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Introduction
Since the Rel-16 work item of the CSI-RS based L3 measurement moves to the stage of defining performance requirements, and the measurement procedure shall be similar to that of SSB based measurements, we choose to focus on the discussion on the measurement accuracy requirements of RSRP. 
In the previous meeting of RAN4 96-e, RAN4 reached the agreement that UE stick to the serving cell timing for the intra-frequency CSI-RS L3 measurements [1]. Hence it is expected that degradation in the measurement accuracy is inevitable when a neighbor cell timing differs from the serving cell timing. 
We provide the simulation results for CSI-RS based RSRP subject to certain cell timing difference and reveal the implications on specifying the performance test cases in this paper.
Simulation results
Simulation assumptions
Simulation assumptions are summarized in the following table.
Table 1: Simulation assumptions and CSI-RS resource configuration
	CSI-RS bandwidth
	 48PRB

	CSI-RS SCS
	15, 30, 120 kHz

	CSI-RS periodicity
	20ms

	Density
	3

	SNR
	0/-3/-6 dB

	Channel
	AWGN, ETU(FR1), TDL-C(FR2)

	Timing error
	0us and 3us


Results
In this section, the following tables summarize the accuracy subject to the timing error when UE employs the serving cell timing to measure the neighbor cells’ CSI-RS resources. 
We firstly made the observation on existing SSB based measurement test cases in A.4.7.1.1.2-2/ A.5.7.1.1.2-2/ A.6.7.1.1.2-2/ A.7.7.1.1.2-2[2] that in the RAN4 intra-frequency measurement accuracy tests, it is assumed 3us time offset between PSCELL/PCELL and the target CELL for TDD duplex mode. Thus it is of relevance to project how much degradation in the accuracy would be expected for the sake of defining RAN4 test case for CSI-RS L3 under similar condition.
Observation1: existing RAN4 intra-frequency measurement accuracy tests for TDD mode assume 3us between serving cell and neighbor cell.
Furthermore, since RAN4 has already agreed on the configuration for specifying the performance requirement to be {D=3 and 48PRBs}, which is the same as what’s employed for defining the L1-RSRP performance requirements in 38.133 “10.1.19.2  CSI-RS based L1-RSRP accuracy requirements” and “10.1.20.2  CSI-RS based L1-RSRP accuracy requirements”[2]. It is reasonable to adopt the same performance requirements for CSI-RS based L3 measurements when there are no cell timing errors. Namely, FR1 baseline accuracy without timing error is +/-5dB v.s. FR2 +/-6.5dB under normal condition.
Proposal1: without cell timing errors, same performance requirements for CSI-RS based L1-RSRP can be reused for CSI-RS based L3 measurements. 
Now, by comparing table 2 and table3 both under AWGN channel, it is observed FR1 is not sensitive at the 3us cell timing error due to longer CP length. Extra degradation in the abs accuracy at 90% is not obvious. For FR2, however, ~3.0dB further degradation in the accuracy even with multiple sample averaging for SNR above -6dB.
Observation2: the degradation in the measurement accuracy at 3us timing offset is not obvious for FR1 and ~3.0dB for FR2 in AWGN channel.
Under the fading condition, by cross-checking table4 and table5, both of which are subject to 3us timing offset, it is seen FR1 has ~1.0dB extra loss in accuracy while FR2 degrades by ~3.0dB. 
Given above observations, it is safe to relax the baseline accuracy requirements in proposal 1 by 1.0dB for FR1 and 3.0dB for FR2 when defining the test case for CSI-RS L3 based intra-frequency measurement assume 3us timing offset.
Proposal2: It is recommended to further relax the requirement on intra-frequency CSI-RS L3 measurement accuracy by ~1.0dB for FR1 and ~3.0dB for FR2 when specifying the RAN4 performance test requirements for CSI-RSRP.
It shall also be noted that the cell timing offset for FDD duplex mode can be large and in the existing RAN4 tests, 3ms is assumed. In our view, it is unrealistic for Rel-16 UE to handle the measurement with decent accuracy due to the large cell timing error. Thus RAN4 intra-frequency measurement test cases shall not be introduced for FDD.
Proposal2.1: RAN4 test configurations shall exclude FDD duplex mode due to large cell timing offset between serving and target cells at least for intra-frequency measurement test cases.
Table 2: RSRP accuracy, AWGN, without timing error
	
