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[bookmark: _Toc116995841]Introduction
At RAN4#106bis-e meeting a first discussion for HST FR2 Demodulation requirements in tunnel deployment took place. The focus was on deployment and channel model options for demodulation requirements. The question on whether to define BS/UE demodulation requirements for tunnel deployment scenario was also arisen. The outcomes are summarized in the WF [1].
In this contribution, we will further discuss possible deployments and channel model for demodulation requirements. We also share our view on whether new BS/UE demodulation requirements for tunnel deployment scenario are needed.

[bookmark: _Toc116995842]Discussion
On deployment for demodulation requirements in tunnel scenario
At RAN4#106bis-e the following WF was captured regarding deployment for demodulation requirements in tunnel scenario [1]:
	Issue 1-2-1: Deployment for Demodulation requirements in Tunnel Scenario
Way forward: 
· Only considering when CPE is fully inside tunnel as baseline 
· Option 1:
· Both uni- and bi-directional deployment scenarios are considered for FR2 HST-DPS performance requirement evaluation in tunnel channel. For uni-directional deployment, FR2 HST UE moves in the same direction as the RRH serving beam direction.
· Option 2 
· Use Uni-directional deployment for tunnel scenario for HST FR2
· Option 3
· RAN4 to agree additionally on the assumption for bi-directional deployment in the tunnel if simultaneous multi-panel reception is considered.
· Option 4
· FFS to define requirement based on evaluation of channel model for tunnel scenario 




We first note that HST FR2 RRM study agreed to consider both uni- and bi-directional deployments in tunnel scenario [2]. Hence, both uni- and bi-directional deployment scenarios can be considered for FR2 HST-DPS performance requirement evaluation in tunnel channel. 
It was demonstrated in RRM study for tunnel scenario that Uni-directional deployment when the UE moves in the same direction as the RRH serving beam direction can achieve reliable mobility performance, while the other case when the UE moves in the opposite direction as the RRH serving beam direction poses high mobility challenges. Thus, it makes sense to first consider the Uni-directional “Same” deployment for the FR2 HST-DPS performance requirement evaluation in tunnel. However, as discussion for solutions to resolve the mobility issues in the Uni-directional “Opposite” is ongoing in the RRM session, this deployment should not be excluded. We also note that bi-directional deployment will see the mobility issue at some point when the UE connects to the “opposite” beam.
[bookmark: _Toc135065007]The scenario where the UE is moving in the direction opposite to the serving beam orientation is much more challenging from the mobility point of view. Therefore, bi-directional deployment in the tunnel could be useful to address this issue.
[bookmark: _Toc135065008]RAN4 to consider both uni- and bi-directional deployments for the evaluation of FR2 HST-DPS performance requirement in the tunnel pending on the outcomes of RRM discussion.

On channel model for demodulation requirements in tunnel scenario
Regarding channel model for demodulation requirements in the tunnel scenario, the following agreements and FFS were captured 
	Agreement: 
For UE demod:
· Reuse the channel model in RAN4 spec 38.101-4, i.e., single path with LOS propagation, for performance requirements study of FR2 HST-DPS in tunnel deployment as baseline 
· FFS on new channel model is needed for Bi-directional deployment in tunnel scenario 
· FFS on new channel model (multi-tap) is needed pending on UE location with faraway or close around RRH
· FFS on consider multipath fading channel for demodulation performance study
For BS demod: FFS with below candidate options
· Extend existing FR1 channel model (geometry-Ds and Dmin and speed) scenario 3 (tunnel space) in RAN4 spec 38.104 
· Reuse FR2 Rel-17 38.104 single path with LOS propagation channel model with necessary update if identified
· Multipath fading channel 



Due to waveguide-like environment, the scattering and reflection would be expected in the small-scale fading channel model for the tunnel scenario, suggesting a multi-path channel model. Sources of reflection and scattering are mainly from train body and tunnel surface, i.e., walls, ground, and ceiling. In general, the contribution of multi-path components (MPCs) to the received signal could be significant due the fact that there are significant number of reflected signals coming to the receiver from different AoAs/AoDs at the same time instance. However, the delay spread could be small and the excess delay between different orders of MPCs cannot be separable due to the narrow space of the tunnel.
An example of multi-path propagations in tunnel scenario is shown in Figure 1 for the view from the top. Therein, Dmin=1 is assumed, and reflections from the ceiling and ground are not shown for simplicity. The reflections include specular and diffuse reflected components due to the roughness of the surface as illustrated in Figure 2. 


