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1 Introduction
RLM requirements for NR was discussed in RAN4-NR-AH#3. WF [1] was agreed and the contents are copied below.
	· Following aspects are to be specified in 38.133 core part

· Hypothetical PDCCH transmission parameters

· It will be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions, after RAN1 finalizes the PDCCH design. 

· Parameters at least include DCI format, aggregation level, power boost. Other parameters are not precluded.

· BLER levels to derive Qin and Qout

· It will follow network configuration (the configured pair of IN/OOS BLER).

· One pair of BLER values is ([10%], [2%]) for (Qout and Qin), the other one is FFS.

· Evaluation period 
· It will be determined based on link level simulation.
· Periodicity of periodic IN/OOS indication
· It will be measurement interval for RLM monitoring.
· UE shall be able to monitor X RLM-RS resources at least for SSB based RLM.

· FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs 

· FFS if and how measurement gaps need to be considered for SSB based RLM.

· RAN4 may need to discuss aperiodic IN/OOS indication related to beam management after RAN1/RAN2 finalize the discussions.

· Companies are encouraged to provide simulation results in order to derive evaluation period  based on R4-1709896.
· Companies are encouraged to bring views on the other pair of IN/OOS BLER.


One open issue in RLM requirements is the L1 evaluation period, which is to be determined based on simulation results. In [2] the simulation assumption was agreed for SNR measurement accuracy.
In this paper, we provide our initial simulation results SNR measurement in RLM.
2 Discussion 
The agreed simulation assumptions [2] for SNR measurement are copied in Table 1 in Annex. Compared to [2] there are some limitations in our simulation.

· We only simulated SNR measurement based on NR-SSS, but not on DMRS, 

· We only simulated K=1, i.e. with single SSB per burst set

· Number of L1 samples used in the SNR measurement is 5

· We only simulated 2Rx 

· We only simulated AWGN/EPA5/ETU70/CDL-C for 4GHz and AWGN/CDL-C for 30GHz
The simulation results, in terms of absolute SNR measurement accuracy v.s. SNR condition are shown in Figure 1-4 for different SCSes. From the results, we observed 

· The SNR measurement accuracy in very low SNR (-14dB) is 4-5dB with 5 samples
· The SNR measurement accuracy in low SNR (-8dB) is <2dB with 5 samples
Considering the typical working point for OOS is in the range of -8dB without considering mMTC, and the margin used in LTE is 2-3dB, we think 5 samples should be enough for SNR measurement to achieve reasonable accuracy. On the other hand, the evaluation period should not be too short, as otherwise the fading in (especially slow) channel could cause unnecessary OOS or RLF. Therefore, we think baseline the evaluation time in NR should be 5 SSB samples.

Observation 1: The SNR measurement accuracy in very low SNR (-14dB) is 4-5dB with 5 samples.

Observation 2: The SNR measurement accuracy in low SNR (-8dB) is <2dB with 5 samples.

Proposal: The RLM evaluation time in NR is 5 SSB samples.

3 Conclusions 
In this paper, we provided our initial simulation results for SNR measurement in SSB based RLM.
Observation 1: The SNR measurement accuracy in very low SNR (-14dB) is 4-5dB with 5 samples.

Observation 2: The SNR measurement accuracy in low SNR (-8dB) is <2dB with 5 samples.

Proposal: The RLM evaluation time in NR is 5 SSB samples.
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5 Annex
Table 1: RLM simulation parameters for SS block based on RLM
	Parameters
	Value

	
	Sub-6GHz
	Above 6GHz

	Carrier frequency
	4GHz
	30GHz

	Subcarrier Spacing for SS block
	15KHz, 30KHz
	120KHz, 240KHz

	Bandwidth of SS block
	24 RBs

	Number of transmitted SS block within a SS burst set period (K)
	· Baseline: K=1

· Others are not precluded.

	RB utilization
	0%

	Reference signals
	· Baseline: NR-SSS
· Optional: NR-SSS + PBCH-DMRS

	Transmission period of SS block 
	· 20ms;

· Others are not precluded.

	Number of samples in L1 evaluation period
	· 5 samples, 10 samples, 20 samples;

· Others are not precluded.

	Transmit antennas
	1

	Receive antennas
	2, 4

	Propagation conditions
	AWGN, EPA5, ETU30 (sub-6GHz), ETU70 (sub-6GHz)

TDL-A/B/C/D (70Hz Doppler at 4GHz and 83Hz Doppler at 30GHz)

	CP type
	Normal CP

	SNR
	[-14, -13, …, 1, 0] dB
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Figure 1: SNR absolute accuracy with 15kHz SCS
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Figure 2: SNR absolute accuracy with 30kHz SCS
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Figure 3: SNR absolute accuracy with 120kHz SCS

[image: image4.emf]-14 -12 -10 -8 -6 -4 -2 0

0

1

2

3

4

5

6

SNR [dB]

SNR estimation absolute accuracy [dB]

NR SSS based SNR | SCS240kHz | NumberOfSamples=5 | SSburstPeriosicity=20ms

 

 

awgn

tdl-c-300ns


Figure 4: SNR absolute accuracy with 240kHz SCS

