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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 [2, RP-210800]). The channel modelling for HST scenarios in FR2 has been discussed in last RAN4 meeting (RAN4#98-e), with the following contents regarding to channel modeling are agreed in the approved WF [5, R4-2103240]. 
	· WF5: Channel Modeling
· Pathloss model used for link budget evaluation: 
· RAN4 choose TS38.901 RMa LoS pathloss model to be used for link budget evaluation at least for Scenario-A: 
· FFS pathloss model for tunnel deployment scenario. 
· FFS channel model for Scenario-B.
· Channel modelling for performance requirements: 
· For channel modelling for performance requirement evaluation: 
· The single-tap can be assumed for a single TX-RX link at least for Scenario-A.
· FFS multi-tap models are needed for SFN and other scenarios. 
· FFS channel model for Scenario-B.



Accompanying our contribution on FR2 HST deployment scenario given in this meeting [6][7], we would like to further provide our viewpoints on remaining issues for FR2 HST channel modeling. 

2. Discussion
As required in WF [5, R4-2103240], companies are tasked to further investigate pathloss model used for link budget evaluation and channel modelling for performance requirements, especially for Scenario-B and tunnel deployment scenario. 
3.1 Large-Scale Pathloss Modeling for Link Budget Evaluation 
Based upon our discussion paper [4, R4-2100915] in RAN4#98, it is agreed that RAN4 choose TS38.901 RMa LoS pathloss model to be used for link budget evaluation at least for Scenario-A. Some companies have shown their concern on the same conclusion can be applied to Scenario-B, in which larger value of Dmin may lead to higher possibility of having NLoS environment. 
Although there is no direct evidence of validate or invalidate LoS environment is applicable to Scenario-B, it is the common understanding that the RRH should be installed with as less blockage to its covered train track as possible. Therefore, if there is no measurement campaign and data we can use, we suggest that TS38.901 RMa LoS model is also applicable to Scenario-B. 
Proposal-1: If there is no further evidence from measurement campaign, RAN4 choose TS38.901 RMa LoS pathloss model used for link budget evaluation for Scenario-B. 
3.2 Channel Modeling for Performance Requirement
Similar as large-scale pathloss model, if there is no measurement campaign and data we can use, it is reasonable to assume that LoS envirionment is also suitable and applicable to Sceanrio-B, thus making the single-tap be assumed for a single TX-RX link for Scenario-B.
Proposal-2: The single-tap can be assumed for a single TX-RX link for Scenario-B.
For the detailed channel modeling to be used for performance requirement, it is strightforward to be derived based on the FR1 counterpart, while also taking FR2 analog beamforming and beam management into account. Specifically, as analyzed in our accompanying paper on FR2 HST deployment scenarios, JT for all channels (i.e., full SFN) is not preferred to be used for FR2 HST scenarios, and therefore we have provided (1) Single Tap channel profile for bi-directional RRH deployment, (2) HST-DPS channel profile (for uni-directional RRH deployment) and (3) HST-DPS channel profile (for bi-directional RRH deployment).
3.2.1  Single Tap Channel for FR2 HST 
By applying the parameters given by Scenario-A and B into the single Tap channel profile in TS38.101-4 B.3.1, under the train speed of 260kmph and 350kmph, the Doppler shift trajectories for 120kHz SCS are provided as below:
	v = 260km/h
	v = 350km/h
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Figure 1. Doppler shift trajectory for single tap@28GHz
Similar to FR1 counterpart, the single tap channel profile could be used for bi-directional RRH deployment scenario.  
Observation-1: As a candiate channel profile for bi-directional RRH deployment sceanrio, the single tap channel profile is obtained by applying the parameters of Scenario-A and B into the profile in TS38.101-4 B.3.1. 
3.2.2  HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment
For HST-DPS channel for FR2 HST uni-directional RRH deployment, there are two alternatives to be considered, i.e.,  Alt-1: UE moving towards serving beam, and Alt-2 UE moving away from serving beam. Our PDSCH simulation for the maximum speed feasibility study in the accompanying contribution is based on Alt-1, i.e. UE moving towards serving beam.
It has been shown that the Doppler shift trajectory for HST-DPS channel is based upon the deployment scenario, by which the switching point between two RRHs are determined by considering beam coverage, beam direcition etc. Based on our study on FR2 HST deployment scenario, we propose to use the switching point between two RRHs as the following Table 1.
Observation-2: For HST-DPS for uni-directional RRH deployment, the Doppler shift trajectory is dependent on the switching point configured between two RRHs. 
Proposal-3: The switching point between two RRHs are assumed as the Table 1.
Table 1. Switching point between two RRHs (Ds_offset is defined as below Figure 2/4)
	
