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1	Introduction
RAN4#93 agreed with the way forward on RRM for NR high speed train scenario [1], which also includes the agreement on beam management as follow:
	Beam management
· CBD based on SSB/CSI-RS
· FFS on whether Rel-15 CBD requirements based on SSB/CSI-RS can be reused for NR HST
· BFD based on SSB/CSI-RS
· Rel-15 BFD requirements based on SSB/CSI-RS can be reused for NR HST
· FFS whether 1.5x relaxation factor shall be used
· L1-RSRP based SSB
· FFS on whether Rel-15 requirements (measurement delay, measurement accuracy) can be reused for NR HST
· L1-RSRP based on CSI-RS
· FFS on whether Rel-15 requirements (measurement delay, measurement accuracy) can be reused for NR HST



2	Beam failure detection
In Rel-15, the evaluation period of the beam failure detection is specified based on the evaluation period of RLM in-synch. According to WF [1], RAN4 agreed to apply Rel-15 BFD requirements to the HST scenario, but the remaining issue is whether to keep the relaxation factor of 1.5 in the case of DRX<=320ms. 
Table 8.5.2.2-1: Evaluation period TEvaluate_BFD_SSB for FR1
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, [MBFD  P]  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, [1.5 × MBFD  P]  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	[MBFD  P]  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



As we proposed in [2], we prefer to remove the relaxation factor considering the UE velocity of 500km/h. 
Proposal 1: 1.5x relaxation factor for DRX <= 320ms is not kept for BFD L1 evaluation period in HST.
3	L1-RSRP measurements
If we consider 500km/h at the carrier frequency of 3.6GHz, the maximum Doppler frequency becomes 1,666Hz. We studied the L1-RSRP measurement accuracy based on the parameters used to set the L1-RSRP measurement and accuracy requirements in Rel-15 [3].
3.1	SSB based L1-RSRP measurements
Table 1 shows the simulation parameters for SSB based L1-RSRP measurements in HST scenario. We also investigated 1, 3, and 5 SSB samples for HST condition. Note in Rel-15, L1-RSRP measurement requirements are defined based on 1 SSB sample [3].
[bookmark: _Ref19790117]Table 1	Simulation parameters for SSB based L1-RSRP measurements in HST scenario.
	Parameters
	Values

	SCS
	15kHz, 30kHz

	Side condition (SNR)
	-3dB

	Number of samples (M)
	1 (Baseline), 3, 5

	Propagation condition
	TDLA30, TDLC300

	Maximum Doppler frequency
	1000Hz (=300km/h at 3.6GHz), 1666Hz (=300km/h at 3.6GHz)



[bookmark: _Ref19790674]Table 2	SSB based L1-RSRP estimation simulation results.
	SCS
	Samples
	AWGN [4]
	TDLA30-1000
	TDLA30-1666
	TDLC300-1000
	TDLC300-1666

	15kHz
 
 
	1
	1.2 (Rel-15)
	1.39
	1.53
	1.44
	1.48

	
	3
	 
	0.71
	0.71
	0.79
	0.78

	
	5
	 
	0.54
	0.54
	0.55
	0.54

	30kHz
 
 
	1
	0.8 (Rel-15) 
	0.88
	0.9
	0.97
	0.99

	
	3
	 
	0.46
	0.49
	0.58
	0.58

	
	5
	 
	0.36
	0.4
	0.42
	0.43



Table 2 shows our simulation result of the SSB based L1-RSRP estimation. We put the maximum of absolute value of 5%-ile error and 95%-ile error values as the same metric as [4]. For reference we put our results in the static condition, which is used to specify the L1-RSRP measurement accuracy requirements in Rel-15. 
If we compare the fading channel case (Doppler=1000Hz or 1666Hz) with AWGN case, it is not observed the accuracy degradation due to the fading channel and/or higher Doppler frequency. With this observation we propose to reuse the Rel-15 SSB based L1-RSRP measurement/accuracy requirements for NR HST. 
Observation 1: SSB based L1-RSRP measurement accuracy is not impacted with the Rel-16 NR high speed train scenario. 
Proposal 2: Rel-15 SSB based L1-RSRP measurement/accuracy requirements can be reused for Rel-16 NR HST.
According to TS38.133, Rel-15 SSB based L1-RSRP measurement period apples the relaxation factor of 1.5 for the case of DRX cycle <= 320ms. As we discussed in RLM and BFD, we prefer to remove the relaxation factor considering the UE velocity.  
Table 3	SSB based L1-RSRP measurement period in Rel-15 NR.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



Proposal 3: 1.5x relaxation factor for DRX cycle <= 320ms is not kept for L1-RSRP measurement period in HST.

