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Introduction
In RAN4 #105, the following agreements [1] on tunnel deployment scenario for HST FR2 enhancement have been reached:
	Agreement:
· For tunnel deployment scenario
· Scenario #1: single-panel reception UE and DPS transmission scheme 
· FFS whether to consider additional scenarios 
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
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





In this paper we provide our view on the open issues on reference tunnel deployment scenarios and possible potential impact on demodulation performance requirements.
Discussion
Deployment scenario
According to the WID [2], the following objective includes the support of two-panel simultaneous reception for HST FR2 high power UE in tunnel deployment.
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception


From the above description, maximum 2 panel simultaneous reception is in the scope of the WI. We expect this can also be applied to FR2 HST tunnel scenario. Therefore, in addition to the agreed Scenario #1, i.e., single-panel based DPS transmission, we should also consider other scenario for two-panel simultaneous reception. The main advantage of supporting two-panel simultaneous reception is to achieve an increased DL throughput or reliability at the favorable channel condition. Moreover, we should also leverage the synergy of FR2 multi-Rx DL reception WI in RAN4 which can also provide good insights for FR2 HST UE two-panel simultaneous reception. To better understand/evaluate the potential benefits of two-panel simultaneous reception for FR2 HST UE in tunnel deployment, the detailed scenario in which the two-panel simultaneous reception can achieve enhanced performance should be defined. 
Proposal 1:	Define scenario for two-panel simultaneous reception for FR2 HST UE in tunnel deployment.
Since Rel-16, several DL multi-TRP transmission schemes have been specified to enhance throughput/data rate (NCJT with multi-DCI and single-DCI SDM scheme) or reliability (TDM or FDM based repetition from different TRPs). In Rel-16 RAN4 has introduced demodulation performance requirements for multi- and single-DCI based SDM Tx scheme. These schemes should be used as starting point for further discussion on performance requirements of FR2 HST UE in tunnel deployment for multi-TRP Tx schemes. 
For SFN based multi-TRP transmission in FR2 HST scenario, the received signals of two Rx panels aiming at different TRPs should experience quite small mutual-interference, consequently SFN based transmission can improve the communication reliability without causing additional UE channel estimation complexity due to increased Doppler spreads encountered in FR1 HST scenario. Moreover, from gNB scheduling complexity point of view, SFN has the advantage over other multi-TRP Tx schemes especially in HST scenario. It is therefore also plausible to discuss if SFN should be considered for two-panel simultaneous reception. 
Proposal 2:	Discuss multi-TRP transmission scheme(s), among multi- and single-DCI based SDM Tx scheme and SFN, for two-panel simultaneous reception for FR2 HST UE.
Channel model
Although more NLOS multipath components may exist between Tx and Rx pairs due to the waveguide-like propagation effect in the tunnel scenario [3], the receive power of NLOS paths is typically much lower than LOS path. Moreover it is envisioned that total beamforming gain achieved at both transmitter and receiver can further significantly reduce the signal strength of NLOS paths outside of the wanted beamwidth pointing to the LOS direction. As a result, it is plausible to assume Option-1 (Scenario A), i.e., LOS propagation, to be the channel model used for performance requirement study.
Proposal 3:	Reuse the channel model from Scenario-A, i.e., LOS propagation, for performance requirements studies of FR2 HST in tunnel deployment.
From the discussion in RAN4 #105, NLOS paths considered in Option 3 and 4 are predominantly due to the shadow region around the RRHs (e.g., within ~50m range) in two directions, a careful beam allocation strategy taking advantage of strong beamforming gain can efficiently mitigate this shadow effect. Specifically, the beam allocation regions used for two-panel simultaneously reception need to be discussed to cope with the shadow region and maximize the expected performance gain of two-panel simultaneous reception scenario. For example, as shown in Fig. 1, when the HST-UE moves in the shadow region of the RRH, it is expected to receive the signals from two neighbor RRHs for better communication reliability. As proposed above, different transmission schemes should be discussed in more details, and this investigation should also take into account the beam allocation regions. For instance, it may be beneficial to consider different transmission schemes in different beam allocation regions. As such, the detailed study is required to clarify these open questions.    


Figure 1. Beam allocation region example
Proposal 4:	Define the beam allocation regions and the respective transmission scheme for performance requirements study of FR2 HST UE in tunnel deployment.
Conclusion
In this paper we provided view on the tunnel deployment scenarios and reference channel model and made the following proposals:
Proposal 1:	Define scenario for two-panel simultaneous reception for FR2 HST UE in tunnel deployment.
Proposal 2:	Discuss multi-TRP transmission scheme(s), among multi- and single-DCI based SDM Tx scheme and SFN, for two-panel simultaneous reception for FR2 HST UE.
Proposal 3:	Reuse the channel model from Scenario-A, i.e., LOS propagation, for performance requirements study of FR2 HST in tunnel deployment.
Proposal 4:  Define the beam allocation regions and the respective transmission scheme for performance requirements study of FR2 HST UE in tunnel deployment.
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