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1 Introduction

During RAN4#98-e, two deployment scenarios were identified for further investigation for FR2 HST requirements. This contribution considers the first of these deployment scenarios, in particular in relation to beam pattern and deployment, uni/bi-directional deployment, DPS and joint transmission.
2 Discussion
2.1 Number of beams and beam coverage
Scenario 1 consists of BS placed 10 from the side of the track at intervals of 700m. We assume in the first part of this analysis that the track is completely straight, although the impact of curvature in the track is considered in a later section.

For this scenario, we assume that the BS is positioned such that the panel(s) face directly along the track; i.e. a zero degree steered beam is parallel to the track (in both azimuth and elevation). The UE on the train is positioned such that it’s panel(s) point directly along the track.
We have also assumed zero beam steering, and so the BS beam points along the track (but is 10m away from the track) and the UE beam points along the track.

These assumptions are not fully optimal, but they are sufficient to demonstrate that a single TX and a single RX beam is sufficient.

The antenna radiation patterns in azimuth for the UE and basestation are depicted in figure 1. The array is symmetrical in both axes, so the elevation patterns are the same as the azimuth patterns.
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Figure 1: BS and UE antenna radiation patterns in azimuth (Elevation patterns are the same)
The most critical link for coverage is the uplink. We thus model the uplink considering 23dBm transmitter power for the UE. For a train mounted UE, this may be an underestimate for the power. 
The coverage pattern for the single TX / RX beam is depicted in figure 3. A uni-directional deployment is considered in which the BS antenna is pointing in the direction of movement of the train and the UE panel away from the direction of movement of the train. The x axis represents the distance along the track from the point on the track that is closest to the BS. (That implies, at zero on the x axis the UE on the side is parallel to the BS, which is 10m away from the side of the track). The y axis represents UL SNR assuming 10dB noise figure at the BS.
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Figure 2: Unidirectional deployment scenario
 As can be seen in the figure, good coverage is obtained when the train is around 60-70m along the track. Furthermore, the SNR remains good from 700-800m; i.e. the SNR from the BS at position zero on the track is still good as the UE passes the next BS (located at 700m along the track)
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Figure 3: UL SNR for single TX and single RX beam
Thus, if DPS is assumed, the UE can switch BS after travelling around 60-70m along the track from BS2 in the figure. Assuming that this is the case, then the SNR observed when travelling along the track is as depicted in figure 4. For downlink, the SNR will be greater.
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Figure 4: UL SNR assuming single TX/RX beam and DPS switching between BS
Based on this analysis, we observe that in scenario 1, in a uni-directional deployment it is sufficient to operate with a single TX beam and a single RX beam.

Observation 1: In scenario 1, DPS with a single TX beam and a single RX beam is sufficient to achieve coverage.

It should be noted that providing further beams for distances closer to 60m from the BS does not bring any significant improvement in coverage. Such beams have a large azimuth steering angle and lower gain. Furthermore, their individual coverage along the track is very small.

2.2 Receiver type and deployment option

The WF includes both JT and DPS. In the case of JT, at maximum separation the DL propagation time difference between the BS is larger than the CP. With DPS, good SNR can easily be achieved and so there is no clear need for JT.
Observation 2: There is no need or benefit from JT in scenario 1.

For a bi-directional operation, switching of DL and UL beams both when passing the BS and in between the BS is needed. Similar to unicast, when passing the BS it is necessary to remain in coverage of the previous BS for around 50-60m, since beams from the nearby BS are narrow and low gain when close by. Thus, the radiation pattern from bi-directional needs to be the same as for uni-directional. In between the BS, as shown in figure 4, there is no lack of SNR from the uni-directional scenario, and so little benefit from bi-directional deployment.
Observation 3: There is no benefit from bi-directional deployment in scenario 1.

2.3 Track curvature
The analysis in section 2.1 assumed completely straight track. In reality, curves may be present. For high speeds, physical dynamics/acceleration limitations imply that sharp curves are not feasible.

Table 1 quotes typical minimum curve radius for 350km/h, 120km/h general and 1low speed.

Table 1: Typical curve radius for different train speeds
	Scenario
	Minimum curve radius

	350km/h
	7000

	120km/h general
	800

	Low speed
	140


To consider the impact of curves, we consider a scenario in which a BS is positioned and it’s panel oriented to maximize coverage around the curve. It is of interest to calculate the deviation from boresight of the UE after travelling 800m (i.e. 100m past the next BS).

Table 2 indicates the maximum deviation from boresight. For the low speed case, if the train would travel 800 meters around a circle with radius 140m then it would finish behind the BS, so this scenario is not taken into account.
Table 2: Azimuth deviation for different scenarios
	Scenario
	Additional rotation of panel for curve assumed
	Maximum deviation from boresight after 800m
	Within 3dB beamwidth of main beam ?

	350km/h
	2 degrees
	2 degrees
	Yes

	120km/h general
	6.5 degrees
	24.5 degrees
	No

	Low speed
	-
	-
	-


To keep the UE within the single TX beam of the BS, the BS could be positioned closer together around the curve.

Table 2: Maximum inter-BS spacing to operate with 1 TX/RX beam around curve
	Scenario
	Supportable inter-BS distance (Up to 700m)

	350km/h
	700m

	120km/h general
	400-425m

	Low speed
	-


For the medium speed scenario, a single TX and single RX beam provides coverage if the BS are spaced around 400-425m (instead of 700m) around the curve. For the low speed scenario, the curve is so tight that it is not possible to operate single TX/RX beam even with very closely spaced BS; instead multiple beams would be needed. However, in this scenario Doppler is low and the scenario is arguable not HST.

Observation 4: For 350km/h scenarios, track curvature is not sharp and coverage can be provided with 1 TX/RX beam also for curves with 700m BS separation.
Observation 5: For 120km/h scenario, curves may in some cases be sharper. Coverage with 1TX/RX beam for such curves can be provided if BS are spaced around 400m around the curve. (Alternatively, multiple beams could be used).
3 Conclusion

Observation 1: In scenario 1, DPS with a single TX beam and a single RX beam is sufficient to achieve coverage.

Observation 2: There is no need or benefit from JT in scenario 1.

Observation 3: There is no benefit from bi-directional deployment in scenario 1.

Observation 4: For 350km/h scenarios, track curvature is not sharp and coverage can be provided with 1 TX/RX beam also for curves with 700m BS separation.

Observation 5: For 120km/h scenario, curves may in some cases be sharper. Coverage with 1TX/RX beam for the most extreme curves can be provided if BS are spaced around 400m around the curve. (Alternatively, multiple beams could be used).
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