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1. Introduction
At the last RAN4 meeting, simulation assumptions for NR radio link monitoring (RLM) was agreed [1]. In this contribution, we show initial evaluation results regarding RLM performance based on agreed link level simulation assumptions.
2. Evaluation assumptions
[bookmark: _GoBack]Simulation assumptions are shown in Table 1. We select some specific parameters for initial evaluation as highlighted by red. The performance metric for RLM evaluation is Delta SINR as described below [1], and the estimation algorithm of SINR, which corresponds to SNR in the agreed assumption, is based on the algorithm for RSRP measurement as explained in [2] with very simple noise estimation based on (average received power on RLM-RS symbol(s) – estimated RLM-RS power).

Delta SINR = (estimated SINR – ideal SINR) 	[dB]

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



3. Evaluation results
Evaluation results regarding RLM are shown in this section. We evaluate SINR estimation error in two different methods: one is only based on NR-SSS and the other is based on both NR-SSS and PBCH-DMRS. Figure 1 to Figure 8 show SNR estimation error CDF curves with respect to number of measurement samples with different SCSs. In this contribution we present initial evaluation in case of SNR = -14dB and SNR = 0dB. In these figures, green line, blue line, and red line correspond to 5, 10, 20 samples measurement results, respectively. The 5%-ile and 95%-ile CDF values calculated from the CDF curves are summarized in Table 2.
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Figure 1: SNR estimation error CDF curves (NR-SSS, SCS = 15 kHz), left: SNR = -14dB, right: SNR = 0dB
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Figure 2: SNR estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS = 15 kHz),
left: SNR = -14dB, right: SNR = 0dB
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Figure 3: SNR estimation error CDF curves (NR-SSS, SCS = 30 kHz), left: SNR = -14dB, right: SNR = 0dB
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Figure 4: SNR estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS = 30 kHz),
left: SNR = -14dB, right: SNR = 0dB
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Figure 5: SNR estimation error CDF curves (NR-SSS, SCS = 120 kHz), left: SNR = -14dB, right: SNR = 0dB
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Figure 6: SNR estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS = 120 kHz),
left: SNR = -14dB, right: SNR = 0dB
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Figure 7: SNR estimation error CDF curves (NR-SSS, SCS = 240 kHz), left: SNR = -14dB, right: SNR = 0dB

[image: ][image: ]
Figure 8: SNR estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS = 240 kHz),
left: SNR = -14dB, right: SNR = 0dB

Table 2: 5%-ile and 95%-ile CDF values of SNR error for the case of SCS = 15 kHz
	SNR Error (dB)
	5% CDF (SNR = -14dB/0dB)
	95% CDF (SNR = -14dB/0dB)

