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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. This contribution provides more details about the previous proposal whichwas submitted but not presented in RAN4#74bis ([4]) due to lack of meeting time. In addition, some further information is added on coverage for the proposed antenna arrangement.
The second objective of the ongoing work for improved UE performance in high speed train scenarios is to study how speeds above 350km/h can be supported [1] [2]. Already today commercial high speed trains are operating well above 350km/h and in recent trials speeds higher than 600km/h have been reached.

One of the main challenges for a UE travelling at high speed is the Doppler shifts which results in abrupt changes of frequency offset when passing the serving cell (e.g. using conventional split antenna arrangement), and at handover between source and target cells. The total frequency shift can be in the order of several kilohertz, putting stress on the UE’s frequency tracking functionality and increasing the risk for radio link failure (RLF). Although the handover as such can be avoided by single frequency networks where adjacent RRHs along the track are using the same PCI and hence span the same cell, it will still be challenging for the UE since it will experience two equally strong paths when midways between two RRHs, where one path is at a positive Doppler shift and the other path at a negative Doppler shift. 
In this contribution we are additionally analysing the impact on the signal tracked by the UE when using the proposed antenna arrangement. The analysis supports that this arrangement is a strong candidate for enabling support for UE speeds of above 350km/h.

2 Conventional versus Unidirectional Beam Arrangement
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 1 (conventional arrangement) and Figure 2 (modified arrangement).

With the conventional arrangement in Figure 1, 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 2, 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 2. 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.
One issue which was briefly discussed in offline discussions was whether the new arrangement would lead to an increased number of sites compared to a bidirectional deployment. Provided that the total transmit power at each site is the same, the coverage should not be negatively impacted; the difference being that for this deployment all of the power is transmitted from one antenna rather than 2.

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 2, 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 2. . It is expected that almost as soon as the new cell becomes detectable, handover to it should be performed. 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 PCell). 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: Event A4 may be considered for handover in this deployment.
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 performed more rapidly in a high speed environment
Proposal 3: Possible improvement to cell detection when only one candidate cell is configured is considered for this deployment

It should be noted that improvements to cell detection related to proposal 3 would be beneficial also for conventional antenna arrangements.
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Figure 1: Doppler shift with conventional eNB arrangement
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Figure 2: Doppler shift with modified eNB arrangement

3 Analysis of Unidirectional Beam Arrangement on Impact on Signal Tracked by the UE
The impact on the signal tracked by the UE (the strongest path from the serving cell) is analysed for a unidirectional beam arrangement in a SFN deployment , i.e., where RRHs have their beams oriented in the same direction along the track and are sharing the same PCI. 
A UE travelling in one direction train will go from receiving a weak signal provided by the previous beam to a strong signal provided by the current beam in whose coverage the UE is. For UEs travelling in the opposite direction it is vice versa.
The beams are by necessity suppressed in the directions perpendicular to the tracks to prevent that the UEs pick up the signal before it is received from the back (or front, in case of travelling in the opposite direction). To ensure good UE receiver performance, the suppression should be such that the leaked signal is at least 3dB lower than the signal received from the previous RRH.
Table 1: Parameter values for exemplary scenario
	Parameter
	Interpretation
	Exemplary value
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	Inter-site distance [m]
	1000
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	Minimum distance between sites and track [m]
	10
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	UE velocity [m/s]
	138.9  (500 km/h)
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	Maximum Doppler shift [Hz]
	1250   (2.7 GHz)


For the parameter values in Table 1 the path loss of a signal transmitted from the previously RRH is 60dB when passing the next RRH, whereas the path loss for the latter is 20dB. Hence the suppression in other than the desired direction of the beam (eg in perpendicular direction) needs to be at least 43dB assuming that the RRHs transmit at equal power. 

If moving the RRH closer to the tracks, the needed suppression increases, and if shortening the distance between the RRHs, the needed suppression decreases.
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Figure 3: Horizontal antenna pattern. Beamforming modelled by 16th order equiripple filter.
The suppression can be achieved in several ways. Figure 3 shows an example where the beamforming is based on a linear array of 17 antenna elements, resulting in at least 50dB suppression of side lobes. Angles outside ±45 degrees relative to the main lobe are suppressed in order to prevent the UE from starting tracking the signal before the Doppler shift is close to the one from the previous RRH.   
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Figure 4: Resulting Doppler shift, path loss and time jittering of the by the UE tracked (strongest) signal path for Dmin=10m, Ds=1000m, f=2.7GHz and speed 500km/h. 
The RRH arrangement and impact on path loss from each respective RRH, and the impact on the signal tracked by the UE with respect to path loss, Doppler shift and cell timing jitter, are shown in Figure 4. From the graphs it can be observed that instead of experience a Doppler shift of 2500Hz (from positive to negative) which would be experienced in a conventional beam arrangement, the UE sees a sudden ripple of about 300Hz. Using a narrower main lobe one can steer the UE to pick up the RRH it just passed at a later stage, thereby reducing the size of the frequency offset ripple.
Observation 1: By unidirectional beam arrangement the Doppler shifts alternations can be significantly reduced to a ripple that constitutes only a fraction of the frequency shift experienced by the UE in a conventional beam arrangement.
One can also observe the path loss of the tracked signal jumps about 25dB, but this is not unusual in regular scenarios and hence does is not likely to put new requirements on the AGC functionality.

Observation 2: In a unidirectional beam arrangement the path-loss will change more abruptly than in a conventional beam arrangement when the UE is moving from one beam to another. The change is however within the range that the existing AGC functionality is expected to be able to handle.

The timing of the tracked signal changes abruptly by about 3us, and which is still less than a normal cyclic prefix (4.7us). If necessary, this can be reduced e.g. by providing some delay of the signal transmitted by RRH 2 compared to RRH 1.

Observation 3: In a unidirectional beam arrangement cell timing jitter can be reduced by introducing delays between consecutive RRHs.
The proposed RRH arrangement is useful for improving the UE performance in high speed train scenarios particularly for speeds exceeding 350 km/h. It is proposed that this scenario is analysed and investigated within the HST study item as it is an enabler for E-UTRA support of speeds higher than 350km/h and also provides benefits for speeds lower than 350km/h by means of eliminating the alternating Doppler shifts which is one of the main reasons for RLF.
To ensure that UEs operate correctly with the modified antenna arrangement, we propose

Proposal 4 : Demodulation requirements are developed based on a channel model derived from the modified arrangement.
4 Conclusions

In this contribution we have proposed and analysed unidirectional beam arrangement for support of UE speeds beyond 350km/h. The following is observed:

Observation 1: By unidirectional beam arrangement the Doppler shifts alternations can be significantly reduced to a ripple that constitutes only a fraction of the frequency shift experienced by the UE in a conventional beam arrangement.
Observation 2: In a unidirectional beam arrangement the path-loss will change more abruptly than in a conventional beam arrangement when the UE is moving from one beam to another. The change is however within the range that the existing AGC functionality is expected to be able to handle.

Observation 3: In a unidirectional beam arrangement cell timing jitter can be reduced by introducing delays between consecutive RRHs

Our proposals are summarized below:

Proposal 1: Unidirectional eNB deployments are considered in the studies on high speed train deployments.
Proposal 2: Event A4 may be considered for handover in this deployment.

Proposal 3: Possible improvement to cell detection when only one candidate cell is configured is considered for this deployment
Proposal 4 : Demodulation requirements are developed based on a channel model derived from the modified arrangement.
We welcome companies interested in improved UE performance at high speed to provide feedback on our proposal and analysis.
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