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1 Introduction

The work item (WI) “Performance enhancements for high speed scenario” was approved at RAN plenary meeting #70 [1]. One objective of this WI is to identify downlink demodulation requirements under the identified high speed scenarios. According to the high speed Work Item Description (WID) [1], the target high speed train (HST) moving speed is at least 350km/h and at most 750km/h. When the train’s moving speed is greater than 350km/h, one candidate solution is the so-called “unidirectional” RRH SFN arrangement, where RRHs with unidirectional antenna are deployed along the railway. In the ideal case, the antenna side-lobe’s impact is assumed to be negligible for the unidirectional deployment. Therefore, in contrast to the “bidirectional” HST SFN, a legacy receiver can be used, and a normal baseline MMSE receiver is sufficient to maintain satisfactory demodulation performance in unidirectional HST SFN [2]. However, controversial results have been shown in [3] that there is noticeable side-lobe’s impact (i.e. referred to as echo channel in [3]), which causes throughput degradation when a train is approaching a RRH.

In this contribution, we share our view on the unidirectional HST SFN channels. There are two basic aspects:
· Doppler shift estimation range for train speed up to 750km/h;

· The impact on the path loss profile caused by antenna radiation pattern and the tilt angle at the RRH.
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2.1 Doppler shift estimation for train speed up to 750km/h

Given the carrier frequency fc = 2.7GHz and train speed is v = 750km/h, the maximum Doppler shift fd for the high speed train can be up to (c is the speed of light) 

Hz.

In general, for a legacy UE, the Doppler shift can be estimated by CRS, which is inserted in each subframe as shown in Fig. 1 below.
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Fig. 1. Locations of CRS within a resource block of a subframe for a normal CP system.

The Doppler shift estimation range would be determined by the shortest time difference Δt between two CRS-inserted OFDM symbols, given by

.

Considering the duration of one subframe is 1ms, for a legacy UE, the capability of CRS-based Doppler shift estimation would be around +/–2000Hz. This mean that: 

· Observation 1: When a train is running at speed up to 750km/h, the Doppler shift would almost reach the CRS-based estimation limit for a legacy UE. It would be very challenging for a legacy UE to accurately estimate that high Doppler shift, especially when SNR is low, in the unidirectional RRH SFN. 

Apparently, this high Doppler shift in such high speed (750km/h) scenario would be a problem for bidirectional RRH SFN as well.

· Proposal 1: To specify if enhanced reference signal is needed for such high speed scenarios.

2.2 Impact on path loss of the directional antenna radiation pattern and its tilt angle at RRH

In [2], a directional antenna radiation pattern is provided, which is similarly produced as in Fig.2.
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Fig. 2: Assumed antenna radiation pattern for unidirectional RRH SFN scenario

Fig. 3 demonstrates a train running in the unidirectional RRH SFN from RRH2 (blue) to RRH3 (black), with antenna tilt angle of θ. Moreover, Fig. 4 shows the path loss of the four consecutive RRHs with different tilt angles. The other necessary parameters are summarised in Table 1.

	Parameters
	Value

	Ds
	1000m

	Dmin
	300m

	v
	350km/h

	fd
	875Hz


Table 1. Parameters for Scenario 1
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Fig. 3 Unidirectional RRH SFN

[image: ]
Fig. 4 Path loss profile of four RRHs when train runs from RRH2 (blue) to RRH3 (black)

Fig. 4 illustrates the path loss of tilt angle θ being (a) 5o and (b) 30 o. It can be seen that for the smaller angle (θ = 5o), received power from RRH1 (red) and RRH2 (blue) has smaller gap; while, for the larger angle (θ = 30o), RRH3 (black) would cause more interferences.
 
· Observation 2: The antenna tilt angle of θ (combined with the antenna radiation pattern) at RRHs has great impact on the normalized received power at UE.

· Proposal 2: To specify the antenna radiation pattern and the tilt angle of θ at RRHs for further study on unidirectional HST SFN.

3 Conclusion 

In this contribution, we share our view on the unidirectional HST SFN channels:

· [bookmark: _GoBack]Observation 1: When a train is running at speed up to 750km/h, the Doppler shift would almost reach the CRS-based estimation limit for a legacy UE. It would be very challenging for a legacy UE to accurately estimate that high Doppler shift, especially when SNR is low, in the unidirectional RRH SFN. 

· Observation 2: The antenna tilt angle of θ (combined with antenna radiation pattern) at RRHs has great impact on the normalized received power at UE.

Therefore, we propose that:

· Proposal 1: To specify if enhanced reference signal is needed for such high speed scenarios.

· Proposal 2: To specify the antenna radiation pattern and the tilt angle of θ at RRHs for further study on unidirectional HST SFN.
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