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1 Introduction
There has been discussion of scenarios for the high speed train, with the target being to decide on a suitable channel model for further work. In this contribution we provide details for mitigating some of the impact of Doppler shift using a modified antenna arrangement. This should be considered when considering suitable channel models and RRM requirements.
2 Discussion

The channel model which RAN4 uses for high speed train was first discussed in 2006 in  [3], and is primarily motivated with ensuring that automatic frequency control (AFC) algorithm performs correctly when the UE passes a track side node B (or eNB) with a dominant line of sight path. In this contribution, we present a modified deployment which can largely avoid large changes in Doppler shift when passing eNB sites. The arrangement relies in having an antenna pattern at the eNB site which directs sectors primarily in one direction; this is illustrated in figure 1a (conventional arrangement) and figure 1b (modified arrangement).
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Figure 1a : Doppler shift with conventional eNB arrangement
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Figure 1b : Doppler shift with modified eNB arrangement
With the conventional arrangement in figure 1a, it is assumed that for each eNB site, the east facing and west facing sectors use the same PCI. An adjacent eNB site may use either the same, or a different PCI. If different PCI is used, then it is expected that the UE will perform handover approximately midway between the sites. As the UE passes an eNB site it experiences a rapid change in Doppler (as is modelled in the existing HST model). At the point where handover occurs, the UE should switch from a cell which it is moving rapidly away from (negative Doppler) to a cell which it is moving rapidly towards, so it again experiences a sudden change in frequency as the handover is executed.
With the modified arrangement in figure 1b, the intention is that each site provides coverage in only one direction along the track, for example in an Easterly direction from the site as shown in figure 1b. If the same PCI is used for each eNB site  then the UE will start to receive a new path from the successive eNB site around the point where it passes each eNB. Thus, in the ideal line of sight case the UE experiences only a fixed Doppler shift.
Proposal 1 : Unidirectional eNB deployments are considered in the studies on high speed train deployments.

It can be seen that this type of deployment is well suited to deployment with the same PCI on each site, since the need for UE tracking of frequency shifts is minimised, which can be expected to substantially improve demodulation performance. On the other hand, when different PCI are used for this deployment, certain RRM challenges can be anticipated. As the UE moves towards a cell site, pathloss reduces and RSRP can be expected to improve considerably. As the UE comes close to passing the cell site, the RSRP of the Pcell will drop rapidly and at the same time the new cell will become detectable. Hence, even though we are considering intrafrequency handover in figure 1b, it may be necessary to consider a different trigger event than event A3. Event A3 is triggered when a neighbouring cell becomes better than the serving cell by an offset, and this may be too slow for handover purposes for the scenario in figure 1b.
In a high speed train scenario, the UE should mostly follow a well defined evolution through the serving cells, as the route of the train is quite fixed and the direction of travel could be known by each serving eNB, based on knowledge of the eNB which was the source when handover was performed. This means that the next eNB which the UE should be moved to when it leaves the serving cell is also typically well known in advance. The implication is that the UE could potentially be preconfigured with a single target cell, and this prior knowledge could be used to optimise the handover, so that it can be perfomed more rapidly in a high speed environment. It is also expected that almost as soon as the new cell becomes detectable, handover to it should be perfomed.  For this purpose, measurement event A4 (neighbour cell becomes better than a threshold) might be appropriate rather than a more typical relative event comparing to the serving cell such as event A3 (neighbour cell becomes offset better than Pecll). The reason is that at the handover point, the UE is still moving towards the serving cell, and thus may measure improving RSRP almost until the UE leaves its coverage.
Proposal 2 : Possible improvement to cell detection when only one candidate cell is configured is considered for this deployment

Proposal 3 : Event A4 may be considered for handover in this deployment.
3 Conclusions

In this contribution we discuss a modified antenna deployment which is intended to minimise the impact of Doppler shifts in a high speed train network. When used with RRH and the same PCI, the arrangement ideally ensures that the UE frequency shift is fixed and does not need to be tracked. Due to this benefit, it is proposed that
Proposal 1 : Unidirectional eNB deployments are considered in the studies on high speed train deployments.

When different PCI are used, and the UE needs to perform handover with this arrangement, there may be certain challenges, because the handover point is close to the point where minimum pathloss/maximum RSRP occurs. To address this aspect, the following proposals are made:
Proposal 2 : Possible improvement to cell detection when only one candidate cell is configured is considered for this deployment

Proposal 3 : Event A4 may be considered for handover in this deployment.
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