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Introduction
RRM core requirements for CSI-RS L3 measurement have been concluded in RAN4#96-e. According to the work plan, RAN4 should start to define accuracy requirements and report mapping for CSI-RS measurement. 
In this paper we will provide our views on CSI-RSRQ accuracy and report mapping. 
Discussion
Side condition
In our companion paper, we discussed the side condition for CSI-RSRP accuracy requirements. As the RSRQ measurement performance is impacted by the same factors as RSRP, the proposed side condition for CSI-RSRP can be reused for CSI-RSRQ.
As the exact accuracy would come from link level simulations from companies, and most of the simulation results submitted by companies are without timing error, RAN4 needs to collect CSI-RSRQ simulation results with timing error.
Proposal 1: The side condition of CSI-RSRQ measurement accuracy is defined as 
· Es/Iot condition same as SSB L3 measurement
· BW of 48-RB and Density of D=3
· 5 measurement samples (it is captured as core requirements, and is used to derive the accuracy) 
· 3us timing error (other values can be discussed for FDD)
Proposal 2: RAN4 to collect simulation results with timing error from interested companies.
Accuracy
In Table 1, we provide our simulation results based on the side conditions in Proposal 1. For comparison, the simulation results with zero timing error are also shown.
Table 1: Simulation results for CSI-RSRQ
	SCS
	Channel
	Timing error = 0
	Timing error = 3us

	
	5%
	50%
	95%
	5%
	50%
	95%

	15kHz
	AWGN
	-0.71
	-0.04
	0.56
	-0.70
	0.03
	0.52

	
	EPA5
	-0.88
	-0.06
	0.59
	-0.78
	-0.03
	0.62

	
	ETU30
	-1.32
	-0.53
	0.12
	-1.35
	-0.52
	0.11

	
	ETU70
	-1.26
	-0.48
	0.19
	-1.27
	-0.51
	0.20

	
	TDL-A30 (3km/h)
	-0.74
	-0.04
	0.60
	-0.82
	-0.07
	0.55

	
	TDL-C30 (30km/h)
	-0.74
	-0.05
	0.57
	-0.67
	-0.03
	0.64

	30kHz
	AWGN
	-0.78
	-0.06
	0.58
	-0.94
	-0.29
	-0.30

	
	EPA5
	-0.79
	-0.02
	0.63
	-1.05
	-0.30
	0.39

	
	TDL-A30 (3km/h)
	-0.78
	-0.06
	0.60
	-1.11
	-0.28
	0.38

	
	TDL-C30 (30km/h)
	-0.81
	-0.07
	0.56
	-1.10
	-0.33
	0.37

	60kHz 
(FR1)
	AWGN
	-0.72
	-0.06
	0.53
	-1.96
	-1.15
	-0.44

	
	EPA5
	-0.74
	-0.05
	0.59
	-2.04
	-1.15
	-0.40

	
	TDL-A30 (3km/h)
	-0.79
	-0.05
	0.62
	-2.17
	-1.20
	-0.39

	
	TDL-C30 (30km/h)
	-0.69
	-0.04
	0.58
	-2.09
	-1.15
	-0.39

	60kHz 
(FR2)
	AWGN
	-0.68
	-0.04
	0.58
	-1.96
	-1.15
	-0.43

	
	TDL-A30 (3km/h)
	-0.78
	-0.04
	0.57
	-2.09
	-1.14
	-0.33

	
	TDL-C30 (30km/h)
	-0.78
	-0.06
	0.60
	-2.06
	-1.12
	-0.40

	120kHz
	AWGN
	-0.73
	-0.07
	0.49
	-1.49
	-3.17
	-2.05

	
	TDL-A30 (3km/h)
	-0.76
	-0.07
	0.57
	-4.67
	-3.19
	-2.01

	
	TDL-C30 (30km/h)
	-0.75
	-0.07
	0.59
	-4.65
	-3.16
	-1.99


The simulation results are very similar to those for CSI-RSRP in our companion paper [1]. This is aligned with the expectation since the inaccuracy is mainly introduced by the estimation error in the RSRP part. Particularly, the same trend can be observed where the performance is quite dependent on the SCS of CSI-RS due to timing error. Therefore, it is suggested to define CSI-RSRQ accuracy to be SCS specific.
Proposal 3: CSI-RSRQ accuracy requirements are defined to be SCS specific.
Report mapping
In 38.133, the reporting range of SS-RSRQ for L3 reporting is defined from -43 dB to +20 dB with 0.5 dB resolution. However, due to different RSSI measurement resources, it needs to be discussed if the reporting range for SS-RSRQ should be reused or not. The definition of CQI-RSRQ from 38.215 is copied below.
	CSI reference signal received quality (CSI-RSRQ) is defined as the ratio of N×CSI-RSRP to CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
CSI Received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing configured CSI-RS occasions.
For CSI-RSRQ determination CSI reference signals transmitted on antenna port 3000 according to TS 38.211 [4] shall be used. 



It can be seen that CSI-RSSI is only measured in OFDM symbols containing the CSI-RS RE. This means the maximum value is given by the scenario where CSI-RS is transmitted with D=1 and there is no other signal, interference or noise received by UE besides the CSI-RS. In this case the RSRQ is 0dB. For the minimum value, in our view the -43dB for SS-RSRQ is already quite low so it can be reused for CSI-RSRQ.
Proposal 4: The range of CSI-RSRQ report is from -43 dB to 0 dB with 0.5 dB resolution.
Conclusions
In this paper we provided our views on CSI-RSRQ accuracy and report mapping.
Proposal 1: The side condition of CSI-RSRQ measurement accuracy is defined as 
· Es/Iot condition same as SSB L3 measurement
· BW of 48-RB and Density of D=3
· 5 measurement samples (it is captured as core requirements, and is used to derive the accuracy) 
· 3us timing error (other values can be discussed for FDD)
Proposal 2: RAN4 to collect simulation results with timing error from interested companies.
Proposal 3: CSI-RSRQ accuracy requirements are defined to be SCS specific.
Proposal 4: The range of CSI-RSRQ report is from -43 dB to 0 dB with 0.5 dB resolution.
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