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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], with the following objectives for core part included: 
	· Investigate and specify the following scenarios 
· NR SA single carrier scenario in FR2
· Focused on train roof-mounted high-power devices 
· Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption 
· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. Target deployment scenario is multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:
· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 
· Further study the channel model for FR2 HST
· HST single Tap channel and uni/bi-directional SFN channel shall be studied 
· Other channel model is not precluded 
· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST
· 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 this contribution, we would like to have the initial discussion on high speed train deployment scenario in FR2 and provide our viewpoint on related issues. 
2. Discussion
Following approved WID [1], the targeted FR2 HST deployment scenario and channel modeling need to be investigated firstly. In the following discussion, we would like to separate the FR2 HST deployment discussion into several issues. 
Issue-1: Scenarios for FR2 HST Deployment 
Similar to the counterpart for LTE and NR FR1 HST discussion [2][3], the practical high speed train scenarios should be identified based upon the feedback from operators and interested companies. 
In the approved WID, it is clearly indicated that in this WI we only consider train roof-mounted FR2 high-power devices with single panel operation on 28GHz NR SA single carrier with multiple RRHs deployed, there are still detailed parameters to be investigated and determined, such as, the number of RRHs per cell, the distance between adjacent RRHs, the distance between RRHs and railway track, the number of SSB per RRH, etc. As mentioned above, the detailed parameters should be provided as input from operators and interested companies. 


Figure 1. Illustration of FR2 HST deployment scenario
As shown in the above illustrative figure, the high speed train deployment scenario focuses on continuous coverage along track in high speed trains with the dedicated linear deployment along railway line. For a complete set of deployment parameters, the following table can be used as the template to collect companies’ view: 
Table 1. Parameters for FR2 HST deployment scenario
	
	Attributes
	Values or Assumptions
	Samsung Preference

	Already Approved in WID [1]
	Operation mode
	NR SA single carrier scenario in FR2
	N/A

	
	UE type
	Train roof-mounted high-power devices
	

	
	Applicable frequency bands
	28GHz band (n261, n257 and n258)
	

	Detailed Parameters
	Distance btw. RRH and railway track, Dmin
	Dmin (meter)
	TBA

	
	Distance between adj. RRH, Ds
	Ds (meter) 
	[500m]

	
	Cell ISD
	NRRH x Ds (meter)
	4 x [500m]

	
	RRH height (refer to train track)
	DRRH_height (meter)
	[10-30m]

	
	UE height (top of train roof)
	DUE_height (meter)
	[5m]



Observation 1: The parameters for FR2 HST deployment scenario should be identified based on operators and other interested companies’ input as below table: 
	
	Attributes
	Values or Assumptions

	Already Approved in WID [1]
	Operation mode
	NR SA single carrier scenario in FR2

	
	UE type
	Train roof-mounted high-power devices

	
	Applicable frequency bands
	28GHz band (n261, n257 and n258)

	Detailed Parameters
	Distance btw. RRH and railway track, Dmin
	Dmin (meter)

	
	Distance between adj. RRH, Ds
	Ds (meter) 

	
	Cell ISD
	NRRH x Ds (meter)

	
	RRH height (refer to train track)
	DRRH_height (meter)

	
	UE height (top of train roof)
	DUE_height (meter)



Issue-2: Analog Beam Coverage Design for Multi-RRHs Deployment
As mentioned in WID, target deployment scenario in this work item is multi-RRHs share the same cell-ID. However, detailed beam coverage needs to be studied carefully by specifying the number of beams per RRH and also the beam pattern/direction design for each beam, which results in the balanced tradeoff between: 
- Throughput performance, determined by the signal and interference condition for each beam under RRH. 
- Mobility performance, determined by the coverage (i.e., the length of beam covered train track) for each beam. 
Generally speaking, the above-mentioned factors, throughput and mobility performance can be regarded as two conflicting factors. Specifically, by increasing the number of beams per RRH could potentially improve the achievable signal strength while reduce the length of coverage for each beam, which could give more challenges to beam management based mobility design. 
[image: ]
Figure 2. Illustration of Beam Pattern of each RRH
To give an initial study on this tradeoff, based on the following parameters for RRH beam configuration, we simulate the received signal strength along the train track (without considering RX beamforming gain), as demonstrated in Figure-3. 
Table 2. Simulation Parameters for Beam Management Design for Multi-RRHs Deployment
	
	Attributes
	Values or Assumptions

	Parameters (for Issue-1) used in Simulation
	Distance btw. RRH and railway track, Dmin
	Dmin = 10m

	
	Distance between adj. RRH, Ds
	Ds = 500m 

	
	Cell ISD
	NRRH x Ds  = 4 x 500m

	
	Location of RRH-1 to 4
	0, 500, 1000, 1500m

	
	RRH height (refer to train track)
	DRRH_height = 15m

	
	UE height (top of train roof)
	DUE_height = 5m

	Other Parameters used in simulation
	RRH Analog Beamforming Panel
	16x16 elements

