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1. Introduction

In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST.
As the objectives of Rel-18 enhanced NR support for FR2 HST, to study on reference tunnel deployment scenario for FR2 HST is expected to be included in this WI, which is provided in WID [2] as follows:
	· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]


In last RAN4 meeting, the WF on tunnel deployment has been approved [4], with the following WF and agreements obtained: 
	General assumption for tunnel deployment
[bookmark: _Hlk116691094]Agreement: 
· On the assumption for train-roof-mounted CPE: 
· For the feasibility study of tunnel scenarios, the assumed parameters for train-roof-mounted CPE UE in Rel-17 WI can be reused:
· DUE_height: 5m
· UE panel: N=4, M=4 with 2 polarizations
· On the assumption on SCS: 
· Only consider 120 kHz SCS for HST FR2 evaluations and requirements definition.
Way Forward: 
· On the assumption of transmission scheme: 
· Further study the transmission scheme of the tunnel deployment scenario, 
· FFS SFN scheme and other multi-TRP schemes should be considered with tunnel deployment scenario.
· FFS bi-directional and uni-directional RRH deployment for tunnel scenario

Key parameters for tunnel deployment  
Way Forward: 
· RAN4 discuss and study the key parameters below as baseline assumption for tunnel deployment by considering feasibility study of tunnel scenarios: 
· Ds: the distance separation between two neighboring RRH sites. FFS options including:
· Option 1: Ds = 500m 
· Option 2: Ds = 700m 
· Dmin: the minimum distance between RRH site and train track. FFS options including:
· Option 1: Dmin = 0m 
· Option 2: Dmin = 2m
· DRRH_height: determined/limited by tunnel height and RRH deployment method
· Tunnel dimensions: such as tunnel shape, height, width etc. 
· Option 1: 7.6 meters in diameter for a 2 track tunnel
· Accordingly, DRRH_height is assumed to be 7.4m
· Option 2: 5.5 meters in diameter for a single tunnel
· Accordingly, DRRH_height is assumed to be 5.3m
· Other options are not precluded
· gNB RRH and antenna panel element assumption. 
· FFS the number of RRHs per BBU, 
· Option 1: 4 RRHs per BBU, 
· Option 2: from 1 to 4 RRHs per BBU
· Other options are not precluded
· 1 beam per RRH panel 
· RRH Antenna Element Assumption for RRH side is the same as Rel-17: [Mg, Ng, M, N, P] = [1, 1, 8, 8, 2].

Reference channel model for tunnel scenario
Way Forward: 
· RAN4 further study the reference channel model for tunnel scenario:
· FFS LoS propagation assumption is valid in the tunnel deployment. 
· FFS LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment.
· FFS using multi-path fading channel model with strong LoS component for the performance evaluation of HST FR2 tunnel deployment.
· FFS the solution about the problem about the significant performance degradation when UE is under RRH due to larger delay spread than CP.
· FFS The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS).

Mobility issue for tunnel scenario
Way Forward: 
· RAN4 to discuss the mobility issue when the train is travelling in the direction opposite to the serving beam orientation, especially, in the case when RRH are close to the track, i.e., in tunnel deployments.

Expectation from tunnel deployment scenario study
Agreement: 
· Based on the study on tunnel scenario, at least the following targets can be expected: 
· FR2 HST tunnel scenario channel model
· FFS the necessity of new channel model FR2 HST tunnel scenario
· Typical FR2 HST deployment scenario for tunnel scenario
· FFS the feasible parameters for FR2 HST deployment for tunnel scenario
· Identified the requirements that might be impacted by the tunnel scenario, if any.



In this contribution, we would like to share our further viewpoints on reference tunnel deployment. 
2 Discussion 
2.1 Study on Reference Tunnel Deployment
By employing the reconstructed three-dimensional (3D) environment models with calibrated electromagnetic (EM) parameters, we have conducted extensive simulations for HSR scenarios based upon ray-tracing (RT) channel modeling, thus obtaining the fundamental knowledge of HST channel propagation properties for channel deployment scenario. The fundamental channel characteristics including pathloss, time and angular spread, Doppler and dominant multipath components are thoroughly studied for tunnel scenarios as illustrated in Fig. 1. 
2.1.1 Ray-tracing based study

In the current simulation scenario, the dimension of tunnel is larger than the option 1 (two-track tunnel) agreed in WF [4]. Since there is very limited time between two meeting cycles, more simulation work is expected for future study based on the agreed tunnel dimension instead. 

For this RT evaluation scenario, we assume Tx point positioned accordingly to RRH antenna placement, which is located in the midpoint of the concerned HST traveling distance, i.e., 2000 meters from start to end. The heights of RRH antenna are 5.5 m. And Rx point for RT evaluation is placed on the front top of the HST to match the practical installation of CPE for 3GPP HSR deployment scenario, and the height of Rx is assumed to be 5 meters. In this simulation, the simulation step size is 10 meters, which means the RT simulation is conducted for every 10 meters along the 2000 meters HST traveling distance. 

  [image: ]
Fig. 1. Illustration of tunnel scenario (right) in RT simulation.

