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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [3, RP-202538]).  Based on last RAN4 meeting (RAN4#98-e) discussion, the following contents are agreed in the approved WF [4, R4-2103679] on RRM requirement. 
One of the objective for this WI is to study the maximum supported speed, as below: 
	· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.
· The feasibility of supporting speeds of up to a maximum of 350km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.


In our accompanying contribution [5], we also provide the feasibility study on maximum support speed from demodulation perspective, while in this contribution, we would like to provide our views for maximum supported speed from RRM perspective. 
2. Discussion
2.1 Beam Dwelling Time
As we present in our accompanying papers [6] [7] focusing on deployment study on Scenario-A and B respectively, the beam dwelling time are provided.
2.1 Beam Dwelling Time for Uni-Directional RRH Deployment
For Uni-directional RRH deployment in Scenario-A, both single beam per panel and 2 beams per panel are considered as being feasible. Accordingly, the beam dwelling time is provided as follows:
Table 2.1-1 Beam Dwelling Time for Single-Beam-per-RRH, Uni-Directional RRH Deployment for Scenario-A [6]
	UE maximum speed
	Beam Dwelling Time (s)

	260km/h
	9.7

	350km/h
	7.2



Table 2.1-2 Beam Dwelling Time for Dual-Beam-per-Panel, Uni-Directional RRH Deployment for Scenario-A [6]
	
	RRH Antenna Array Model

	
	[Mg, Ng, M, N, P]
=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 16, 2]

	RRH beam1 dwelling distance(m)
	55
	44
	93

	RRH beam1 dwelling time(s)
	speed = 260km/h
	0.76
	0.61
	1.29

	
	speed = 350km/h
	0.57
	0.45
	0.96

	RRH beam2 dwelling distance(m)
	646
	656
	607

	RRH beam2 dwelling time(s)
	speed = 260km/h
	8.94
	9.08
	8.40

	
	speed = 350km/h
	6.64
	6.75
	6.24



For Uni-directional RRH deployment in Scenario-B, only 2 beams per panel can provide satisfactory coverage, therefore, we provide the beam dwelling time accordingly as below: 
Table 2.1-3 Beam Dwelling Time for Dual-Beam-per-Panel, Uni-directional RRH Deployment for Scenario-B [7]
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

	RRH beam1 dwelling distance(m)
	157
	155
	223

	RRH beam1 dwelling time(s)
	speed = 260km/h
	2.71
	2.15
	3.09

	
	speed = 350km/h
	1.61
	1.59
	2.29

	RRH beam2 dwelling distance(m)
	543
	545
	477

	RRH beam2 dwelling time(s)
	speed = 260km/h
	7.52
	7.55
	6.60

	
	speed = 350km/h
	2.59
	5.61
	4.91



Observation 1: For uni-directional RRH deployment for Scenario-A and B, the smallest beam dwelling time can be 
     - in the range of [0.45, 0.96] seconds for 350kmph if two beams per RRH panel;
     - enlarged to 7.2 seconds for 350kmph if one beam used per RRH panel. 
	
2.2 Beam Dwelling Time for Bi-Directional RRH Deployment
For bi-directional RRH deployment, the analysis could be more complex becuase the beam coverage can be designed in two ways, denoted as ”Scheme-1” and ”Scheme-2” explained in our accompanying paper [6]. 
Based on our analysis, for Scenario-A, only single beam per RRH is needed for either Scheme-1 or Scheme-2, while the beam dwelling time is different, as provided below: 
Table 2.2-1 Beam Dwelling Time for Single-Beam-per-Panel for bi-directional deployment for Scenario-A [6]
	
	RRH Antenna Array Model

	
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

	Single-beam-per-Panel

Bi-directional RRH
scheme1
	dwelling distance(m)
	350
	350
	350

	
	dwelling time(s)
	speed = 260km/h
	4.85
	4.85
	4.85

	
	
	speed = 350km/h
	3.6
	3.6
	3.6

	Single-beam-per-Panel

Bi-directional RRH
scheme2
	RRH1P1beam1 near the RRH1
dwelling distance(m)
	311
	301
	267

	
	RRH1P1beam1 near the RRH1
dwelling time(s)
	speed = 260km/h
	4.31
	4.17
	3.70

	
	
	speed = 350km/h
	3.2
	3.1
	2.75

	
	RRH2P1beam1 near the RRH2
dwelling distance(m)
	311
	303
	267

	
	RRH2P1beam1 near the RRH1
dwelling time(s)
	speed = 260km/h
	4.31
	4.19
	3.70

	
	
	speed = 350km/h
	3.2
	3.1
	2.75

	
	RRH1P1beam1 near the RRH2
dwelling distance(m)
	78
	96
	194

	
	RRH1P1beam1 near the RRH2
dwelling time(s)
	speed = 260km/h
	1.08
	1.33
	2.69

	
	
	speed = 350km/h
	0.80
	0.99
	1.99



For Scenario-B, it is demonstrated that only Scheme-1 is reasonale, based upon that the beam dwelling time is derived as follows: 
Table 2.2-2 Switch Point and Beam Dwelling Time for two-beam-per-panel for Scenario-B [7]
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

