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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]


Over past two RAN4 meetings (RAN4#105, and #106), the WFs on tunnel deployment have been approved as [5] and [6], with the following WF and agreements obtained: 
	WF obtained in R4-2220396
General assumption for tunnel deployment
Agreement:
· For tunnel deployment scenario
· Scenario #1: single-panel reception UE and DPS transmission scheme 
· FFS whether to consider additional scenarios 

Key parameters for tunnel deployment
Agreement:
Consider the key parameters below as baseline assumption for tunnel deployment feasibility study:
· Ds: the distance separation between two neighboring RRH sites:
· Ds = 700m 
· Dmin: the minimum distance between RRH site and train track:
· Dmin = 1m
· DRRH_height: determined/limited by tunnel height and RRH deployment method:
· Priority scenario: DRRH_height = 5.3m, for single track tunnel (Option 1 for tunnel dimension in R4-2217254)
· DRRH_height is in the range of [5.3m, 7.4m] for two-track tunnel (Option 2 for tunnel dimension in R4-2217254)

· gNB RRH and antenna panel element assumption:
· from 1 to 4 RRHs per BBU

Reference channel model for tunnel scenario
Way forward:
Further analyse the channel model for tunnel scenario:
· Option 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS)
· Option 2: Use LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment
· Option 3: Use multi-path fading model (e.g., with up to 2nd order multi-path components)
· Take int account measurement and ray-tracing analysis. 
· Option 4: Consider NLOS propagation condition when UE is around the RRH within 50m range for two directions.
· Other options are not precluded

Mobility issue for tunnel scenario
Way forward:
Further discuss possible solutions to the mobility issue when the train is travelling opposite to the serving beam orientation:
· Option 1: L3 handover and L1 beam mobility configurations
· Option 2: Solutions that allow network to trigger early handover
· Option 3: Method in which UE initiates TCI state switch
· Other options are not precluded
FFS, the large and rapid RSRP degradation for tunnel scenario when multi-path fading and NLOS conditions next to RRH are considered.

WF obtained in R4-2303174
Way forwards on FR2 HST tunnel deployment scenario are provided as: 
Topic-1: Deployment scenarios
Agreement
· Sceanrio#2: Two-panel simultaneous reception scenario and analysis of corresponding transmission schemes in tunnel deployment has lower priority
Way forward: 
· FFS: feasibility of uni- and bi-directional RRH deployments in Sceanario#1 (single-panel reception UE and DPS transition schemes)
· FFS: deployment assumption at the exit/entrance of the tunnel

Topic-2: Channel model
Agreement
· Only consider LoS propagation conditions
Way forward:
· FFS: whether RRM session to decide propagation conditions which can be used for demodulation performance requirements:
· Option 1: Reuse FR2 HST channel model in TS38.101-4 and TS38.104.
· Option 2: Consider multi-path fading model (e.g., with up to 2nd order multi-path components)
· Other options are not precluded

Topic-3: Mobility issue
Agreement
· Mobility issue at HO/beam switch when CPE is travelling in the direction opposite to the serving beam is observed due to the sharp drop of the signal strength at the edge of the beam next to the RRH.
Way forward:
· Consider possible solutions to the mobility issue:
· Option 2: Solutions that allow network to trigger early handover
· Option 2a: Enabling CHO with special settings next to the RRH
· Option 3: Method in which UE initiates TCI state switch as advanced capability
· Option 4: Define the beam allocation regions
· Option 5: No need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation
· Other options are not precluded
· Clarify the standardization impacts of proposed solutions



In this contribution, we would like to share our further viewpoints on tunnel deployment related issues. 
2. Study on Channel Modeling for Tunnel Deployment
2.1 Ray-Tracing-based Channel Modelling
In this contribution, 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 scenario for DRRH_height = 5.3m, for single track tunnel. 

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.

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



2.1.1 Evaluation on Pathloss for Tunnel Deployment
Fig. 1 compares the pathloss trends between these two scenarios. It is demonstrated that the pathloss characteristics in the urban open space and tunnel scenarios are almost the same in most locations. However, the pathloss trends of two scenarios diverge as the transceivers get closer, that is, pathloss in the urban scenario becomes much larger than the counterpart in tunnel scenario. Particularly, when Rx moves to the location beneath the Tx point, the pathloss difference can reach over 20 dB. This can be explained by the narrow shape of tunnel resulting in positive accumulation of multipath components (MPCs).
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Fig. 1. Pathloss in HST scenarios: Urban open space scenario (left); Tunnel scenario (right).

Observation 1: Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of mmWave panel rather than leaky cable used for FR2 deployment. 
2.1.2 Evaluation on Angular spread for Tunnel Deployment
The RMS angular spreads in tunnel and urban open space deployment scenario are shown in Fig. 2. ASA, ASD, ESA, ESD are the terms used to represent the angular spreads of the azimuth angle of arrival (to UE), the azimuth angle of departure (from gNB RRH), the elevation angle of arrival (to UE) and elevation angle of departure (from gNB RRH), respectively. 
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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. 2. CDF of Angular spread in HST scenarios of urban open space and tunnel scenarios: (a) ASA; (b) ESA; (c) ASD; (d) ESD.

