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Introduction
HST FR2 scenario parameters were updated at the last RAN4#98-e meeting resulting in two priority deployment scenarios [1]:
· Scenario-A: Ds = 700 m, Dmin = 10m
· Scenario-B: Ds = 700m, Dmin = 150m
For both scenarios, uni-directional and bi-directional settings and several transmission schemes are under discussion.
Scenario B was not actively discussed before. In this paper, we complement our analysis presented in the accompanying paper [2] (mainly focused on Scenario A) with a closer look at Scenario B.
Additionally, this contribution uses the results of system-level simulations presented in more detail in another accompanying paper [3].


Discussion
In Scenario B, the position of RRH sites is further away from the track in comparison to Scenario A. Therefore, a much wider angular spread can be achieved between the beams covering the railway track. Even though the safety zones shall be left on the sides of the railway track, Scenario B potentially leaves space for regular UEs to be in the coverage area of the network.
RAN4 to clarify based on the operators’ input if regular (i.e., low-speed non-HST) UEs can be connected to the same cell together with a HST CPE moving at maximum speed.

In Figure 1, we show the ideal wideband RSRP of one RRH (paced in point with x coordinate 2450) based on path gain, antenna gain, beam gain, and TX power. It is visible that there can be good coverage in the RMa LOS conditions even 2 km away from the site, so if interference is not present, the scenario is easy for mobility apart from occasional dips between side-lobes of beams or between beams.
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Figure 1: RSRP values of 1 RRH located at x =2450 in different deployments.

In LoS conditions, without interference, the coverage area (over the railway track) of one RRH with one beam per panel is more than several Ds. Hence, even one beam per RRH can provide sufficient coverage.

Uni-directional setting
In the previous meeting, the following question about the uni-directional deployment was raised [1]:
	· If DPS adopted for uni-directional RRH deployment, RAN4 only consider
· The number of TCI states per RRH panel: 1, or 2
· FFS only 1 TCI state per RRH panel is enough or not.



In Figure 2, we are presenting the coverage maps for Scenario B with 1, 2, and 4 beams per RRH. In a uni-directional setting, the boresight of the antenna is pointed to the following RRH site.
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[bookmark: _Ref67942480]Figure 2: Propagation maps with 1, 2, and 4 beams in uni-directional deployment, scenario B.

Additionally, in Figure 3, we demonstrate joint coverage areas for different number of beams per RRH over the railway track at CPE height.

[image: ]
Figure 3 Joint coverage of railway track by multiple beams, uni-directional setting.

Finally, in Figures 4-5, we show the usage statistics of beams reported from the system-level simulations from our accompanying paper [3]. The results show that both when the train is moving in the same direction as RRH is pointing to or in opposite direction, the use of the beams 0 and 1 remain very low, particularly if there are no additional delays to measurements caused by DRX. Those beams are pointing more directly towards the track in a perpendicular manner, which causes the time that it takes for the train to pass the beam coverage area to be very short. Beam 3 is used over 50% of the time in all cases, while beam 2 is used maximum 30% of the time.
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Figure 4 Beam usage statistics in Scenario B with uni-directional deployment (beams and train movement to the same direction)
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Figure 5 Beam usage statistics in Scenario B with uni-directional deployment (beams and train movement to different direction)

The usage of the beams pointed more perpendicular to the railway track is very limited. Out of a maximum of four beams per RRH, only two are reasonably used based on our simulation results. Even though one beam can provide sufficient coverage, we do not see a need to limit the number of beams per RRH only to one since the deployment with two beams is more general.
RAN4 to use 1 or 2 beams per RRH panel in uni-directional deployments for Scenario B.
RAN4 to use only 1 beam (TCI state) per RRH panel in uni-directional deployment with Full SFN transmission scheme for Scenario B.

Bi-directional setting
In the WF [1], a further need in analyzing the benefits of PDSCH combining and of coverage performance in bi-directional setting was noted:
	· For bi-directional RRH deployment, FFS the necessity of joint transmission (JT) for all channels (SSB, TRS, PDCCH/PDSCH), by 
· FFS the benefits of PDSCH combining for this case;
· CPE’s architecture and panel orientation’s impact needs to be considered.
· For bi-directional RRH deployment, DPS transmission scheme shall be considered to reduce the multi-path delay spread, reduce ICI and achieve good coverage. 
· FFS:
· the coverage performance by study the signal strength in the area around each RRH site. 
· the number of beams (i.e., TCI states) per RRH penal.



