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1 Introduction

During RAN4#98-e the question of how many UE per train to consider was discussed but no conclusion was reached. In this contribution, we consider the number of UEs per train in the light of capacity and interference considerations.
2 Discussion

The number of UEs, and the number of panels per UE relates to capacity and interference considerations.

According to link budget assumptions, it should be feasible to achieve an SNR of at least 20dB for FR2 HST [1, 2]. Based on this SNR, capacity is estimated for a 100MHz carrier assuming 64QAM, CR0.50 and two layers. In this case, the capacity of a panel will be around 450Mbps per panel/100MHz.
The capacity can be doubled if two panels, facing in opposite directions at the UE are used together with basestation panels pointing in opposite directions.
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Figure 1: Dual uni-directional transmission.
This is not the same as bi-directional operation. As discussed in [1, 2] there is no clear benefit to bi-directional operation. This is in effect two times uni-directional operation. Two uni-directional connections are maintained independently to the UE panels. This could be achieved by means of e.g. DC, or even the traffic from the two panels could simply be routed to different parts of the train.

Observation 1: The capacity for FR2 HST can be doubled by operating uni-directional connections in both directions.
To attempt to further increase the capacity, additional UEs along the train could be considered. To provide additional capacity, an individual BS panel would be needed for each UE, so additional BS would need to be added with a spacing of a similar distance to the distance between UEs along the train.
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Figure 2: Multiple UE per train
The problem with such a deployment is that the beams from the BS point along the track and thus consecutive BS cause interference to one-another. With FSPL, the signal from on beam reaches many hundreds of meters.
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Figure 3: UL SNR from a single BS beam.
The DL intended for UE1 in figure 2 would reach UE2 with almost as much power as it’s own DL, and thus UE2 would be limited to around 0dB SNR. Mitigation of the interference using e.g. IRC would be very difficult for UE2 since the signals would come from the same direction.

Some optimization of downtilt may reduce interference, but still inter-BS interference is likely to be a limiting factor for such a deployment.

Observation 2: Attempting to operate with more than one UE / serving BS per direction may lead to significant inter-cell interference, removing most of the capacity benefit.

Although some optimizations may be possible, we do not think there is any need to consider the situation of more than one UE panel per train when setting requirements in any case. If feasible, optimizations for serving more than one UE per train could be used in a deployment specific way but there is no need to take this into consideration when setting requirements.
Proposal 1: Consider 1 UE panel per direction when setting requirements

Assuming that uni-directional connections are operated in both directions then the total capacity is around 2*450; i.e. up to 1GBps / 100MHz

Observation 3: The capacity limit for FR2 HST appears to be around 1Gbps / 100MHz.
3 Conclusion

Observation 1: The capacity for FR2 HST can be doubled by operating uni-directional connections in both directions.
Observation 2: Attempting to operate with more than one UE / serving BS per direction may lead to significant inter-cell interference, removing most of the capacity benefit.

Observation 3: The capacity limit for FR2 HST appears to be around 1Gbps / 100MHz.
Proposal 1: Consider 1 UE panel per direction when setting requirements
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