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1	Introduction
RAN4#92 agreed with the way forward on RRM for NR high speed train scenario [1], which includes the agreement on RLM as follow:
	RLM
· [bookmark: _Hlk23952171][bookmark: _Hlk23952943]Option 1: Rel-15 RLM requirements can be reused for NR HST 
· Other options are not precluded



In this contribution we discuss the impact of RLM under high speed trains scenario.  
2	Discussion
Radio link monitoring (RLM) is a procedure where UE measures the channel quality based on SSB or CSI-RS. If the measured download channel quality is below the threshold Qout, UE triggers an out-of-synch indication to the higher layer. On the other hand, if the measured channel quality exceeds the threshold Qin during the out-of-synch, UE triggers an in-synch indication to the higher layer.
According to TS38.133 8.1.2/8.1.3, the threshold Qout is defined as the level at which the channel quality corresponds to BLERout (%) BLER of a hypothetical PDCCH. On the other hand, the threshold Qin is defined as the level at which the channel quality can be significantly more reliably received than at Qout and shall correspond to BLERin (%) BLER of a hypothetical PDCCH. The assumed PDCCH parameters are shown in Table 1. According to TS38.133 8.1.1, RLM configuration 0 assumes BLERout=10% and BLERin=2%, which is the same assumption as RLM used in LTE. 
[bookmark: _GoBack]When RAN4 introduces the RLM requirements, RAN4 usually performs PDCCH link level simulations based on the assumption parameters and verifies the threshold Qin (i.e., SNR corresponding to 2% of PDCCH BLER) is significantly high compared with Qout (i.e., SNR corresponding to 10% of PDCCH BLER). 
In order to investigate the RLM impact due to the high speed scenario, we performed the PDCCH link simulation with the parameters listed in Table 1. 
[bookmark: _Ref7036878]Table 1	Simulation parameters for DPCCH for RLM
	Parameters
	Values

	Frequency range
	FR1

	DCI format
	1-0

	Number of OFDM symbols
	2

	Aggregation level
	Qin: 4
Qout: 8

	Bandwidth (RB)
	24

	SCS
	15kHz, 30kHz for FR1

	DMRS precoder granularity
	REG bundle size, and bundle size = 6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed

	Antenna configuration
	1x2

	Propagation channel
	TDLA30, TDLC300

	Maximum Doppler frequency (Hz)
	1000, 1666



[bookmark: _Ref15377711]Table 2	SNR (dB) to achieve 2% (Qin) and 10% (Qout) of PDCCH BLER and the difference between Qin and Qout (PDCCH power boosting not applied). 
	Fading channel model
	SCS
	SNR corresponding to Qin
	SNR corresponding to Qout
	Diff between Qin and Qout

	TDLA30-1000
	15kHz
	-0.3
	-6.5
	6.2

	TDLA30-1666
	15kHz
	-0.4
	-6.4
	6.0

	TDLA30-1000
	30kHz
	-1.0
	-6.5
	5.5

	TDLA30-1666
	30kHz
	-1.0
	-6.5
	5.5

	TDLC300-1000
	15kHz
	-0.3
	-6.5
	6.2

	TDLC300-1666
	15kHz
	-0.4
	-6.4
	6.0

	TDLC300-1000
	30kHz
	-1.0
	-6.5
	5.5

	TDLC300-1666
	30kHz
	-1.0
	-6.5
	5.5



Table 2 summarizes our simulation results that show the required SNR to achieve 2% (Qin) and 10% (Qout) of PDCCH BLER. Note we don’t assume 4dB power boosting for Qout. From the simulation results, it is observed that the SNR separations between Qin and Qout are more than 5.5dB. If we consider 4dB power boosting assumption for Qout, the difference is close to 10dB. 
Observation: SNR difference between Qin and Qout is separated enough even with the maximum Doppler frequency of 1666Hz. 
We therefore support the option 1 for RLM in NR HST scenario.
Proposal: Rel-15 RLM requirements can be reused for NR HST.
3	Conclusion
Observation: SNR difference between Qin and Qout are separated enough even with the maximum Doppler frequency of 1666Hz. 
Proposal: Rel-15 RLM requirements can be reused for NR HST.
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