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[bookmark: _Toc116995841]Introduction
The study of HT FR2 deployment in the tunnel is one of the objectives of the Rel-18 NR_HST_FR2_enh WI [1]:
	· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]

· Specify the other necessary RRM and demodulation performance requirements depending on the outcome of core part.



In this paper we discuss what could be the difference in propagation conditions inside the tunnel and in open space.
Additionally, we present the initial result of link-level simulations inside the tunnel for PDSCH.

[bookmark: _Toc116995842]Discussion
The main deployment parameters of the tunnel deployment were agreed at RAN4#105 meeting as follows [2]:
	2. 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



Additionally, at RAN4#106 and RAN#106 the deployment and transmission schemes were discussed [2], [3]:
	RAN4#105:
1.1 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 

RAN4#106:
1. Deployment scenarios
Agreement:
· Sceanrio#2: Two-panel simultaneous reception scenario and analysis of corresponding transmission schemes in tunnel deployment has lower priority
1. Channel model
Agreement:
· Only consider LoS propagation conditions



Based on the agreements above, the starting point of the tunnel study should be single-panel reception UE, DPS transmission scheme and LoS propagation conditions.
[bookmark: _Toc131789587]The starting point of the Demodulation performance study in the tunnel deployment is single panel receptions, LoS and DPS transmission scheme.
On the other hand, it is still unclear whether bi-directional deployments will be used in the tunnel. Based on RRM discussions, simultaneous two-panel can be still used even though they are considered with lower priority. Therefore, assumptions on bi-directional deployment in the tunnel needs to be made clear which will pay a way for further studies.
[bookmark: _Toc131789588]RAN4 to agree additionally on the assumption for bi-directional deployment in the tunnel if simultaneous multi-panel reception is considered.

On channel models inside the tunnel
On multi-tap channel model
[bookmark: _Hlk131753312]Towards a relevel channel model for evaluating the Demod requirement, the first question needs to be clarified is whether single-tap or multi-tap channel model should be adopted.
Different to open space environment, the waveguide effect in the tunnel likely causes more scattering and reflection paths, which suggests that multi-path channel model might be more relevant for the small-scale fading channel model for the tunnel scenario. Sources of reflection and scattering are mainly from train body and tunnel surface, i.e., walls, ground, and ceiling. Note that the scattering and reflections are expected even with the use of beamforming. In fact, with 8x8 antenna array assumed in Rel-17 TR [3] the half-power beamwidth is 12.6 degrees meaning that the beamforming signals will reflect, for example, with the tunnel wall at roughly 50m as illustrated in Figure 1. The contribution of the reflection/scattering paths in the total received signal strength might be significant as they are more concentrated.

Assuming Dmin=1m, w=6m, HPBW=12.6 degrees




[bookmark: _Ref127357329]Figure 1. Example of reflection/scattering with the use of beamforming in the tunnel (top view)

[bookmark: _Toc131789589]The scattering and reflections are expected even with the use of beamforming inside the tunnel. The contribution of the reflection/scattering paths in the total received signal strength might be significant since they are more concentrated.
However, as analyzed in our previous paper [3], although the contribution of multi-path components (MPCs) to the received signal could be significant (i.e., due the fact that there are significant number of reflected signals coming to the receiver from different AoAs at the same time instance), the delay spread could be small and the excess delay between MPCs may not be separable since the narrow space of the tunnel probably makes the travelling distance of MPCs not much different. This was also confirmed by ray-tracing (RT) simulation conducted in [4], i.e., the MPCs extensively exist, the RMS delay spread is small, and the time of arrival of MPCs seems to be close to each other.
The angular spreads of the azimuth/elevation angles (i.e., ASA, ESA, ASD, ESD) were also studied by RT simulation in [5] and [6]. In general it is observed that azimuth angle spreads are wide. Compared to the open-space urban channel, the angular spreads of departure are wider, and the tunnel channel shows similar behaviors as urban channel to some extent. 
[bookmark: _Toc131789590]Analysis and ray-tracing simulation suggest that multi-path components (MPCs) exist in the tunnel, but the RMS delay spread may be small, wherease azimuth angle spreads are wide. Compared to the urban channel, the angular spreads of departure are wider, and the tunnel channel shows similar behaviour as the urban channel to some extent.
The observations, on one hand, suggests that it may be more relevant to consider the multi-tap channel model in the tunnel than in the open-space scenario because the significant MPCs have wide departure/arrival angular spread. For example a two-tap channel model would be feasible which takes in to account the LoS path and significant-delayed reflected paths. On the other hand, the small delay spread may imply that single-tap channel could still be used.
[bookmark: _Toc131789591]RAN4 to study whether multi-tap (e.g., two-tap) channel model should be used for link-level evaluations inside the tunnel.

