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1   Background
FR2 HST is R17 new work item, our view on evaluation of deployment scenario feasibility is presented below.
2   Discussion
2.1   Beam dwelling time
FR1 HST enhancement was discussed in release 16, ISD (between RRHs) is assumed to be 700m for FR1. Since FR2 suffers from larger path loss, we expect to have the same or shorter ISD for FR2 HST deployment. Here we consider 580m, one of the deployment options discussed in RAN1.
	Number of bams
	6
	12
	24
	36
	64

	Per-beam coverage [m]
	96.7
	48.3
	24.2
	16.1
	9.1

	Beam dwelling time [ms] (in 350km/h)
	1039.78
	519.35
	260.22
	173.12
	97.85


When beam dwelling time is too short, UE doesn’t have enough time to sweep its Rx beam and decide which one to receive signals from gNB. Before Rx sweeping is finished, UE can possibly enter the coverage of the next gNB beam. In the following sections, we analysis Rx sweeping time to determine if the beam dwelling time is enough for different procedures

2.2   Measurement requirement

Since FR2 HST is mainly focus on CPE like devices mounted on the train rooftop, we assume no-DRx operation. Consider SMTC period = 20ms. 
We start with L3 neigbhoring cell measurement. 

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Mpss/sss_sync_w/o_gaps = 24 (assume power class 2 or 3), and no sharing (Klayer1_measurement, CSSFintra = 1), the cell identification time is
Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra)= 20ms* 24 + 20ms*24 = 960ms
Only in 6 beam case, beam dwelling time is enough to cover cell detection time. For more number of beams, UE left the coverage of current beam before it identifies the neighboring cell.

For L1 RSRP measurement, we analyze SSB measurement in the following:
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

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

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

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*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.


Assume timeRestrictionForChannelMeasurement is configured, and P = 1 (no gap overlapping, period align with SMTC and no sharing), the SSB measurement period is 20ms*8 = 160ms. Assume that each time UE moves from one Tx beam to the next, this SSB measurement reporting procedure has to be performed as part of beam management procedure on Rx side. Then we have:
· Overlapping between two adjacent Tx beams should be large enough to cover the measurement report period: 160ms*97.2m/s = 16m. Compare to the beam coverage area, the beam overlapping percentage is listed in the following
	Number of beams
	6
	12
	24
	36
	64

	Beam overlapping percentage
	15%
	32%
	64%
	97%
	N/A


Note that the above beam overlapping analysis assume that UE already discovered the Tx beam before it enters beam overlapping areas, the only thing UE needs to figure out is which Rx beam is best for the next Tx beam. However, this may not be practical unless network can provide the precise Tx beam information. Without such genie information, UE runs beam discovery procedure, the PSS/SSS detection time is 20ms*24 = 480ms. Then we have:
· Overlapping between two adjacent Tx beams should be large enough to cover the PSS/SSS detection time: 480ms*97.2m/s = 47m. Compare to the beam coverage area, the beam overlapping percentage is listed in the following
	Number of beams
	6
	12
	24
	36
	64

	Beam overlapping percentage
	48%
	97%
	N/A
	N/A
	N/A


The above analysis all assume that TCI state switch can happen immediately after UE finishes measurement or beam detection. In practice, this overhead needs to be taken into consideration. From the above analysis, we can find that with current Rx beam sweep, number of Tx beam feasible for HST deployment is very limited, and large overlapping is required.
In addition to L1 and L3 measurement, other procedures with implicit assumption that Rx/Tx beam pair is the same throughout the procedure, e.g., RACH procedure, might need to be revisited, due to the short beam dwelling team in FR2 HST.
The above analysis provides a framework to evaluate whether a deployment is feasible, given the ISD (between RRHs), number of beams and beam coverage areas, number of Rx beam to sweep and train speed. 

Proposal 1: Evaluate the feasibility of a deployment scenario based the above beam dwelling time and measurement period framework.
3   Conclusion
Proposal 1: Evaluate the feasibility of a deployment based the above beam dwelling time and measurement period framework.