[bookmark: _Ref118627237][bookmark: _Hlk118627126][bookmark: _Ref118715710]Figure 1. Example for multi-path propagations in tunnel scenario (top view)


[bookmark: _Ref118750838]Figure 2. Types of reflections
The first and most significant multi-path component (MPC) comes from the reflections from the train roof Figure 1-(2) as the reflection surface is smooth and next to CPE (i.e., smallest delay). Moreover, metals have high reflection coefficients, i.e., reflection loss is less than that from rough tunnel surfaces. Since path (2) has almost similar propagation distance with the LoS path (1), the delay of (2) relative to (1) is negligible w.r.t. the sample duration.
The second order MPCs come from the first-order reflections from the tunnel surfaces including the specular Figure 1-(3) and diffuse (4) reflections. The contribution of the first-order reflection paths in the total received signal strength might be considerable as reflection loss occurs once while there are multiple reflection paths coming from multiple direction. On the other hand, the excess delay of the first-order reflections should also be small due to insignificant difference in propagation distance compared to the LoS. 
For the higher-order MPCs, the excess delay could be higher, but the contribution to the total received power is challenging to analyze as more power is lost due to the multiple reflections and longer propagation distance. The reflection loss depends on many factors, e.g., angle of incident, surface materials and roughness, etc. 
Ray tracing (RT) channel modeling in [3] demonstrated that MPCs extensively exist in the railway tunnel, but the delay between MPCs may not be distinguishable, i.e., the RMS delay spread in tunnel small with mean and standard deviation to be 1.83ns and 0.63ns, respectively.
[bookmark: _Toc118749410][bookmark: _Toc135065009]The contribution of multi-path components (MPCs) to the received signal might be significant (e.g., up to 2nd order). The delay spread could be small and the excess delay between different order of MPCs might not be separable.
As also noticed from RT simulations [3][4], the CDFs of angular spread (e.g., AoD/AoA) concentrated in few angles which is expected for the channel in the tunnel due to the waveguiding effect. Maximum AoD/AoA are bigger compared to the urban channel.
[bookmark: _Toc135065010]Per ray tracing simulation result, AoD/AoA concentrated in few angular directions, and maximum AoD/AoA are bigger compared to the urban channel.
The effect of the multi-path channel is expected to be more significant when the train is nearby the source RRH. This is because, compared to the case when the train is far from the RRH, the difference in travelling distance between NLoS and LoS paths are much longer as can be seen in Figure 3, where it is shown that the departure angle between NLoS and LoS at the antenna panel is larger when the train is closer to the RRH in general. Furthermore, the power contributed by NLoS paths when the train is close to the RRH is also stronger as travelling distance is shorter compared to NLoS paths of the further train position.


[bookmark: _Ref135043631]Figure 3. Example illustration of LoS and NLoS paths regarding to different position of the UE (plan view)
[bookmark: _Toc135065011]The effect of the multi-path channel is expected to be more significant when the train is nearby the source RRH
[bookmark: _Toc118749412][bookmark: _Toc135065012]RAN 4 to discuss further muti-path fading model (e.g., 2-tap multi-path components).
Different to open space channel, the diffuse reflections/scattering in tunnel probably cause NLoS channel condition at the area under the RRHs. The RT simulation in [4] also observed pathloss components beneath the RRH. For uni-directional deployment, the impact of the NLoS area under RRH may be limited as stronger NLoS paths seems to be experienced by the inactive panel, while the duration that the CPE stays under the RRH is relatively short. However, bi-directional deployment may see stronger impact on the performance because such NLoS paths may bring higher interference power.


[bookmark: _Ref118629483]Figure 4. Illustration of NLoS channel under the RRH (plan view)
[bookmark: _Toc118749411][bookmark: _Toc135065013]NLoS channel condition under the RRH may exist, and bi-directional deployment may see stronger impact on the performance because such NLoS paths may bring higher interference power.
[bookmark: _Toc135065014]RAN4 to consider the NLoS channel condition under the RRH for performance evaluation in tunnel bi-directional deployment.