Table 1. Ray-Tracing simulation configuration
	Freq./BW
	30 GHz, 100MHz

	Scenarios
	Tunnel

	Antenna
	Tx: 1 antenna element
Rx: 1 antenna element
Omni-directional antenna element

	Propagation mechanism
	Direct
	Friis equation

	
	Reflection
	Fresnel eq. (to 7th order) 

	
	Scattering
	Directive scattering

	Material
	Building/Tunnel
	Concrete

	
	Ground
	Concrete

	
	Train/Rail
	Metal



The ray-tracing simulation configurations are summarized in Table 1. In the RT simulation, the direct, reflection and scattering propagation mechanisms are considered. Concrete is the material of the buildings and tunnel wall, and metal is the material of the train body and the railway infrastructure. Besides, the omni-directional antenna element is configured in the simulation, which is used to capture signals from all directions to reach the characterization in spatial domain. A well-calibrated RT model is used in this work to conduct ray-tracing simulation, with the electromagnetic parameters of the materials are calibrated and validated.
2.1.2 Power delay profile and RMS delay spread
As shown in Fig. 2, the illustrative characterization on power delay profile (PDP) has been provided for HST tunnel scenario. The delays of MPCs in the tunnel scenario are too small to be distinguished even though it is identified that MPCs extensively exist in the railway tunnel as illustrated. 

[image: ]
Fig. 2. Illustration of PDP in Tunnel scenario.
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Fig. 3. Illustration of multipath propagation traced by ray-tracing simulator.

The root-mean-square (RMS) delay spread is one of the most important characteristics for the delay time extent of a multipath channel. Based on the ray-tracing-based simulation, Fig. 4 demonstrates the cumulative distribution functions (CDFs) of the RMS delay spreads στ, and accordingly the normal distribution-based fitting curves, of which the mean values and the standard deviations (STDs) are given in Table 4. 
It can be observed that RMS delay spread in the tunnel scenario is small, compared with other widely used TDL model. This is also because MPCs are constrained by the tunnel shape as explained for PDP characteristics. Besides, the arrival time of MPCs is closer in tunnel than that in other open space scenario. 
[image: ]
Fig. 4. RMS Delay spread in Tunnel scenario.

Table 2. Statistical parameters of RMS delay spread
	Scenario
	[ns]
	[ns]

	Tunnel
	1.81
	0.63



Observation 1: The initial ray-tracing simulation results for tunnel deployment is provided, which indicates RMS delay spread in the tunnel scenario is small, compared with other widely used TDL models. 
2.1.3 Angular spread
The RMS angular spreads in tunnel deployment scenario are shown in Fig. 5 and the mean values and the STDs are summarized in Table 3 accordingly. ASA, ASD, ESA, ESD are the terms used to represent the angular spreads of the azimuth angle of arrival, the azimuth angle of departure, the elevation angle of arrival and elevation angle of departure, respectively. 
The heights of the transmitter and receiver are comparable, and thus the objects are more diverse in the horizontal plane than elevation plane, and the azimuth angular spreads are significantly larger than the elevation angular spreads.
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(a) ASA
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(b) ESA
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(c) ASD
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(d) ESD



Fig. 5. CDF of Angular spread in HST scenarios of tunnel scenario: (a) ASA; (b) ESA; (c) ASD; (d) ESD.

Table 3. Extracted parameters for the Angular Spread
	Scenario
	Angular Spread

	Tunnel
	ASA [°]
	ESA [°]

	
	

	

	

	


	
	78.62
	76.00
	10.47
	8.56

	
	ASD [°]
	ESD [°]

	
	

	

	

	


	
	32.76
	43.63
	4.29
	3.26



Observation 2: For the angular spread results, the initial ray-tracing simulation results for tunnel deployment demonstrate the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective. 

As mentioned above, because there is very limited gap between two RAN4 meetings, more simulation work is expected for future study based on the agreed tunnel dimension. Furthermore, FR2 analog beamforming may further impact the RT evaluation results, which has not yet been considered yet. 

2.2 Mobility issue for tunnel scenario
In last RAN4 meeting, it is agreed in WF[4] that ”RAN4 to discuss the mobility issue when the train is travelling in the direction opposite to the serving beam orientation, especially, in the case when RRH are close to the track, i.e., in tunnel deployments.” 
Based on our understanding, the identified issue comes from the particular configuration/assumption used in system level simualtion: the L3 handover and L1 beam mobility are not optimized for the condition to trigger the handover or beam switching. More evaluation is encouraged to study more, especially with more simulation data considering the special handover/beam switching condition for this scenario. 
Observation 3: The identified mobility issue for HST travel opposite to the serving beam orientation could be caused by the particular configuration/assumption used in system level simualtion: The L3 handover and L1 beam mobility are not optimized for the condition to trigger the handover or beam switching. 
3. Conclusion
In this contribution, we provided our viewpoints on the RF requirements for reference tunnel deployment and UL timing adjustment solution for FR2 HST enhancement for this work item, accordingly the following observations are obtained: 

Observation 1: The initial ray-tracing simulation results for tunnel deployment is provided, which indicates RMS delay spread in the tunnel scenario is small, compared with other widely used TDL models. 
Observation 2: For the angular spread results, the initial ray-tracing simulation results for tunnel deployment demonstrate the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective. 
Observation 3: The identified mobility issue for HST travel opposite to the serving beam orientation could be caused by the particular configuration/assumption used in system level simualtion: The L3 handover and L1 beam mobility are not optimized for the condition to trigger the handover or beam switching. 
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