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1 Introduction
In this contribution we present how constant frequency offsets can be exploited for improved performance of PRACH, PUCCH, and PUSCH.
2 Discussion
There are two possibilities when it comes to RRH arrangement for UL RX:

· UL RX and DL TX oriented in the same direction, and

· UL RX and DL TX are oriented in opposite directions
2.1 Unidirectional RRH arrangement
With UL RX and DL TX in the same direction the base station will experience twice the Doppler on UL RX, but the Doppler will be constant i.e. no sign alternations. This configuration is backwards compatible with unmodified Rel-8 terminals.
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Figure 1: Rel-8 compatible unidirectional RRH SFN arrangement. The DL Doppler shift is kept constant (no sign alternation), hence the transmissions on UL are received with a constant frequency offset. 
The UE and the BS receives the signal from the same direction the whole time, meaning that it experiences a constant Doppler shift with only a minor ripple of a few 100 Hz when passing a sidelobe of an RRH (see figure 2 for details). Hence the uplink transmit frequency will have a constant frequency offset, amounting to twice the Doppler shift. All UEs onboard the same train will experience and display the same signal characteristics, and for instance RACH preambles will be sent by all UEs at the same subcarrier offset, which reduces misdetection in the PRACH detection.
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Figure 2: Path loss and Doppler shifts associated with a moving UE with •
UL RX and DL TX oriented in the same direction. From Dmin = 30m, Ds = 1000m, f = 2.7GHz and speed 250 km/h.
2.1.1 PRACH

As already pointed out above, all UEs onboard the same train will display the same frequency offset characteristics. This narrows down the frequency offsets to take into account e.g. at PRACH detection from a continuous range between positive and negative Doppler, to a few discrete frequency offsets. This is particularly desirable since PRACH is using a subcarrier spacing of 1.25 kHz and hence is more susceptible to frequency offsets than other channels that use 15 kHz subcarrier spacing. 
Detecting Doppler characteristics of a UE during the initial access, assigning the UE to a group of UEs with the same Doppler characteristics (moving in first direction, moving in second direction and nearly stationary), and reconfiguring the UE to use a PRACH configuration that is unique to said group of Ues will improve performance of overlapping physical resources, i.e. PRACH and PUCCH
2.1.2 PUCCH
By only allowing UEs with same frequency offset characteristics to share resources, orthogonality and cross-correlation properties among the information transmitted by the UEs can be maintained. This can be done through configuring UEs within a group to have PUCCH allocations that are using the same resources (resource blocks) and by detecting whether a UE deviates from the group characteristics, and if so move the UE to another group and reconfigure the UE accordingly with respect to PUCCH allocations. This significantly reduces Doppler-induced interference and as a consequence improves the PUCCH decoding performance.
2.1.3 PUSCH

The fact that the UE receives the signal from the same direction the whole time, meaning that it experiences a constant Doppler shift with only a minor ripple also improves PUSCH frequency offset estimation and leads to better overall demodulation performance.
2.2 Bi-static Unidirectional RRH arrangement

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 3, the intention is that each site provides coverage in only one direction along the track. 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. 
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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 4. 

The UL Doppler shift is in Figure 4, 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 4, 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 4: 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.

The absence of significant frequency offsets regardless of whether the UE is travelling at speed or is stationary improves the PRACH detection performance in the base station and allows all PRACH sequences to be used, i.e., there is no need for restricting the set. This same thing is true for PUCCH and PUSCH performance as well.

An altered UE behavior is needed for determining the appropriate power level to use for the initial PRACH transmission since the regular logic – the more pathloss experienced on the downlink the higher output power to use – is not applicable. Instead a large distance from the DLTX implies that the UE is close to the ULRX, and hence shall lower the output power.
3 Conclusion

In this contribution we present how constant frequency offsets can be exploited for improved performance of PRACH, PUCCH, and PUSCH for both the mono-static and bi-static versions of the Unidirectional deployment. A companion TP for the TR can be found in [1].
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Figure 3: Unidirectional Beam Arrangement.
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