In Figure 6, we are presenting the coverage maps for Scenario B with 1, 2, and 4 beams per RRH. In a bi-directional setting, the boresight of the antenna is pointed to the middle between the RRH sites.
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Figure 6: Propagation maps with 1, 2, and 4 beams in bi-directional deployment, scenario B.
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Figure 7: Joint coverage of railway track by multiple beams, bi-directional setting.

In our simulation result, we have not observed such a degradation of signal quality similar to what we observed in Scenario A (Figure 3 in [2]). Moreover, the panel in Scenario B is oriented further away from the following RRH site. Therefore, we do not see a strong benefit in PDSCH combining (i.e., in using JT of Full-SFN scheme) in this scenario.
RAN 4 not to use PDSCH combining in HST FR2 bi-directional deployment, Scenario B.
Based on our Observation 2, we can conclude that there is a sense to use either one or two beams in bi-directional deployment for Scenario B. However, due to the low utilization of other beams and the absence of coverage holes, the benefits of a larger number of beams are doubtable.
RAN4 to decide if more than two beams per RRH are beneficial in bi-directional deployment, scenario B.

Vertically oriented CPE panel
An issue related to the number of panels per CPE was raised in the previous meeting [1]:
	· Number of panels per CPE and Bi-directional Operation for Two Panels (if any): 
· Number of panels per CPE: 
· 2 panels (both for TX and RX) for two opposite directions
· FFS CPE only has one panel pointing to upside and have analog beam directed to forward and backward by adjusting phase-shifter array.



Figure 8 shows the SINR distributions for two cases of panel configurations at CPE: 1 panel pointing upwards (solid lines) and 2 panels pointing in horizontal directions in the same and opposite directions of train movement (dashed lines). We observe from the results that there can be a significant drop in signal quality when using only 1 panel pointing upwards.
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Figure 8: SINR distribution for CPE panel options in different scenarios.

The utilization of only one panel pointing to upside is less efficient in HST FR2 Scenario B than two panels per CPE oriented into opposite directions. However, we have not observed any mobility problem in this setting either, even though in our analysis, only one beam cooriented with the panel boresight was used.
RAN4 to decide if further analysis is needed regarding one panel per CPE pointing to upside and having analog beams directed to forward and backward in HST FR2 Scenario B.


Conclusion
In this contribution, we further clarify our vision of HST FR2 deployment Scenario-B. In particular, we discuss the needed number of panels per RRH in uni- and bi-directional deployments, a need for PDSCH combining, and the number of panels per CPE.
We have made the following observations and proposals:
1. RAN4 to clarify based on the operators’ input if regular (i.e., low-speed non-HST) UEs can be connected to the same cell together with a HST CPE moving at maximum speed.
1. In LoS conditions, without interference, the coverage area (over the railway track) of one RRH with one beam per panel is more than several Ds. Hence, even one beam per RRH can provide sufficient coverage.
The usage of the beams pointed more perpendicular to the railway track is very limited. Out of a maximum of four beams per RRH, only two are reasonably used based on our simulation results. Even though one beam can provide sufficient coverage, we do not see a need to limit the number of beams per RRH only to one since the deployment with two beams is more general.
RAN4 to use 1 or 2 beams per RRH panel in uni-directional deployments for Scenario B.
RAN4 to use only 1 beam (TCI state) per RRH panel in uni-directional deployment with Full SFN transmission scheme for Scenario B.
RAN 4 not to use PDSCH combining in HST FR2 bi-directional deployment, Scenario B.
RAN4 to decide if more than two beams per RRH are beneficial in bi-directional deployment, scenario B.
The utilization of only one panel pointing to upside is less efficient in HST FR2 Scenario B than two panels per CPE oriented into opposite directions. However, we have not observed any mobility problem in this setting either, even though in our analysis, only one beam cooriented with the panel boresight was used.
RAN4 to decide if further analysis is needed regarding one panel per CPE pointing to upside and having analog beams directed to forward and backward in HST FR2 Scenario B.
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