On defining Demodulation requirements for tunnel deployment scenario 
RAN4#106bis-e discussion also raised a question on whether new demodulation requirements are needed for tunnel deployment scenarios, which was captured in the WF [1]
	Issue 4-1-1: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1: RAN4 discuss whether to define BS demodulation requirements for the tunnel deployment scenario based on the simulation results. If RAN4 study the new channel model, it should be differentiated from the exiting tunnel model: Scenario 3-NR350/500.
· Option 2: BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced 
· Option 3: Introduce BS demodulation requirements for tunnel scenario

Issue 4-1-2: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· [bookmark: _Hlk132942302]Option 1: RAN4 discuss whether to define UE demodulation requirements for the tunnel deployment scenario based on the simulation results.
· Option 2: UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced,
· Option 2a 
· When UE is little far away from the RRH, no new channel model and new demodulation requirements needed.
· Only when UE is around the RRH, new demodulation requirements with multi-path fading model can be considered.
· Option 3: Introduce the UE demodulation requirements with DPS transmission scheme with 1a and 1b for tunnel scenario, FFS on Uni-directional or Bi-directional RRH deployment.

Issue 4-1-3: Simulation Assumption for requirement definition
Way forward: 
· Reuse the evaluation parameters related throughput performance requirements defined for FR2 HST-DPS in open space scenario for the tunnel deployment if different values cannot be justified.
· FFS on channel model used



As analyzed in our previous paper [5], the switching transmission point in tunnel scenario may be similar or a little closer to the source/target RRH compared to Scenario A, i.e., Ds_offset = 5 to 10 meters. With small Dmin, the resulted Doppler shift trajectories assuming the same channel model as in open space scenario are illustrated in Figure 5, which shows that the Doppler channel profile is getting even less challenging than in the open-space scenario. 
[image: ]
[bookmark: _Ref131788766]Figure 5: Doppler shift trajectories for uni-directional model in open space (Sceanrio-A) and in the tunnel.
[bookmark: _Toc135065015]If the same channel model as in open space scenario is considered in the tunnel deployment, then the Doppler channel profile in tunnel is getting even less challenging than that in the open space.
This means if new channel model would not be introduced for the tunnel scenario, then new demodulation requirements are not needed since the requirements for Scenario A, which were defined for more challenging Doppler channel profile, are sufficient to cover the tunnel deployment.
[bookmark: _Toc135065016]RAN4 to define new demodulation requirements for tunnel deployment scenario only if a new channel model in the tunnel is introduced.

[bookmark: _Toc116995848]Conclusion
In this contribution we discuss deployment assumptions, channel model, and the need for demodulation requirements for tunnel deployment in HST FR2. 
In the paper, the following Observations and Proposals were made:
Observation 1: The scenario where the UE is moving in the direction opposite to the serving beam orientation is much more challenging from the mobility point of view. Therefore, bi-directional deployment in the tunnel could be useful to address this issue.
Proposal 1: RAN4 to consider both uni- and bi-directional deployments for the evaluation of FR2 HST-DPS performance requirement in the tunnel pending on the outcomes of RRM discussion.
Observation 2: The contribution of multi-path components (MPCs) to the received signal might be significant (e.g., up to 2nd order). The delay spread could be small and the excess delay between different order of MPCs might not be separable.
Observation 3: Per ray tracing simulation result, AoD/AoA concentrated in few angular directions, and maximum AoD/AoA are bigger compared to the urban channel.
Observation 4: The effect of the multi-path channel is expected to be more significant when the train is nearby the source RRH
Proposal 2: RAN 4 to discuss further muti-path fading model (e.g., 2-tap multi-path components).
Observation 5: NLoS channel condition under the RRH may exist, and bi-directional deployment may see stronger impact on the performance because such NLoS paths may bring higher interference power.
Proposal 3: RAN4 to consider the NLoS channel condition under the RRH for performance evaluation in tunnel bi-directional deployment.
Observation 6: If the same channel model as in open space scenario is considered in the tunnel deployment, then the Doppler channel profile in tunnel is getting even less challenging than that in the open space.
Proposal 4: RAN4 to define new demodulation requirements for tunnel deployment scenario only if a new channel model in the tunnel is introduced.
[bookmark: _Toc116995849]
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