	
	RRH Panel tilt
	15 degree tile down

	
	Beam direction design
(the direction of beam from z-axis)
	115, 105, 98, 92 degree

	
	Tx Pout for gNB RRH
	30dBm



Figure 3. Illustration of Received Power without UE beamforming
[image: ]
Based on the above analytical results, we can observe that the received power for UE under all four beams’ coverage is at least 20dB above than PC4 peak EIS reference sensitivity, which is -88dBm for 400MHz bandwidth case, as specified in TS38.101-2. On the other hand, for each beam’s coverage, the minimum beam coverage (i.e., for beam-1 and beam-2) is round 30 meters. By assuming a certain train velocity, e.g., 250km/h, which should be finally determined by operators’ demand and feasibility study, the UE duration on these beam should be in the level of 400-500ms, which could be regarded as reasonable range for beam management. 
Proposal-1: Based on assumed deployment scenario, the analog beam coverage for multi-RRHs deployment should be designed to consider the tradeoff between throughput performance and mobility performance. 

Issue-3: Beam Management Design for Multi-RRHs Deployment
Another important issue for FR2 HST deployment is how the beam management works for multi-RRHs deployment. Different from FR1 HST RRH deployment, in which RRHs are connected to one BBU to form a SFN deployment, different strategies can be considered for FR2 HST. 
(1) RRH Beam Management Strategy-1:  SFN-like BM
· All RRHs (connected to one BBU with fiber) share the same cell ID
· All RRHs under the same cell use the same set of SSB indexes, e.g., all RRHs use SSB-0 to SSB-3. 
(2) RRH Beam Management Strategy-2:  TRP-like BM
· All RRHs (connected to one BBU with fiber) share the same cell ID
· All RRHs under the same cell use the different sets of SSB indexes, e.g., RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7, etc. 
By considering different strategy of TX/RX beamforming design at train-roof-mounted UE side, the beam management design could be more complex, while RAN4 should identify the baseline beam management design for multi-RRHs deployment in FR2 HST scenario, which will be used as the baseline scheme for UE RF, RRM and Demodulation analysis. 
Proposal-2: RAN4 should identify the baseline beam management design for multi-RRHs deployment in FR2 HST scenario, which will be used as the baseline scheme for UE RF, RRM and Demodulation analysis. 

Issue-4: Analog Beamforming at Train-Roof-Mounted UE
Since FR2 power class 4 UE is considered as the baseline UE type for FR2 HST scenario, while we could need more discussion on the applicable RF requirement set for train-roof-mounted UE. As specified in Rel-15 NR standard, power class 4 is regarded as the high-power UE type with the much improved spherical coverage performance from UE RF perspective and full mobility support as PC3 from RRM perspective. However, the necessity of 80% spherical coverage and the big number of scaling factor for candidate RX beams should be reconsidered to guarantee the mobility performance in FR2 HST scenario. 
Obervation-2: Analog beamforming design at train-roof-mounted UE for FR2 HST should be examined to guarantee the mobility performance in FR2 HST scenario. 

Issue-5: Feasibility Study of Supported High Speed Train Velocity
As the objective provided in WID, 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, while the feasibility of maximum supported speeds of up to a maximum of 350km/h will be investigated. 
By assuming 120kHz SCS and +/-0.1 ppm frequency offset, i.e., 2800Hz for 28GHz carrier frequency, and considering the range of maximum frequency offset which can be compensated by TRS (4 symbols interval), the supported maximum Doppler shift is in the range of -4200Hz to +4200Hz, which can only support the velocity of train to 162km/h. RAN4 should have more feasibility study of the maximum supported speed of train.  

4. Conclusion
In this contribution, we provided our initial discussion and viewpoint on high speed train deployment scenario in FR2. The following observations and proposals are provided accordingly: 
Observation 1: The parameters for FR2 HST deployment scenario should be identified based on operators and other interested companies’ input as below table: 
	
	Attributes
	Values or Assumptions

	Already Approved in WID [1]
	Operation mode
	NR SA single carrier scenario in FR2

	
	UE type
	Train roof-mounted high-power devices

	
	Applicable frequency bands
	28GHz band (n261, n257 and n258)

	Detailed Parameters
	Distance btw. RRH and railway track, Dmin
	Dmin (meter)

	
	Distance between adj. RRH, Ds
	Ds (meter) 

	
	Cell ISD
	NRRH x Ds (meter)

	
	RRH height (refer to train track)
	DRRH_height (meter)

	
	UE height (top of train roof)
	DUE_height (meter)



Proposal-1: Based on assumed deployment scenario, the analog beam coverage for multi-RRHs deployment should be designed to consider the tradeoff between throughput performance and mobility performance. 
Proposal-2: RAN4 should identify the baseline beam management design for multi-RRHs deployment in FR2 HST scenario, which will be used as the baseline scheme for UE RF, RRM and Demodulation analysis. 
Obervation-2: Analog beamforming design at train-roof-mounted UE for FR2 HST should be examined to guarantee the mobility performance in FR2 HST scenario. 
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