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1 Introduction

A modified arrangement for RRH based model was presented in [1] where it was shown that the Unidirectional Beam Arrangement where UL RX and DL TX are oriented in opposite directions, can significantly reduce the Doppler shift alterations to a ripple and that this ripple constitutes only a fraction of the frequency shift experienced by the UE in a conventional beam arrangement. 

In this paper we turn the focus to the UL and BS reception and apply the Unidirectional Beam Arrangement to the PRACH detection problem outlined in [2] and [3].
2 Discussion

We start with repeating some descriptions from [1]. In this deployment configuration the UE receive DL transmissions from an antenna in one direction and its UL transmission is received by an antenna in another direction. With the modified arrangement in Figure 1, the intention is that each site provides coverage in only one direction along the track, 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. This was shown in [1].


However in this contribution we focus on the RRH uplink. Receiving the DL from a single direction implies that the UE will experience a virtually constant Doppler shift towards which it tunes its downlink carrier frequency and its internal reference frequency. When transmitting on the uplink, the UE uses an UL carrier frequency that displays the same Doppler shift. When the transmitted signal is received by an antenna in the opposite direction, the signal propagating from the UE towards the RX antenna will display essentially the same Doppler shift, but with opposite sign and as a result the signal received by the antenna will be at nominal UL carrier frequency and without Doppler shifts. This is shown in figure 2. 

The UL Doppler shift is in Figure 2, RRH received frequency. The UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, despite the high speed, 500 km/h and the relative high Wide Area band used (2.7 GHz). This can be seen in Figure 2, RRH received frequency. An antenna has a finite front-to-back ratio and this is the cause of the deviation from zero Doppler. The front-to-back ratio assumed in this simulation is 30 dB.

Observation 1: By unidirectional beam arrangement the UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, where it is not zero but reduced to a fraction of the maximum Doppler shift.
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Figure 2: Path loss and Doppler shifts associated with a moving UE with UL RX and DL TX in opposite directions. From Dmin = 30m, Ds = 1000m, f = 2.7GHz and speed 500km/h.
This configuration requires more active power control of the UE, or modified UE behavior, since a high path loss would mean that a low TX power should be used, i.e. the opposite compared to how legacy terminals operate.
2.1 PRACH detection at high Doppler


In [2] it is observed that
 the 3GPP standard support either a strong main peak or secondary peak. 
A restricted set of cyclic shifts is defined in sub clause 5.7.2 of 36.211 to cope with higher speeds when the main peak becomes weak but there is still a significant secondary peak. However, at higher frequencies both the main and secondary peaks become weak as shown in Figure 3. This happens around 350 km/h for the highest bands in the HST RAN4 specification, B1 and B7. The same observation can be found in [3-4].
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Figure 3: Matched filter output

In [4] in is observed that: “Observation : The higher Doppler frequency will cause random access failure of the due to correlation shifted out of the detection window or due to high interference from other users with high Doppler frequency.

Proposal : PRACH enhancement should be considered for the scenario with the higher UE speed beyond 350km/h or with the higher frequency band.

The Unidirectional Beam Arrangement in Figure 2 offers an immediate resolution the PRACH detection problem at high speeds since it reduces the high Doppler, which is the root cause of the problem. In the Figure 2 example of 500 km/h and 2.7 GHz we get Doppler in the interval of ±350 Hz instead of ±2500 Hz and that is well within the working range of any UE device. Furthermore, the solution relies solely on a network deployment configuration so it is compatible with an LTE UE from release-8 and up.

3 Conclusion

The Unidirectional Beam Arrangement in offers an immediate resolution to the PRACH detection problem at high speeds since it reduces the high Doppler, which is the root cause of the problem. For the example of 500 km/h and 2.7 GHz we get Doppler in the interval of ±350 Hz instead of ±2500 Hz and that is well within the working range of any UE device. 

Observation 1: By unidirectional beam arrangement the UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, where it is not zero but reduced to a fraction of the maximum Doppler shift.

Furthermore, the solution relies solely on a network deployment configuration so it is compatible with an LTE UE from release-8 and up. This configuration requires more active power control of the UE, or modified UE behavior, since a high path loss would mean that a low TX power should be used, i.e. the opposite compared to how legacy terminals operate.
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Figure � SEQ Figure \* ARABIC �1�: Unidirectional Beam Arrangement.