	SCS = 15 kHz,
NR-SSS only
	5 samples
	-3.88dB/-0.52dB
	4.41dB/0.49dB

	
	10 samples
	-3.25dB/-0.36dB
	2.89dB/0.35dB

	
	20 samples
	-2.55dB/-0.23dB
	2.00dB/0.24dB

	SCS = 15 kHz,
NR-SSS and PBCH-DMRS
	5 samples
	-1.88dB/-0.35dB
	3.83dB/0.34dB

	
	10 samples
	-1.75dB/-0.22dB
	2.27dB/0.23dB

	
	20 samples
	-1.52dB/-0.16dB
	1.43dB/0.16dB

	SCS = 30 kHz,
NR-SSS only
	5 samples
	-3.77dB/-0.53dB
	4.54dB/0.52dB

	
	10 samples
	-3.44dB/-0.35dB
	2.92dB/0.35dB

	
	20 samples
	-2.51dB/-0.24dB
	2.09dB/0.23dB

	SCS = 30 kHz,
NR-SSS and PBCH-DMRS
	5 samples
	-1.90dB/-0.36dB
	3.95dB/0.36dB

	
	10 samples
	-1.86dB/-0.23dB
	2.41dB/0.23dB

	
	20 samples
	-1.47dB/-0.16dB
	1.51dB/0.15dB

	SCS = 120 kHz,
NR-SSS only
	5 samples
	-4.53B/-1.71dB
	3.43dB/1.22dB

	
	10 samples
	-3.69dB/-1.33dB
	2.62dB/1.02dB

	
	20 samples
	-2.63dB/-0.96dB
	1.91dB/0.79dB

	SCS = 120 kHz,
NR-SSS and PBCH-DMRS
	5 samples
	-2.21dB/-0.96dB
	2.67dB/0.44dB

	
	10 samples
	-2.15dB/-0.80dB
	1.80dB/0.31dB

	
	20 samples
	-1.62dB/-0.65dB
	1.24dB/0.20dB

	SCS = 240 kHz,
NR-SSS only
	5 samples
	-4.19dB/-1.71dB
	3.46dB/1.16dB

	
	10 samples
	-3.73dB/-1.34dB
	2.53dB/0.89dB

	
	20 samples
	-2.69dB/-1.05dB
	1.86dB/0.66dB

	SCS = 240 kHz,
NR-SSS and PBCH-DMRS
	5 samples
	-2.54dB/-0.83dB
	2.56dB/0.35dB

	
	10 samples
	-2.27dB/-0.68dB
	1.68dB/0.20dB

	
	20 samples
	-1.87dB/-0.57dB
	1.08dB/0.11dB



4. Discussion
Based on evaluation results in the previous section, SNR error values of 5%-ile and 95%-ile CDF curves in case of NR-SSS only estimation at SNR = -14 dB are within a range of +/- 4.6 dB with 5 samples, +/- 3.7 dB with 10 samples and +/- 2.7 dB with 20 samples, respectively. If +/- 4.5 dB is assumed as for LTE RSRP measurement requirements, at least 10 samples would be required in such case e.g., for OOS measurement period. On the other hand, in case of SSS-only estimation at SNR = 0 dB, 5 samples would be clearly sufficient at least for error range of +/- 4.5 dB, e.g., for IS measurement period. Therefore, as in LTE RLM requirements, IS measurement period can be much shorter than OOS measurement period.
Observation 1: IS measurement period can be much shorter than OOS measurement period as in LTE RLM requirements.
In addition, based on evaluation results on the case with using both NR-SSS and PBCH-DMRS, we could observe that SNR estimation accuracy is significantly improved compared with NR-SSS only case. For RRM measurement especially on neighbor cells, utilizing PBCH-DMRS may be a bit complex since UE needs to identify PBCH-DMRS sequence pattern for RSRP measurement. However, in case of RLM, UE already synchronizes with the serving cell and PBCH-DMRS sequence pattern can be implicitly derived from the frame/slot/symbol timing. Therefore, since there is no complexity issue on utilizing PBCH-DMRS for RLM, SNR estimation error performance in case of utilizing both NR-SSS and PBCH-DMRS should be considered to derive RLM requirements rather than the performance in case of utilizing only NR-SSS.
Observation 2: Utilizing PBCH-DMRS in addition to NR-SSS for RLM can improve the SINR estimation accuracy and would not cause complexity issue.
Proposal 1: In order to derive RLM requirements for RLM based on SS/PBCH block, it should be assumed that both NR-SSS and PBCH-DMRS are used for RLM.
Based on such assumption, 5 samples for IS measurement and 10 samples for OOS measurement would be able to provide sufficient SINR estimation accuracy as shown in our simulation results.
Proposal 2: 5 SS/PBCH block samples as IS measurement period and 10 SS/PBCH block samples as OOS measurement period can be considered as starting point for the discussion on RLM requirements.


5. Conclusion
In this contribution, we showed initial evaluation results regarding RLM performance based on agreed link level simulation assumptions. Based on the discussion on the evaluation results, we made following observations and proposals.
Observation 1: IS measurement period can be much shorter than OOS measurement period as in LTE RLM requirements.
Observation 2: Utilizing PBCH-DMRS in addition to NR-SSS for RLM can improve the SINR estimation accuracy and would not cause complexity issue.
Proposal 1: In order to derive RLM requirements for RLM based on SS/PBCH block, it should be assumed that both NR-SSS and PBCH-DMRS are used for RLM.
Proposal 2: 5 SS/PBCH block samples as IS measurement period and 10 SS/PBCH block samples as OOS measurement period can be considered as starting point for the discussion on RLM requirements.
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