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1. Introduction
In the last RAN4 meeting, the deployment, test scenario, channel model and test scope for demodulation requirements were under discussion. The related agreements were captured in the WF [1]. 
Regarding the deployment, channel model for tunnel scenario, the following agreement are made as 
	· Deployment for Demodulation requirements in Tunnel scenario
· Deployment in Tunnel Scenario
· Prioritized the UE receives signals with single-panel reception assumption with HST-DPS for Uni-directional deployment scenario as a starting point for initial performance evaluation in tunnel scenario deployment
· Bi-directional deployment scenarios are not precluded for initial performance evaluation conditioned on the feasibility study from RRM session
· RRH parameters for Channel Model in tunnel scenario
· Aligned with RRM assumption for tunnel scenario deployment initial study, RAN4 use the following RRH parameters for channel modelling in the tunnel deployment scenario
· Ds=700m
· Dmin=1m
· Take Ds_offset =5m for Uni-directional scenario as baseline
· Other value of Ds_offset is not precluded
· Channel Model for demodulation requirement in Tunnel scenario 
· For UE demod
· FFS
· Option 1: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by


	Parameter
	Value

	
	TBD

	

	350 km/h

	
_max
	9722 Hz


· Option 2: Considering alternative scenario with train moving in the same direction with serving beam. 
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by


	Parameter
	Value

	
	TBD

	

	350 km/h

	

	9722 Hz



· Other options are not precluded
· Interested companies can provide the detail modelling 



In this contribution, the view on channel modeling for demodulation requirement for FR2 HST scenario in tunnel scenario is provided.  
2	Discussion
2.1	Channel Model for UE demodulation in tunnel scenario
As agreed in RRM session, only LoS propagation conditions is considered for channel model in tunnel scenario. It is also agreed to apply the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment as baseline. Meanwhile, Dmin and Ds agreed in the RRM session can be used for reference for channel modes discussion in the Demod session. Therefore, the channel model for tunnel scenario can be referred in open space scenario in scenario-A and scenario B for single-panel reception with DPS transmission schemes as following,
Uni-directional scenario 
Regarding the channel model in the un-directional, there are two options considered, the only different is the UE moving direction, whether it is toward to the beam direction or not. 
· Option 1




	Parameter
	Value

	
	TBD

	
	700 m

	
	[5m]

	
	1 m

	
	350 km/h

	
	9722 Hz



The related doppler shift trajectory is provided as 

[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 1 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)
· Option 2
· If the start point at Ds_offset 
· 




· If the start point at -Ds_offset 



The related doppler shift trajectory are provided as, respectively
[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 2 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (Ds_offset)
[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 3 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)

Observation 1: Minor change for doppler frequency in tunnel scenario with unidirectional scenario regardless the UE moving direction.
From demodulation requirement aspect, there is no difference between two options.  Then, we prefer to reuse the existing channel model in RAN4 spec 38.101-4 for UE demodulation requirement study in tunnel scenario. 
Propose 1: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset. 
Uni-directional scenario 



	Parameter
	Value

	
	TBD

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	9722 Hz



Other options
Based on our company paper study, if the analog beamforming is applied, the observed channel will be more “single-tap-like”. Although it is possible that multi-path component existing in the fading channel, while we think the RMS delay spread is very small. Meanwhile, there is no clear modeling for the 2nd -tap with including the delay and power. Therefore, we do not think it is necessary to consider multi-path fading for requirement.
As for the new channel for UE with different location, from baseband processing aspect, there is no different foreseen. Meanwhile, how can differentiate the UE processing with different channel behavior. Therefore, we don’t think it is necessary to introduce new channel model (multi-tap) when UE is in close proximity of RRH. So, we prefer to apply the same channel model for requirement in tunnel scenario when UE is in side of tunnel, no differentiate the channel pending on the UE location.
Proposal 2: No new channel model (multi-tap) is needed pending on UE location with faraway or closed 
Proposal 3: Not consider multipath fading channel for demodulation performance  

2.2	Channel Model for BS demodulation in tunnel scenario
Different with downlink, regardless the deployment or transmission scheme, only single tap is available for each RRH, since there is no multiple RRH combination assumption. 
In FR1 HST, both open space and tunnel space channel model were introduced with single tap channel as
	

, 	


, 


, 



With different Dmin as 150ms for open space, and 2 ms for tunnel scenario.
During Rel-17 FR2 discussion, different channel models with covering Uni-directional and Bi-directional scenario were agreed,
	· Channel Model for Uni-directional RRH deployment



                                 0  

	Scenario
	Cell radius (m)
	Ds_offset

	Scenario A (Ds =700m, Dmin =10m)
	700
	10m

	Scenario B (Ds=700m, Dmin=150m)
	716
	100m



· Channel Model for Bi-directional RRH deployment








For performance requirement definition, as agreed, only one set of requirements was defined based on Bi-directional scenario-B model. 
For tunnel scenario in FR2, since the uni-directional scenario is prioritized for initial performance evaluation, we think the similar channel model can be used with updated the Dmin to align with the deployment scenario, 
Proposal 4: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset


	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz




3	Conclusion
In this contribution, the view on channel modeling of FR2 HST demodulation requirement in tunnel scenario is provided.
Observation 1: Minor change for doppler frequency in tunnel scenario with unidirectional scenario regardless the UE moving direction.
Proposal 1: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset. 
Uni-directional scenario 



	Parameter
	Value

	
	TBD

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	9722 Hz



Proposal 2: No new channel model (multi-tap) is needed pending on UE location with faraway or closed 
Proposal 3: Not consider multipath fading channel for demodulation performance  
Proposal 4: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset


	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz
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