For FR2 HST deployment in tunnel scenario, because the heights of the transmitter and receiver are comparable (i.e., DRRH_height = 5.3m and DUE_height= 5m), 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. Accordingly, the below observation can be obtained. 

Observation 2: By assuming omni-directional antenna for ray-tracing based channel fading evaluation, 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. 
By comparing the HST channel fading results of urban open space and tunnel scenarios, the angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario, if omni-directional antenna is considered.  

Observation 3: The angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
2.2 Tunnel Deployment Scenario
In RAN4#105, the WF [5] has been approved, by prioritizing single-panel reception UE and DPS transmission scheme, and furthermore the WF [6] has been approved in which the Scenario#2 (Two-panel simultaneous reception scenario) and the analysis of corresponding transmission schemes in tunnel deployment will be treated with “low priority”. 

For uni- and bi-directional RRH deployments in Sceanario#1 (single-panel reception UE and DPS transition schemes), the deployment shall be similar to Rel-17 uni-directional and bi-directional RRH deployment for open space deployment (by assuming single RX panel reception) except the Dmin parameters used in the channel model: 
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Fig 3: Uni-directional and bi-directional deployment of FR2 HST-DPS for Rel-17 open space scenario

Proposal 1: Based on the observations from RT-based channel modeling, both uni-directional and bi-directional deployments in Scenario #1 (single-panel reception UE and DPS transmission schemes) for tunnel deployment shall be similar to open space case, and can be regarded as feasible. 
2.3 Channel Model for Tunnel Deployment
For the channel model for tunnel deployment, the following agreements achieved in last meeting: 
	Topic-2: Channel model
Agreement
· Only consider LoS propagation conditions
Way forward:
· FFS: whether RRM session to decide propagation conditions which can be used for demodulation performance requirements:
· Option 1: Reuse FR2 HST channel model in TS38.101-4 and TS38.104.
· Option 2: Consider multi-path fading model (e.g., with up to 2nd order multi-path components)
· Other options are not precluded



Based on the above analysis, we can expect that if the analog beamforming is applied, the observed channel will be more “single-tap-alike”. Therefore we expect the Rel-17 introduced FR2 HST channel model in TS38.101-4 and TS38.104 can be reused for FR2 HST tunnel deployment scenario, and the only difference can be the value of Ds and Dmin. 

Proposal 2: The Rel-17 introduced FR2 HST channel model in TS38.101-4 and TS38.104 can be reused for FR2 HST tunnel deployment scenario: 
· FFS the Ds and Dmin values for tunnel deployment, to be used in bi-directional and uni-directional channel profiles reused from TS38.101-4 and TS38.104. 

3. Mobility issue for tunnel scenario
In last RAN4 meeting, it is agreed that the mobility issue at HO/beam switch when CPE is travelling in the direction opposite to the serving beam is observed due to the sharp drop of the signal strength at the edge of the beam next to the RRH. 
	Agreement
· Mobility issue at HO/beam switch when CPE is travelling in the direction opposite to the serving beam is observed due to the sharp drop of the signal strength at the edge of the beam next to the RRH.
Way forward:
· Consider possible solutions to the mobility issue:
· Option 2: Solutions that allow network to trigger early handover
· Option 2a: Enabling CHO with special settings next to the RRH
· Option 3: Method in which UE initiates TCI state switch as advanced capability
· Option 4: Define the beam allocation regions
· Option 5: No need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation
· Other options are not precluded
· Clarify the standardization impacts of proposed solutions



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. In the existing L3 handover and L1 beam management mechanism, NW is allowed to configure a more optimized condition to trigger the handover or beam switching.  
Proposal 3: The Rel-18 FR2 HST enhancement, no need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation.
4. Conclusion
In this contribution, we provided our viewpoints on the RF requirements for reference tunnel deployment for FR2 HST enhancement for this work item, accordingly the following observations and proposals are obtained: 

Observation 1: Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of mmWave panel rather than leaky cable used for FR2 deployment. 
Observation 2: By assuming omni-directional antenna for ray-tracing based channel fading evaluation, 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 angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
Proposal 1: Based on the observations from RT-based channel modeling, both uni-directional and bi-directional deployments in Scenario #1 (single-panel reception UE and DPS transmission schemes) for tunnel deployment shall be similar to open space case, and can be regarded as feasible. 
Proposal 2: The Rel-17 introduced FR2 HST channel model in TS38.101-4 and TS38.104 can be reused for FR2 HST tunnel deployment scenario: 
· FFS the Ds and Dmin values for tunnel deployment, to be used in bi-directional and uni-directional channel profiles reused from TS38.101-4 and TS38.104. 
Proposal 3: The Rel-18 FR2 HST enhancement, no need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation.
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