On Ds_offset inside the tunnel
For the uni-directional models defined in UE and BS Demod the switching transmission point between adjacent RRHs (Ds_offset) is one of the model parameters. This values is fixed at 10m in outdoor deployments.
In the tunnel, the switching transmission point between adjacent RRHs in the tunnel scenario needs to be adjusted. Let’s recall DS_offset is the distance between UE and target RRH (when UE is moving away the serving beam); or the distance between UE and the serving RRH (when UE is moving toward the serving beam). It is expected that DS_offset in the tunnel scenario with uni-directional deployment is smaller than that in the open space.


Figure 2. Example of switching point when UE is moving away the serving beam.



Figure 3. Example of switching point when UE is moving toward the serving beam.
DS_offset could be inferred through, for example, the RSRP trace. Figure 4 and Figure 5 show the RSRP trace for both scenarios when UE is moving away/towards the serving beams, respectively. We can see that the target/serving RSRP jump/drop at the distance of 5m from the nearest RRH. Therefore, we may expect that the switching transmission point distance is DS_offset=5m. 
[image: ]
[bookmark: _Ref131759742]Figure 4. RSPR trance when UE is moving away from the serving beam.
[image: ]
[bookmark: _Ref131759745]Figure 5. RSRP trace when UE is moving toward the serving beam.

[bookmark: _Toc131789592]RAN4 to consider uni-directional channel model with the switching transmission point distance DS_offset=5m.

PUSCH simulation results inside the tunnel
In order to check preliminary the impact of new tunnel deployment parameters on demodulation performance, we adjusted uni-directional model introduced in Appendix B3.4 of TS 38.101-4 in the following way:
· Dmin = 1m (instead of 10 m)
· Ds_offset = 10 m (default) and 5 m (new)
The resulting Doppler shift trajectories are demonstrated in Figure 6.
[image: ]
[bookmark: _Ref131788766]Figure 6: Doppler shift trajectories for uni-directional model in open space (Sceanrio-A) and in the tunnel.

As it can be seen from Figure 6, if the same model is used as in Rel-17 with updated tunnel parameters, then the Doppler channel profile is getting even less challenging than in the open-space scenario.
PDSCH link level simulations that were carried out following the parameters agreed in Rel-17 [8] confirms that as all three uni-directional scenarios (open-space, tunnel with Ds_offset = 10m and 5m) demonstrate the same PUSCH demodulation performance:
	Scenario
	SNR at 30% pf max TPut (dB)
	SNR at 70% pf max TPut (dB)

	Scenario-A, open space
	3,63
	11,48

	Tunnel, Dmin = 10m, Ds_offset = 10m
	3,63
	11,48

	Tunnel, Dmin = 10m, Ds_offset = 10m
	3,63
	11,48



[bookmark: _Toc131789593]Rel-17 uni-directional channel models with parameters adapted to the tunnel deployment does not provide any impact on the PDSCH demodulation performance in comparison with open-space Sceanrio-A.

[bookmark: _Toc116995848]Conclusion
In this paper we discussed the new aspects of demodulation performance evaluation in respect to the tunnel deployment.
The following Observations and Proposals were made:
Observation 1: The starting point of the Demodulation performance study in the tunnel deployment is single panel receptions, LoS and DPS transmission scheme.
Proposal 1: RAN4 to agree additionally on the assumption for bi-directional deployment in the tunnel if simultaneous multi-panel reception is considered.
Observation 2: The scattering and reflections are expected even with the use of beamforming inside the tunnel. The contribution of the reflection/scattering paths in the total received signal strength might be significant since they are more concentrated.
Observation 3: Analysis and ray-tracing simulation suggest that multi-path components (MPCs) exist in the tunnel, but the RMS delay spread may be small, wherease azimuth angle spreads are wide. Compared to the urban channel, the angular spreads of departure are wider, and the tunnel channel shows similar behaviour as the urban channel to some extent.
Proposal 2: RAN4 to study whether multi-tap (e.g., two-tap) channel model should be used for link-level evaluations inside the tunnel.
Proposal 3: RAN4 to consider uni-directional channel model with the switching transmission point distance DS_offset=5m.
Observation 4: Rel-17 uni-directional channel models with parameters adapted to the tunnel deployment does not provide any impact on the PDSCH demodulation performance in comparison with open-space Sceanrio-A.
[bookmark: _Toc116995849]
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