 1.13 -0.49 0.37 1.13 1.13 -0.51 0.38 1.16 1.16

Number of samples SNR 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc

1 -6 -1.18 0.79 2.33 2.33 -1.16 0.82 2.28 2.28 -1.56 0.45 2.03 2.03 -2.86 -0.44 1.37 2.86

3 -6 -0.68 0.44 1.43 1.43 -0.59 0.48 1.49 1.49 -1.16 0.1 1.15 1.16 -2.43 -0.89 0.35 2.43

5 -6 -0.55 0.35 1.17 1.17 -0.44 0.38 1.2 1.2 -1.01 0 0.88 1.01 -2.3 -1.04 -0.01 2.3

Number of samples SNR 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc

1 -6 -1.17 0.78 2.32 2.32 -1.43 0.6 2.15 2.15 -1.97 0.24 1.76 1.97 -4.4 -1.42 0.69 4.4

3 -6 -0.66 0.44 1.47 1.47 -0.89 0.23 1.29 1.29 -1.55 -0.25 0.92 1.55 -4 -2.14 -0.59 4

5 -6 -0.53 0.36 1.16 1.16 -0.74 0.14 0.99 0.99 -1.55 -0.25 0.92 1.55 -3.8 -2.27 -0.97 3.8

Number of samples SNR 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc

1 -6 -1.18 0.77 2.26 2.26 -1.78 0.33 1.97 1.97 -3.7 -0.92 1.03 3.7 -6.61 -3.11 -0.86 6.61

3 -6 -0.71 0.43 1.44 1.44 -1.25 -0.04 1.06 1.25 -3.31 -1.45 -0.04 3.31 -7.81 -4.7 -2.45 7.81

5 -6 -0.55 0.33 1.15 1.15 -1.14 -0.14 0.74 1.14 -2.99 -1.59 -0.51 2.99 -8.39 -5.2 -3.18 8.39

Timing error = 0us

D=3, 48 PRBs, 15 kHz SCS D=3, 48 PRBs, 30 kHz SCS D=3, 48 PRBs, 60 kHz SCS D=3, 48 PRBs, 120 kHz SCS

D=3, 48 PRBs, 30 kHz SCS D=3, 48 PRBs, 60 kHz SCS D=3, 48 PRBs, 120 kHz SCS D=3, 48 PRBs, 15 kHz SCS

Timing error = 2us

Timing error = 3us

Timing error = 5us D=3, 48 PRBs, 15 kHz SCS D=3, 48 PRBs, 30 kHz SCS D=3, 48 PRBs, 60 kHz SCS D=3, 48 PRBs, 120 kHz SCS

D=3, 48 PRBs, 15 kHz SCS D=3, 48 PRBs, 30 kHz SCS D=3, 48 PRBs, 60 kHz SCS D=3, 48 PRBs, 120 kHz SCS
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Number of samples SNR 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc 5% 50% 95% abs acc

1 -6 -1.25 0.79 2.28 2.28 -1.08 0.85 2.31 2.31 -1.07 0.8 2.3 2.3 -1.11 0.78 2.32 2.32

3 -6 -0.69 0.45 1.43 1.43 -0.59 0.48 1.49 1.49 -0.63 0.47 1.43 1.43 -0.57 0.45 1.44 1.44

5 -6 -0.52 0.34 1.15 1.15 -0.43 0.4 1.13 1.13 -0.49 0.37 1.13 1.13 -0.51 0.38 1.16 1.16

D=3, 48 PRBs, 15 kHz SCS D=3, 48 PRBs, 30 kHz SCS D=3, 48 PRBs, 60 kHz SCS D=3, 48 PRBs, 120 kHz SCS

Timing error = 0