	Bi-directional RRH

Two-beam-per-Panel
	RRH beam1 dwelling distance(m)
	187
	183
	166

	
	RRH beam1 dwelling time(s)
	speed = 260km/h
	2.59
	2.53
	2.30

	
	
	speed = 350km/h
	1.92
	1.88
	1.71

	
	RRH beam2 dwelling distance(m)
	163
	167
	184

	
	RRH beam2 dwelling time(s)
	speed = 260km/h
	2.26
	2.30
	2.55

	
	
	speed = 350km/h
	1.68
	1.72
	1.89



Observation 2: For bi-directional RRH deployment for Scenario-A and B, the smallest beam dwelling time can be in the range of [0.8, 1.99] seconds for UE maximum speed of 350kmph.

2.2 Number of RX Beam(s) in UE
As discussed in previous meetings, companies identified that in FR2 HST deployment scenario, limited number of RX beams are needed to be incooperated in beembook, which helps to alleviate the burden of RX beam sweeping to identify the proper RX filtering for a particular TCI state. 
Based on the analysis in our accompanying papers [6][7], it is demonstrated the satisfactory coverage is achievable by the following simplest RX beambook design, i.e., 
         - For uni-directional deployment, one beam per panel and one panel per UE is needed;
         - For bi-direcitonal deployment, one beam per panel and two panel per UE is needed. 
Observation 3: Based on our study on FR2 HST deployment scenario, satisfactory cellular coverage is feasible even with the beambook design as follows: 
         - For uni-directional deployment, one beam per panel and one panel per UE is needed;
         - For bi-direcitonal deployment, one beam per panel and two panel per UE is needed. 
Accordingly, FR2 scaling factor N for in measurement delay requirement and other related FR2 RRM procedures can be reduced accordingly. 

2.3 Maximum Speed Feasibility Study from RRM Perspective 
To conduct the maximum speed feasibility study from RRM perspective, RAN4 needs to review the relevant requirements by considering the beam dwelling time, RX beam number (and accordingly FR2 scaling factor N) into account. 
Proposal-1: For the maximum speed feasibility study from RRM perspective, RAN4 needs to review relevant RRM requirement by assuming required beam dwelling time, RX beam number (and accordingly FR2 scaling factor N) as follows: 
	
	Speed = 260km/h
	Speed = 350km/h

	Uni-directional RRH Deployment
	Minimum Beam Dwelling Time
	0.61s if two beams per RRH
or
9.7s if one beam per RRH
	0.45s if two beams per RRH
or 
7.2s if one beam per RRH

	
	FR2 Scaling Factor N
	N = 1
	N = 1

	Bi-directional 
RRH Deployment
	Minimum Beam Dwelling Time
	1.08s
	0.8s 

	
	FR2 Scaling Factor N
	N = 2
	N = 2



3. Conclusion
In this contribution, we further provided our discussion and viewpoint on RRM core requirement for FR2 HST. The following observations are provided accordingly: 
Observation 1: For uni-directional RRH deployment for Scenario-A and B, the smallest beam dwelling time can be 
     - in the range of [0.45, 0.96] seconds for 350kmph if two beams per RRH panel;
     - enlarged to 7.2 seconds for 350kmph if one beam used per RRH panel. 

Observation 2: For bi-directional RRH deployment for Scenario-A and B, the smallest beam dwelling time can be in the range of [0.8, 1.99] seconds for UE maximum speed of 350kmph.

Observation 3: Based on our study on FR2 HST deployment scenario, satisfactory cellular coverage is feasible even with the beambook design as follows: 
         - For uni-directional deployment, one beam per panel and one panel per UE is needed;
         - For bi-direcitonal deployment, one beam per panel and two panel per UE is needed. 
Proposal-1: For the maximum speed feasibility study from RRM perspective, RAN4 needs to review relevant RRM requirement by assuming required beam dwelling time, RX beam number (and accordingly FR2 scaling factor N) as follows: 
	
	Speed = 260km/h
	Speed = 350km/h

	Uni-directional RRH Deployment
	Minimum Beam Dwelling Time
	0.61s if two beams per RRH
or
9.7s if one beam per RRH
	0.45s if two beams per RRH
or 
7.2s if one beam per RRH

	
	FR2 Scaling Factor N
	N = 1
	N = 1

	Bi-directional 
RRH Deployment
	Minimum Beam Dwelling Time
	1.08s
	0.8s 

	
	FR2 Scaling Factor N
	N = 2
	N = 2
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