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Introduction
During RAN4#98-e, two deployment scenarios were identified for further investigation for FR2 HST requirements. This contribution considers the second of these deployment scenarios, in particular in relation to beam pattern and deployment, uni/bi-directional deployment, DPS and joint transmission.
[bookmark: _Ref178064866]Discussion
In scenario 2, the BS are positioned at a minimum distance of 150m from the track and are spaced at 700m. During RAN4#98-e, a propagation model was not agreed for this scenario. In this contribution we assume a RMa LOS propagation model; the results may differ if NLOS propagation model would instead be considered.
It is assumed that the BS are placed with zero degree downtilt. In azimuth, the panels are oriented towards the track with an angle of 13.5 degrees as this is more optimal for achieving coverage.
The UE panels are oriented away from the direction of travel and towards the BS with an angle of 15.5 degrees in azimuth as this is more optimal for coverage. When both BS and UE panels are oriented in this manner then the BS and UE panels directly point at one another at the point along the track when the train is 700m from the BS (i.e. parallel to the next BS).
Number of beams and beam coverage for uni-directional deployment
For scenario 2, we consider several options for the number of beams and the beam coverage. UL SNR is evaluated assuming that the UE has a total TRP of 23dBm and the BS a noise figure of 10dB. The DL SNR will be greater than the Ul SNR. Furthermore, the UL SNR could be assumed by using a more powerful UE.
Single BS and single UE beam
In this scenario, both BS beam and UE beam have zero degrees steering in both azimuth and elevation (however the BS and UE panels are oriented in azimuth to maximize coverage). 
Figure 1 depicts the radiation pattern in azimuth and elevation from the antenna panels for the BS and UE (The radiation pattern is in this case the same for both azimuth and elevation):

Figure 1: BS and UE antenna radiation patterns in azimuth (Elevation patterns are the same)


Figure 2 depicts the coverage achieved using the single beam. In the figure, the x axis depicts the distance of the UE along the track. Zero on the x axis is the point along the track at which the UE is at minimum distance to the BS. At 700m along the track. The UE is parallel to the next BS. The figure shows that the beam covers the range of around 400-800m along the track.


Figure 2: UL SNR for one BS assuming 1 TX and 1 RX beam
It is feasible to achieve coverage using DPS if the BS is switched around past the BS. The previous BS provides coverage as the train passes the next BS and up to 350m.


Figure 3: Unidirectional deployment scenario

If the train is travelling in the reverse direction, the reverse is true. In this case, the SNR is as follows:


Figure 4: UL SNR assuming 1 TX and 1 RX beam per BS and DPS switching between BS

It is worthwhile to recall that the DL SNR will be greater, and also UL SNR can be greater if a more powerful UE is used. We conclude that it is perfectly feasible to operate with only 1 beam at the BS/UE in this scenario with a straight track, as long as the BS/UE panels can be oriented in azimuth as described.

Two BS beams and single UE beam
In this scenario, an additional BS beam is added. (The first BS beam and the UE beam remain zero elevation and azimuth steering). The coverage patterns for the two beams are as follows:


Figure 5: UL SNR with 1 UE TX beam and 2 BS RX beams, per BS beam
Thus, using DPS, the previous BS covers the UE up to a distance of just over 200m along the track. The second BS beam covers the UE from around 200-350m along the track and then the first BS beam covers the UE for distances greater than 350m along the track.
The SNR over as the train travels along the track is depicted in figure 6:

Figure 6: UL SNR with DPS switching between beams and BS

Three BS beams and two UE beams
In this scenario, an additional beam is added for the BS. In our view, there is little benefit from adding more than 3 beams at the BS, since when the UE is close to the BS the steering angle is very large and beam gain small, and also the width of the beam is small. When the UE is close to the BS, good coverage can be obtained from the previous BS.
An additional beam is also assumed for the UE in this case, as the single UE beam does not have good coverage in the area covered by the third BS beam.
The coverage pattern for the first two beams from the BS are similar to those depicted in figure 7. The coverage pattern for the third beam is as follows:

Figure 7: UL SNR from third BS beam and 2nd UE beam

The third beam provides coverage after around 100m along the track. Using DPS to select the best signal from the previous BS or one of the three beams from the nearest BS, and using the optimal UE beam then the total SNR is as shown in figure 8.