	
	
	AbsAcc[dB] (90%), 48PRBs, AWGN

	SCS
	SNR[dB]
	Timing error[us]
	1-sample
	3-sample avg
	5-sample avg

	15Khz
	-6
	0
	1.76
	1.29
	1.09

	15Khz
	-3
	0
	1.21
	0.86
	0.72

	15 Khz
	0
	0
	0.79
	0.54
	0.42

	30 Khz
	-6
	0
	1.73
	1.28
	1.17

	30 Khz
	-3
	0
	1.18
	0.83
	0.74

	30 Khz
	0
	0
	0.76
	0.51
	0.43

	120 Khz
	-6
	0
	1.75
	1.24
	1.1

	120 Khz
	-3
	0
	1.19
	0.82
	0.71

	120 Khz
	0
	0
	0.77
	0.51
	0.42



Table 3: RSRP accuracy, AWGN, with 3us timing error
	
	
	
	AbsAcc[dB] (90%), 48PRBs, AWGN

	SCS
	SNR[dB]
	Timing error[us]
	1-sample
	3-sample avg
	5-sample avg

	15Khz
	-6
	3
	1.47
	0.83
	0.64

	15Khz
	-3
	3
	1.19
	0.74
	0.66

	15 Khz
	0
	3
	1.00
	0.7
	0.64

	30 Khz
	-6
	3
	1.62
	1.00
	0.83

	30 Khz
	-3
	3
	1.34
	0.93
	0.80

	30 Khz
	0
	3
	1.17
	0.89
	0.80

	120 Khz
	-6
	3
	4.87
	3.83
	3.51

	120 Khz
	-3
	3
	4.55
	3.79
	3.59

	120 Khz
	0
	3
	4.33
	3.75
	3.59



Table 4: RSRP accuracy, fading, without timing error
	
	
	
	AbsAcc[dB] (90%), 48PRBs, FR1:ETU; FR2 TDL-C

	SCS
	SNR[dB]
	Timing error[us]
	1-sample
	3-sample avg

	15Khz
	-6
	0
	4.63
	2.95

	15Khz
	-3
	0
	4.86
	3.09

	15 Khz
	0
	0
	4.92
	3.18

	30 Khz
	-6
	0
	5.3
	3.77

	30 Khz
	-3
	0
	5.66
	4.19

	30 Khz
	0
	0
	5.84
	4.44

	120 Khz
	-6
	0
	4.43
	5.16

	120 Khz
	-3
	0
	4.84
	5.35

	120 Khz
	0
	0
	5.19
	4.94



Table5: RSRP accuracy, fading, with 3us timing error
	
	
	
	AbsAcc[dB] (90%), 48PRBs, FR1:ETU; FR2 TDL-C

	SCS
	SNR[dB]
	Timing error[us]
	1-sample
	3-sample avg

	15Khz
	-6
	0
	5.6
	3.69

	15Khz
	-3
	0
	5.5
	3.86

	15 Khz
	0
	0
	5.46
	3.81

	30 Khz
	-6
	0
	6.12
	4.61

	30 Khz
	-3
	0
	6.38
	4.85

	30 Khz
	0
	0
	6.47
	4.84

	120 Khz
	-6
	0
	7.06
	8.15

	120 Khz
	-3
	0
	7.6
	7.73

	120 Khz
	0
	0
	7.88
	7.22



Conclusions
We have following observations and proposals based on the shared simulation results.
Observation1: existing RAN4 intra-frequency measurement accuracy tests for TDD mode assume 3us between serving cell and neighbor cell.
Observation2: the degradation in the measurement accuracy at 3us timing offset is not obvious for FR1 and ~3.0dB for FR2 in AWGN channel.
Proposal1: without cell timing errors, same performance requirements for CSI-RS based L1-RSRP can be reused for CSI-RS based L3 measurements. 
Proposal2: It is recommended to further relax the requirement on intra-frequency CSI-RS L3 measurement accuracy by ~1.0dB for FR1 and ~3.0dB for FR2 when specifying the RAN4 performance test requirements for CSI-RSRP.
Proposal2.1: RAN4 test configurations shall exclude FDD duplex mode due to large cell timing offset between serving and target cells at least for intra-frequency measurement test cases.
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