	UE moving towards serving beam
	UE moving away from serving beam

	Scenairo-A (Ds = 700m , Dmin = 10m)
	Ds_offset = 700 + 40 (meter)
	Ds_offset = 40 (meter)

	Scenario-B (Ds = 700m , Dmin = 150m)
	Ds_offset = 700 + 370 (meter)
	Ds_offset = 370 (meter)



Doppler shift is given by




where  is the Doppler shift and  is the maximum Doppler frequency.
3.2.2.1  Alt-1: UE Moving towards Serving Beam
As illustrated in Figure-2, for UE moving towards serving beam, Ds_offset is defined as the distance between the switching point to RRH-n and the location of RRH-n.  


Figure 2. Illustration of DPS switching point for HST-DPS Alt-1: UE Moving towards Serving Beam
Based on the above figure and definition within for HST-DPS Alt-1: UE moving towards serving beam, the cosine of angle θ(t) used in Doppler shift  and the resultant Doppler shift trajectory is provided accordingly as below. 
Proposal-4: For HST-DPS channel for uni-directional RRH deployment (Alt-1, UE moving towards serving beam), the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 1)
											(eq. 2)
    												(eq. 3)
Observation-3: Doppler shift trajectory is demonstrated in Fig.3 for HST-DPS Alt-1: UE Moving towards Serving Beam.
	v = 260km/h
	v = 350km/h
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Figure 3. Doppler shift trajectory for HST-DPS Alt-1: UE Moving towards Serving Beam

3.2.2.2  Alt-2: UE Moving Away from Serving Beam
Similarly, for Alt-2: UE Moving Away from Serving Beam, Ds_offset is defined as the distance between the location of RRH-n to the switching point to RRH-n, as illustrated in Figure-4.  


Figure 4. Illustration of DPS switching point for Alt-2: UE Moving Away from Serving Beam
Based on the above figure and definition within for HST-DPS Alt-2: UE moving away from serving beam, the cosine of angle θ(t) used in Doppler shift  and the resultant Doppler shift trajectory is provided accordingly as below. 
Proposal-5: For HST-DPS channel for uni-directional RRH deployment (Alt-2, UE moving away from serving beam), the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 4)
											(eq. 5)
    												(eq. 6)
Observation-4: Doppler shift trajectory is demonstrated in Fig.4 for HST-DPS Alt-2: UE Moving Away from Serving Beam.
	v = 260km/h
	v = 350km/h
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Figure 4. Doppler shift trajectory for HST-DPS Alt-2: UE Moving Away from Serving Beam

3.2.3  HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment
For HST-DPS channel for FR2 HST bi-direicontal RRH deployment, the actual Doppler shift trajectory is dependent on deployment scenario study. Specifically, as analyzed in our accompanying disucssion paper, if UE is assumed to be served by 2nd-nearest RRH (details explained in our accompanying discussion paper), it could be beneficial to have a feasibile beam management scheme. 
Observation-5: For HST-DPS for bi-directional RRH deployment, the Doppler shift trajectory is dependent on the beam management scheme to be concluded from deployment scenario study.


Figure 5. Illustration of HST-DPS for Bi-directional RRH Deployment (UE served by 2nd-nearest RRH)
Based on the above figure and definition within for HST-DPS for bi-directional deployment (i.e., if we assume UE is served by 2nd-nearest RRH), the cosine of angle θ(t) used in Doppler shift  and the resultant Doppler shift trajectory is provided accordingly as below. 
Proposal-6: For HST-DPS channel for HST-DPS for bi-directional deployment, the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 7)
											(eq. 8)
    												(eq. 9)

Observation-6: If we assume UE is served by 2nd-nearest RRH, Doppler shift trajectory is demonstrated in Fig.6 for FR2 HST bi-directional RRH deployment.

	v = 260km/h
	v = 350km/h
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Figure 6. Doppler shift trajectory for FR2 HST Bi-Directional RRH Deployment
3.2.3  Channel Model Selection for Uplink and Downlink
Next question will be how to choose the channel models for uplink and downlink performance requirement. 
For bi-directional RRH deployment, both single tap channel and the above HST-DPS Channel can give similar Doppler shift trajectory. If DPS is adopted for beam management scheme, it is more straightforward to use HST-DPS channel for downlink performance requirement, in which multiple TCI states can be configured, and single tap channel profile can be adopted for UL, similar to FR1 counterpart. 
For uni-directional RRH deployment, we suggest to use the above proposed HST-DPS Channel for FR2 HST uni-directional RRH deployment to better capture the channel characteristic observed in uni-directional deployment. 
Proposal 7: Channel models for uplink and downlink performance evaluation are proposed as follows:
Table 2. Proposed Channel Model Selection for UL and DL Performance Evaluation 
	Scenario (applicable to both A&B)
	Uplink
	Downlink