3.2	CSI-RS based L1-RSRP measurements
Table 4 shows the simulation parameters for CSI-RS based L1-RSRP measurements in HST scenario. Like SSB-based L1-RSRP, we investigated 1, 3, and 5 CSI-RS samples and larger BW for HST scenario. Note Rel-15 assumed 1 CSI-RS sample with 48PRBs [3].
[bookmark: _Ref19790127]Table 4	Simulation parameters for CSI-RS based L1-RSRP measurements in HST scenario.
	Parameters
	Values

	SCS
	15kHz, 30kHz

	Side condition (SNR)
	-3dB

	Density (D)
	3

	Number of samples (M)
	1 (Baseline), 3, 5

	Number of PRBs
	48 (Baseline), 96

	Propagation condition
	TDLA30, TDLC300

	Maximum Doppler frequency
	1000Hz, 1666Hz




[bookmark: _Ref21093297]Table 5	CSI-RS based L1-RSRP estimation simulation results.
	SCS
	Samples
	PRB
	AWGN [4]
	TDLA30-1000
	TDLA30-1666
	TDLC300-1000
	TDLC300-1666

	15kHz
	1
	48
	0.77 (Rel15)
	1.78
	1.77
	1.77
	1.67

	
	
	96
	
	0.98
	0.97
	0.91
	0.87

	
	3
	48
	
	0.83
	0.83
	0.9
	0.93

	
	
	96
	
	0.48
	0.52
	0.48
	0.5

	
	5
	48
	
	0.62
	0.64
	0.79
	0.73

	
	
	96
	
	0.41
	0.37
	0.37
	0.38

	30kHz
	1
	48
	0.55 (Rel15)
	1.01
	1.16
	1.18
	1.26

	
	
	96
	
	0.59
	0.65
	0.59
	0.62

	
	3
	48
	
	0.54
	0.57
	0.66
	0.7

	
	
	96
	
	0.34
	0.35
	0.35
	0.38

	
	5
	48
	
	0.42
	0.46
	0.52
	0.54

	
	
	96
	
	0.29
	0.3
	0.27
	0.27



Table 5 shows our simulation results of the CSI-RS based L1-RSRP estimation. We set the same metric as SSB based L1-RSRP. Unlike SSB-based L1-RSRP results, it is observed the measurement accuracy degradation due to fading and/or higher Doppler frequency, i.e., from 0.77dB to 1.67-1.77dB in the case of SCS=15kHz. 
Observation 2: CSI-RS based L1-RSRP accuracy is degraded significantly due to the Rel-16 NR high speed train scenario. 
It is also observed that the increase of CSI-RS samples in time domain and/or frequency domain can maintain the same accuracy as the static condition. However, more CSI-RS samples in time domain is not good solution because it increases the overhead and reduces the network capacity. We also don’t want to assume wider bandwidth for CSI-RS also because it restricts the network deployment.
Table 6 shows Rel-15 CSI-RS based L1-RSRP measurement period. As we discussed so far, the relaxation factor of 1.5 is applied for DRX cycle <= 320ms. Considering the very high UE speed, we prefer to remove this factor as well as SSB based L1-RSRP measurement period requirements. 
Proposal 4: Rel-15 CSI based L1-RSRP measurement requirements can be reused for Rel-16 NR HST, but 1.5x relaxation factor for DRX cycle <= 320ms is not kept for L1-RSRP measurement period.
Proposal 5: RAN4 investigate the impact of CSI-RS based L1-RSRP measurement accuracy performance, if necessary, for Rel-16 HST scenario. 

[bookmark: _Ref32323138]Table 6	CSI-RS based L1-RSRP measurement period in Rel-15.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.




4	Candidate beam detection
Candidate beam detection (CBD) is the procedure UE detects new beam(s) whose L1-RSRP exceeds the signalled threshold. Table 7 and Table 8 show the evaluation periods for FR1 SSB based CBD and FR1 CSI-RS based CBD, respectively, specified in Rel-15 TS38.133. As it is observed, the L1-RSRP measurements for CBD is based on 3 samples for both SSB and CSI-RS. According to our simulation results in Table 2 and Table 5, it is not observed that the accuracy degradation due to higher Doppler shift in the case of 3 samples. Therefore we propose Rel-15 Candidate beam detection requirements can be reused for Rel-16 NR HST.
[bookmark: _Ref23954346]Table 7	Evaluation period for FR1 SSB based CBD in Rel-15.
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Ceil(3  P)  TSSB

	DRX cycle > 320ms
	Ceil(3  P)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



[bookmark: _Ref23954347]Table 8	Evaluation period for FR1 CSI-RS based CBD in Rel-15.
	Configuration
	TEvaluateC_CBD_CSI-RS (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, Ceil(MCBD  P)  TCSI-RS)

	DRX cycle > 320ms
	Ceil(MCBD  P)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



MCBD = 3, if the CSI-RS resource configured in the set [image: ] is transmitted with Density = 3.
Proposal 6: Rel-15 Candidate beam detection requirements can be reused for Rel-16 NR HST.
5	Summary
Proposal 1: 1.5x relaxation factor for DRX <= 320ms is not kept for BFD L1 evaluation period in HST.
Observation 1: SSB based L1-RSRP measurement accuracy is not impacted with the Rel-16 NR high speed train scenario. 
Proposal 2: Rel-15 SSB based L1-RSRP measurement/accuracy requirements can be reused for Rel-16 NR HST.
Proposal 3: 1.5x relaxation factor for DRX cycle <= 320ms is not kept for L1-RSRP measurement period in HST.
Observation 2: CSI-RS based L1-RSRP accuracy is degraded significantly due to the Rel-16 NR high speed train scenario. 
Proposal 4: Rel-15 CSI based L1-RSRP measurement requirements can be reused for Rel-16 NR HST, but 1.5x relaxation factor for DRX cycle <= 320ms is not kept for L1-RSRP measurement period.
Proposal 5: RAN4 investigate the impact of CSI-RS based L1-RSRP measurement accuracy performance, if necessary, for Rel-16 HST scenario. 
Proposal 6: Rel-15 Candidate beam detection requirements can be reused for Rel-16 NR HST.
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