Figure 8: UL SNR with DPS switching between beams and BS

Conclusion on number of beams and coverage for uni-directional
Section 2.1.1 demonstrates that good coverage can be obtained in scenario 2 with a single BS beam and a single UE beam. Improvements in coverage can be obtained by using 2 or 3 BS beams and 1-2 UE beams, but the improvements to the coverage are relatively small.
Observation 1: Scenario 2 can be adequately covered with 1 BS and 1 UE beam
Observation 2: The coverage can be improved slightly using 2-3 BS beams and 1-2 UE beams

Bi-directional
BS/UE panels parallel to track
The analysis in section 2.1 assumed uni-directional deployment. For bi-directional deployment, half of the distance along the track would be covered by one BS and the other half by the following BS


Figure 9: Di-directional deployment scenario

The figure below depicts the achievable coverage using 3 beams at the BS and 3 beams at the UE, with the BS and UE panels pointed parallel to the track. After 350m along the track, coverage would be provided by the next BS. The figure shows that good coverage is achievable, although close to the BS one or more further beams would be needed, or there would be a break in coverage.


Figure 10: UL SNR with 3 beams per UE and BS in each direction with DPS switching between beams and BS
BS/UE panels perpendicular to track
An alternative could be to orient the BS panel so that it points at the track rather than along the track (i.e. perpendicular to the direction of travel of the train) and orientate the UE panel so that it is perpendicular to the train. The problem with this approach however is that when the train is in-between the BS, a large steering is needed and the pathloss is greater, and thus only poor coverage is obtained.


Figure 11: Bi-directional deployment with rotated antenna

The figure below shows the coverage of a beam pointed towards the location between two basestations when the BS panel is oriented to point at the track. The achieved SNR is not as good as the uni-directional scenario. Even if beams from both directions would be combined, the SNR would increase but still not be as good as uni-directional.


Figure 12: Best achievable UL SNR for a beam pointed to the position in between the two BS for the deployment of figure 11

Conclusions for bi-directional

For bi-directional deployment, the panels need to point along the track. Bi-directional deployment needs more than 3 beams at the UE and the BS and does not provide substantially better coverage than uni-directional, and does not provide any coverage at all when the UE is closest to the BS. Furthermore, more selection between beams is required, and twice as many panels are needed without achieving additional capacity. Rotating the panels at the BS and the UE leads to inferior SNR when the UE is in-between the BS.
Observation 3: Bi-directional deployment is inferior to uni-directional deployment for scenario 2.

Receiver type
The WF considers both joint transmission and DPS. For uni-directional deployment, JT would involve receiving signals from the current and next BS. The distance between the BS and the associated difference in propagation time means that the different paths would not fit within the CP.
Bi-directional is not efficient as discussed in section 2.2. JT is also not useful for bi-directional since the signals will not arrive within the same RX beams.
Observation 4: JT is not useful for scenario B

Curvature in the track
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 low 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 its 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
	13.5
	14
	Y

	120km/h general
	13.5
	37.5
	N

	Low speed
	-
	-
	-



To keep the UE within the single TX beam of the BS, the BS could be positioned closer together around the curve. However, in this scenario for the medium and low speed scenario, positioning the BS closer does not bring the whole track within the range of a single beam.

Observation 5: For 350km/h scenarios, track curvature is not sharp, and coverage can be provided with 1-3 TX/RX beam also for curves with 700m BS separation.
Observation 6: For the 120km/h and low speed scenarios, closer spacing of the BS does not assist in the curve scenario and more beams may be needed.
Proposal 1: RAN4 should confirm whether the 120 km/h curve scenario is important to investigate further for FR2 HST.

Conclusion
Observation 1: Scenario 2 can be adequately covered with 1 BS and 1 UE beam
Observation 2: The coverage can be improved slightly using 2-3 BS beams and 1-2 UE beams
Observation 3: Bi-directional deployment is inferior to uni-directional deployment for scenario 2.
Observation 4: JT is not useful for scenario 2
Observation 5: For 350km/h scenarios, track curvature is not sharp and coverage can be provided with 1-3 TX/RX beam also for curves with 700m BS separation.
Observation 6: For the 120km/h and low speed scenarios, closer spacing of the BS does not assist in the curve scenario and more beams may be needed.
Proposal 1: RAN4 should confirm whether the 120 km/h curve scenario is important to investigate further for FR2 HST.
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