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1 Introduction
Simulation assumptions for CSI-RS based RLM were agreed in [1]. In this contribution, we present our first simulation results and observations. 

2 Discussion
NR UE performs RLM for PCell or PSCell based on network-configured RLM-RS resources which can be SSB or CSI-RS. RAN1 has specified many CSI-RS configuration options which may serve different purposes. It is important to understand which CSI-RS configurations are suitable for RLM. With this motivation, we present our first link-level simulation results based on a subset of the simulation assumptions agreed in [1], as indicated in the tables below.
Table 1: General parameters
	Simulation parameters
	Comments/values

	Carrier frequency
	4 GHz; 30 GHz

	DRX
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	Case A: 2 rx (uncorrelated with equal gain, no rx beamforming);

	Number of samples
	3, 5, 10, 20

	Slot length
	14 symbols

	CP Length
	Normal

	Propagation conditions
	For 4 GHz: AWGN, EPA5, ETU30 (for 15 kHz SCS), ETU70 (for 15 kHz SCS);

For 30 GHz: AWGN

	SINR
	[-14, -13, ..., 1, 0] dB


Table 2: CSI-RS configuration parameters

	Parameter
	4 GHz
	30 GHz

	CSI-RS bandwidth
	24 PRBs, 96 PRBs;
	24 PRBs, 96 PRBs;

	CSI-RS SCS
	15 kHz, 30 kHz, 60 kHz
	60 kHz; 120 kHz

	Periodicity
	40 ms
	40 ms

	CSI-RS configuration:

<X,D,N,(Y,Z),CDM>, where:

X=number of CSI-RS ports,

D=density [RE/RB/port],

N=number of OFDM symbols in the same slot,

Y=adjacent in frequency REs in PRB,

Z=adjacent in time REs in PRB
	<1,1,1,N/A,noCDM>
<1,3,1,N/A,noCDM>
	<1,1,1,N/A,noCDM>
<1,3,1,N/A,noCDM>


2.1 Simulation results for AWGN

· Observation 1: The impact of numerology with AWGN channel is negligible.
· Observation 2: 3 and 5 samples are not sufficient to achieve a reasonable accuracy, at least for out-of-sync.
· Observation 3: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
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Figure 1. FR1, AWGN, 15 kHz.
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Figure 2. FR1, AWGN, 30 kHz.
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Figure 3. FR1 and FR2, AWGN, 60 kHz.
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Figure 4. FR2, AWGN, 120 kHz.
2.2 Simulation results for EPA
· Observation 4: The impact of numerology with EPA is up to 1 dB when comparing 15 kHz and 60 kHz.

· Observation 5: 3 and 5 samples are not sufficient to achieve a reasonable accuracy, at least for out-of-sync.

· Observation 6: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
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Figure 5. FR1, EPA, 15 kHz.
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Figure 6. FR1, EPA, 60 kHz.
2.3 Simulation results for ETU

· Observation 7: 3, 5, and 10 samples are not sufficient to achieve a reasonable accuracy for out-of-sync.

· Observation 8: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
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Figure 7. FR1, ETU, 15 kHz.
3 Summary
The following have been observed from the presented simulation results:

For AWGN:
· Observation 1: The impact of numerology with AWGN channel is negligible.

· Observation 2: 3 and 5 samples are not sufficient to achieve a reasonable accuracy, at least for out-of-sync.
· Observation 3: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
For EPA:
· Observation 4: The impact of numerology with EPA is up to 1 dB when comparing 15 kHz and 60 kHz.

· Observation 5: 3 and 5 samples are not sufficient to achieve a reasonable accuracy, at least for out-of-sync.
· Observation 6: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
For ETU:

· Observation 7: 3, 5, and 10 samples are not sufficient to achieve a reasonable accuracy for out-of-sync.
· Observation 8: At least one of a larger bandwidth (96 RBs vs. 24 RBs) and a higher CSI-RS density (D=3 vs D=1) is needed to achieve any reasonable accuracy.
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