	Bi-directional RRH Deployment
	Single Tap Channel for FR2 HST
	HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment

	Uni-directional RRH Deployment
	HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: 
Alt-1: UE Moving towards Serving Beam



3. Conclusion
In this contribution, we further provided our discussion and viewpoint on channel modelling for high speed train deployment scenarios in FR2. The following observations and proposals are provided accordingly: 
Proposal-1: If there is no further evidence from measurement campaign, RAN4 choose TS38.901 RMa LoS pathloss model used for link budget evaluation for Scenario-B.   
Proposal-2: The single-tap can be assumed for a single TX-RX link for Scenario-B.  
Observation-1: As a candiate channel profile for bi-directional RRH deployment sceanrio, the single tap channel profile is obtained by applying the parameters of Scenario-A and B into the profile in TS38.101-4 B.3.1. 
Observation-2: For HST-DPS for uni-directional RRH deployment, the Doppler shift trajectory is dependent on the switching point configured between two RRHs. 
Proposal-3: The switching point between two RRHs are assumed as the Table 1.
Table 1. Switching point between two RRHs (Ds_offset is defined as below Figure 2/4)
	
	UE moving towards serving beam
	UE moving away from serving beam

	Scenairo-A (Ds = 700m , Dmin = 10m)
	Ds_offset = 700 + 40 (meter)
	Ds_offset = 40 (meter)

	Scenario-B (Ds = 700m , Dmin = 150m)
	Ds_offset = 700 + 370 (meter)
	Ds_offset = 370 (meter)



Proposal-4: For HST-DPS channel for uni-directional RRH deployment (Alt-1, UE moving towards serving beam), the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 1)
											(eq. 2)
    												(eq. 3)
Observation-3: Doppler shift trajectory is demonstrated in Fig.3 for HST-DPS Alt-1: UE Moving towards Serving Beam.
Proposal-5: For HST-DPS channel for uni-directional RRH deployment (Alt-2, UE moving away from serving beam), the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 4)
											(eq. 5)
    												(eq. 6)
Observation-4: Doppler shift trajectory is demonstrated in Fig.4 for HST-DPS Alt-2: UE Moving Away from Serving Beam.
Observation-5: For HST-DPS for bi-directional RRH deployment, the Doppler shift trajectory is dependent on the beam management scheme to be concluded from deployment scenario study.
Proposal-6: For HST-DPS channel for HST-DPS for bi-directional deployment, the cosine of angle used in Doppler shift  is provided as below:
 											(eq. 7)
											(eq. 8)
    												(eq. 9)
Observation-6: If we assume UE is served by 2nd-nearest RRH, Doppler shift trajectory is demonstrated in Fig.6 for FR2 HST bi-directional RRH deployment.
Proposal 7: Channel models for uplink and downlink performance evaluation are proposed as follows:
Table 2. Proposed Channel Model Selection for UL and DL Performance Evaluation 
	Scenario (applicable to both A&B)
	Uplink
	Downlink

	Bi-directional RRH Deployment
	Single Tap Channel for FR2 HST
	HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment

	Uni-directional RRH Deployment
	HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: 
Alt-1: UE Moving towards Serving Beam
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5. TP to TR38.854 on Channel Modeling 
Based on the analysis provided in last meeting [4] and the corresponding conclusion captured in the approved WF [5], we have proposed the following Text Proposal to TR 38.854 (revision to be provided on the version v0.0.2). 

[bookmark: _Toc55838119][bookmark: _Toc56171182][bookmark: _Toc523749799][bookmark: _Toc523750864][bookmark: _Toc527979877]<Start of Text Proposal>
6.2	Channel model for FR2 HST
This section collects the channel model information used for FR2 HST feasibility evaluation and provides the analysis on channel modelling for performance requirements.
6.2.1 [bookmark: _Toc56171183]Pathloss model used for link budget evaluation
To have the link budget analysis for the proposed FR2 HST deployment scenarios, the accurate large-scale pathloss model is one of the prerequisites. The following large scale pathloss models are proposed to be considered as candidate optionsFor the pathloss model used for link budget evaluation RAN4 will discuss and study further among following options:
· Option-1: TR38.901 RMa LoS (baseline option)
· Option-2: free space model
· Option-3: TR38.901 UMa LoS 

For the purpose of demonstrating and validating which large scale channel modeling is suitable for FR2 HST, the analysis has been provided based on the practical field measurement. Specifically, based upon the conditions provided in the Table 6.2.1-1, the practical field testing on a trait along a typical railway has been conducted to obtain measurement data at the frequency of 28GHz, as illustrated in the Figure 6.2.1-1.
Table 6.2.1-1 Parameters for practical field measurement for typical high speed train scenario 
	Parameter name
	Configuration value

