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Introduction
In the way forward [1]…
Performance Evaluations
Channel model 
The channel model for the unidirectional deployment scenario should be based on the SFN scenario in section 6.2.3.1, “SFN scenario (RRH sharing the same cell id)” in the TR [2]. The parameters to the propagation conditions may be based on the WF [3]. That is two scenarios
1) Dmin=300m and Ds=1km
2) Dmin=5m and Ds=500m
For the evaluation of requirements for it is proposed to use 500km/h. Thereby the maximum Doppler frequency is fd= 1250 Hz and the Doppler shift model should be based on the model for unidirectional deployment in section 6.4.3.3 in the technical report [2]. The model of the directional antenna, whether it is an ideal directional antenna or if the model investigated in the TR shall be used has to be discussed. 
The directional antenna as described in the TR is used.


[bookmark: _Ref450831125]Figure 1: Assumed antenna radiation pattern for RRH DL TX and UL RX antennas in Unidirectional SFN scenario.

Channel Model
The channel model used for the study item was using three paths and since the unidirectional deployment is only transmitting in one direction it is less sensitive to more paths since they are transmitted further away. 
The power of the taps are normalized in order to always receive the same power.

Simulations

Simulation Results
Below simulation results from the unidirectional deployment are shown. First the AFC frequency updates are plotted for the two scenarios that are evaluated. 
For the case when the RRH is placed very close, 5 m,  to the rail it is seen that the frequency is very stable except when the UE is passing the train at 500m (about 5000ms), 1000m etc. 
For the case when the RRH is far (300m) from the rail, it is seen that the backlobes starts to interfere already when the UE is about 300 m before it passes the RRH, then in this deployment the direction to the UE is about 45 degrees and then the antennagain according the antenna-diagram in Figure 1is very low. In this case the signal from the next RRH is probably interfering. 
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Figure 2: SNR=20 dB for Ds=500m and Dmin=5 m
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Figure 3: SNR=20 dB for Ds=1000m and Dmin=300 m
The throughput simulations for the case of Ds=500m and Dmin=5m, shows the maximum throughput is reached at reasonable levels. 
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Figure 4: Throughput performance of unidirectional for SFN Scenario 2d with fixed MCS=19.
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Figure 5: Throughput performance of unidirectional for SFN Scenario 2d with Follow CQI

For the other scenario with 1000 m between the RRH:s and 300 m from the rail, see Figure 5. 
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Figure 6: Throughput performance of unidirectional for SFN Scenario 2d with Fixed MCS 19
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[bookmark: _Ref450898018]Figure 7: Throughput performance of unidirectional for SFN Scenario 1.
In this scenario the performance has degraded for 875Hz is good and the performance for 1250Hz seems to be quite unstable and very long simulations are needed. The rational for this performance is to a great extent due to the mismatch of the antenna lobe and the trail when the train is close to the RRH. 

 
Discussions
It is shown that the unidirectional deployment works fine for the 500m RRH distance with minimum distance 5 m. The performance with 1000 m RRH distance with minimum distance 300 m is however degraded substantially, especially when the Doppler frequency  is 1250 Hz. That is probably to a large extent due to the antenna pattern since the UE is passing a number of nulls in the antenna pattern with the first one about 300 m from the RRH.  
Observation 1: The performance with the Unidirectional deployment and a legacy receiver is good when the RRH is placed close to the railway, e.g. scenario 2d. 
Observation 2: The performance with the Unidirectional deployment and a legacy receiver is degraded when the RRH is placed far from the railway, e.g. scenario 1 and the antenna beams are transmitted parallel to the railway. 
Proposal 1: Evaluate the performance for unidirectional deployment in scenario 2d further on how to specify requirements
Proposal 2: Evaluate the performance and possibly change the proposed antenna pattern for unidirectional deployment in scenario 1.
Conclusions
Observation 1: The performance with the Unidirectional deployment and a legacy receiver is good when the RRH is placed close to the railway, e.g. scenario 2d. 
Observation 2: The performance with the Unidirectional deployment and a legacy receiver is degraded when the RRH is placed far from the railway, e.g. scenario 1 and the antenna beams are transmitted parallel to the railway. 
Proposal 1: Evaluate the performance for unidirectional deployment in scenario 2d further on how to specify requirements
Proposal 2: Evaluate the performance and possibly change the proposed antenna pattern for unidirectional deployment in scenario 1.
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