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[bookmark: _Toc116995841]Introduction
At RAN4#108 the discussion of the need for the requirements for tunnel scenario has continued both for the UE and BS UE demodulation requirements, as captured in the WF [1]. In this paper we further elaborate on this topics and conclude that new requirements may not be needed for the tunnel deployment.
The discussion of propagation conditions for HST FR2 Tunnel deployment can be found in our accompanying paper [2].

[bookmark: _Toc116995842]Discussion

UE demodulation requirements
A number of possible options regarding the definition of UE demodulation requirements in the tunnel were listed at the previous meeting RAN4#108 [1]:
	Issue 4-1-1: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.
· Option 3
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario. If no meaningful difference in between open space and tunnel deployments is indicated, no new tunnel propagation conditions need to be introduced and conformance can be concluded based on open-space requirements, e.g., in HST FR2 Scenario A with two-panel reception.
· Option 4 
· If PDSCH requirements with DPS transmission scheme is introduced, the DPS 1a and 1b can be considered for Uni-directional and Bi-directional scenario, separately


Based on the analysis of propagation conditions in the tunnel from our accompanying paper [2], we can conclude that the channel model in the tunnel wither captures similar effect that are already present in the open-space model or is less challenging the corresponding open-space conditions.
In order to check the impact of tunnel deployment parameters on demodulation performance, we adjusted uni-directional model introduced in Appendix B3.4 of TS 38.101-4:
· Dmin = 1m (instead of 10 m for open space Scenario-A)
· Ds_offset = 10 m (default) and 5 m (new)
The resulting Doppler shift trajectories are demonstrated in Figure 1.
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[bookmark: _Ref131788766]Figure 1: Doppler shift trajectories for uni-directional model in open space (Sceanrio-A) and in the tunnel.

As it can be seen from Figure 1, 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.
Uni-directional channel profile is representative because it demonstrates the demodulation pefromance per panel, i.e., either in uni-directional deployments or also in bi-directional deployments when simultaneous two-panel reception is used.
PDSCH link level simulations that were carried out follow the parameters agreed in Rel-17 [3]. Results from Table 1 confirm that as all three uni-directional scenarios (open-space, tunnel with Ds_offset = 10m and 5m) demonstrate the same PDSCH demodulation performance.

[bookmark: _Ref146281394]Table 1: Comparison of PDSCH Demodulation performance for uni-directional model in Open space and in the Tunnel.
	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][bookmark: _Toc146283032]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 Scenario-A.

We cannot expect that it will be PC6 devices designed specifically for the use inside the tunnel, i.e., all the devices shall support both open space and tunnel deployments. Therefore, if the test in open space is passed we cannot expect that the performance we degrade in the tunnel, at least in the propagation conditions that are currently under discussion.
[bookmark: _Toc146283033]For currently discussed open-space and tunnel channel conditions, the demodulation performance in the tunnel cannot be expected to be lower than in the open space.

[bookmark: _Toc146283034]There is no need to define new requirements on UE Demodulation performance in the tunnel in addition to the existing Rel-17 and Rel-18 open-space requirements.

BS demodulation requirements
A number of possible options regarding the definition of BS demodulation requirements in the tunnel were listed at the previous meeting RAN4#108 [1]:
	Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1 
· BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· If PUSCH requirement is introduced, single set requirement for PUSCH in tunnel scenario based on Bi-directional scenario in the tunnel scenario could be considered
· Option 3 
· RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
· Option 4 
· If found to be needed, introduce single set requirement for PUSCH in tunnel scenario based on uni-directional scenario with tunnel-specific parameters.



Already in Rel-17 we have observed, that BS demodulation performance in different propagation conditions was the same, i.e., in uni-directional and bi-directional deployments [4]. Only the number of additional DM-RS symbols had an impact. Therefore, it was decided to introduce only single set of requirements for BS Demod.
In general, the UL behaviour of in Rel-18 is not different from the UL behaviour in Rel-17. Moreover, as we discuss in [2]:
· Bi-directional channel/Doppler profile does not introduce any new aspect to the open-space model
· Uni-directional channel/Doppler is very close to AWGN with fixed frequency offset.
[bookmark: _Toc146283035]Tunnel channel profiles that are under discussion do not introduce new aspects or more channelling propagation conditions in comparison to open-space scenario.

[bookmark: _Toc146283036]There is no need to define new requirements on BS Demodulation performance in the tunnel.


[bookmark: _Toc116995848]Conclusion
In this paper we discuss a need for new UE and BS demodulation performance requirements in HST FR2 tunnel deployments.

The following Observations and Proposals were made:

Observation 1: 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 Scenario-A.
Observation 2: In the currently discussed open-space and tunnel channel conditions, the demodulation performance in the tunnel cannot be expected to be lower than in the open space.
Proposal 1: There is no need to define new requirements on UE Demodulation performance in the tunnel in addition to the existing Rel-17 and Rel-18 open-space requirements.
Observation 3: Tunnel channel profiles that are under discussion do not introduce new aspects or more channelling propagation conditions in comparison to open-space scenario.
Proposal 2: There is no need to define new requirements on BS Demodulation performance in the tunnel.
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