	Minimum TX-RX distance
	60 m

	Maximum TX-RX distance
	550 m

	Distance granularity
	1 m

	Center frequency
	28 GHz

	TX antenna height
	5 m

	RX antenna height
	3 m

	Parameter hE in 3GPP
	1 m



[image: ]
Figure 6.2.1-1 Illustration of practical field measurement conducted for typical high speed train scenario

By having the analysis based on the measurement data obtained from the measurement campaign as above described, the comparison among measurement results and pathloss models (i.e., the three options of RMa LOS, UMa LOS and free space model) is demonstrated in Figure 6.2.1-2 and accompanying Table 6.2.1-2 in which the numerical results are contained.
[image: ]
Figure 6.2.1-2 Comparison of measurement data and pathloss models for FR2 HST
By leveraging the numerical results in terms of the root mean square error (RMSE), mean error and standard deviation (Std), it has been demonstrated that for the evaluated range there is no significant difference from three different pathloss LoS models, and the field measurement also validate that LoS model can reflect the practical FR2 HST channel condition compared with NLoS models. By further investigating three LoS models’ similarity from measurement data, it has been demonstrated that RMa LoS model can achieve the lowest value of RMSE and best mean error with reasonable standard deviation. 
Table 6.2.1-2 Numerical comparison of measurement data and pathloss models for FR2 HST
	
	RMSE
	Mean Error
	Std

	Free space model
	4.5212
	-0.74819
	4.4634

	RMa LoS model
	4.4716
	0.13552
	4.4741

	UMa LoS model
	4.4974
	-0.3428
	4.4889

	RMa NLoS model
	35.1499
	34.4667
	6.9036

	UMa NLoS model
	26.5
	25.692
	6.5006



Based upon the above analysis on the measurement data from the typical railway environment for 28GHz, it has been demonstrated that TS38.901 RMa LoS model is an accurate large-scale pathloss model and it is agreed that TS38.901 RMa LoS pathloss model is adopted to be used for link budget evaluation at least for Scenario-A.   
Editor Note: FFS pathloss model for tunnel deployment scenario and Scenario-B. 
[bookmark: _Toc56171184]6.2.2	Channel modelling for performance requirements
Based on WID as follows, RAN4 is tasked to further study the channel model for FR2 HST, where the key question needs to be answer: 
RAN4 further study the channel modelling for performance requirements:
· Option 1:Whether or not single-tap per RRH channel model is assumed in UL direction and
·  bothWhether single- and or multi-tap models is assumed in DL direction.

Other options are not precluded, which could depend on deployment scenario discussion. 
Compared with the FR1 counterpart, the major difference of having analog beamforming in FR2 should be considered in determining channel model for performance requirement. Depending on whether or not joint transmission is allowed for FR2 HST, it could be possible to have multiple taps from neighboring RRHs, while if only DPS is allowed single tap model should be employed.

Furthermore, whether or not the single tap is accurate enough for a single TX-RX link in FR2 HST scenario has been studied. Specifically, a measurement-data-calibrated FR2 HST ray-tracing model is used to simulate various paths of LoS and reflected path for a practical railway scenario. As required by WID, the UE is mounted on top of the driver’s cabin of the train in the simulation. And the traveling length is 2000 m, with a sampling distance of 20 m, thus making 200 snapshots (UE locations) be simulated.

UE moving direction
The entire length is 2000 m
RRH1
RRH2
RRH3
RRH4
UE
 (Initial position)

Figure 6.2.2-1 Illustrative of the setup for FR2 HST ray-tracing simulation
For each given UE location, the received signals from 4 RRHs are simulated by using the ray-tracing model. Numerically, it has been demonstrated that all simulated snap shots have the ratio of received non-first-tap power over total received power smaller than 0.01, or in other words, in all snap shots, the first tap can contain more than 99% of the energy, which validate the single-tap assumption from a single TX-RX link in FR2 HST.
[image: ]
Figure 6.2.2-2 CDF of the ratio of non-first-tap power over total power
Based on measurement-data-calibrated ray-tracing modeling at 28GHz for typical railway environment, it has been validated that the single-tap is accurate enough to represent a single TX-RX link for FR2 HST. Therefore, it is agreed that for channel modelling for performance requirement, the single-tap can be assumed for a single TX-RX link at least for Scenario-A.

Editor Note: FFS multi-tap models are needed for SFN and other scenarios and FFS channel model for Scenario-B. 


<End of Text Proposal>
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