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Introduction
In this paper the throughput evaluation of the unidirectional deployment is continued. It considers the aspects of the direction of the RRH antenna pattern and different channel models.
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 Error! Reference source not found.. The parameters to the propagation conditions may be based on the WF Error! Reference source not found.. 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 Error! Reference source not found.. 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.

Direction of the antenna 
In case of the scenario 1? With Ds=1000 m and Dmin=300 m the main lobe shall not be in the same direction as the train, instead it has to be directed to optimize the coverage of the mainlobe. 
The direction from the antenna to the next RRH is 
The Direction of the antenna 



[bookmark: _Ref458521282]Figure 2: Coverage when direction is parallel to the railway track


[bookmark: _Ref458521293]Figure 3: Coverage when direction of the antenna main lobe is 45 degrees rotated compared with the railway track
In Figure 2 and Figure 3, the antenna lobe direction is shown for 0 and 45 degrees compared with the railway track. In evaluations 45 degrees is seen to be a good choice, then the train enters the main lobe just when it passes the RRH, then it will be in the mainlobe until it passes the next RRH. Therefore in the simulations in this paper 45 degress rotation of the antenna pattern is used. 
For the other case with Ds=500m and Dmin=5 m, the direction parallel to the track is used.
Proposal 1: Use 45 degrees rotation of the directive antennas in the RRH:es in the scenario 1000/300m.


Number of RRH per cell
In this case the performance is evaluated with a varying number of radioheads in a cell. This is evaluated by having a channel model with 2, 3 or 4 cells transmitting. 
When simulating this we have evaluated both cases when 
1) the mainlobe is directed in the same direction as the train is moving in (Away). Then the mainlobe is always received from behind.
2) the mainlobe is directed in the opposite direction as the train is moving in (Towards) Then the mainlobe is always received from the forward direction. 

We have done simulations with only two RRH:es, one ahead of us and one behind us, with three RRHs, where we have looked into both the case that we have one behind and two RRH:s ahead of the UE and the other case when there is two RRHs behind the UE and one ahead of the UE. Finally the case with four RRHs is simulated, two behind and two ahead of the UE. 

Simulations

Simulation Results
In Figure 4 the 1000m/300m scenario when antenna patter is Away and Towards the UE direction and two RRH:s are transmitting. The MCS is 19. 
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[bookmark: _Ref458523142]Figure 4: Unidirectional Scenario 1 (1000/300) MCS={19}, _mask = 0 1 1 0
In this case it is shown that the achievable datarate is almost identical for all speeds from Doppler frequency=75Hz, 875 Hz and 1250 Hz. 

In Figure 5. to Figure 7, simulations are shown for the cases with three RRH:s (mask 1 1 1 0 and mask 0 1 1 1)  and finally for four RRH:es in the case (mask 1 1 1 1)
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[bookmark: _Ref458523155]Figure 5: Unidirectional Scenario 1 (1000/300)  MCS={19}, _mask = 1 1 1 0
In Figure 5where three RRH:es are active, two behind and one ahead and the antenna lobes are directed Away from the UE and Towards the UE respectively. In the case of Away, there are two basestations in behind where the UE is in the Main lobe and one basestaion in front of the train where the backlobes are seen by the UE. Here we see a degraded performance in lower SNR when the Doppler frequency is 75Hz but not for higher speeds. The UE moving with 500 km/h (1250 Hz) does not reach the maximum bandwidth, the degradation is less than 0.5 Mbps, about 5%.
When the three RRH:es are active, two behind and one ahead and the antenna lobes are directed Towards the UE. In this case there are two basestations in behind where the UE is in the Back-lobes and one basestaion in front of the train where the Main Lobe are received by the UE. Here we hardly see any degraded performance even for higher speed. 
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[bookmark: _Ref458524145]Figure 6: Unidirect_1000_300_MCS_19_0111.png
In Figure 6, where three RRH:es are active, one behind and two ahead of the UE the results for both when the antenna lobes are directed Away from as well as Towards the UE. In this case there are one basestations behind and two basestations in front of the train. Here we see a degraded performance whe UE moving with 350 and 500 km/h ((875 and 1250 Hz respectively) and the antenna pattern is directed towards the train. In this case when the the direction is Towards and there are two radioheads in front of the train there UE receives signals from the Main Lobe of these two cells. This is similar to the degradation for ‘Away’ cells when there are two active RRH:s behind the UE.
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[bookmark: _Ref458523293]Figure 7: Unidirect_1000_300_MCS_19_1111.png
The last simulation result for the 1000m/300m scenario where there are four RRH:s active, two ahead and two behind. Here we see the same degradation for the 75Hz Doppler channel as seen for the three path model. There is also a degradation also for high SNR for the 1250 Hz channel and the antennas are directed Away from the train.

Observation1: Some degradation is seen for 75Hz channel model which needs to be studied further.
Observation 2: Transmissions from two RRH:es when the distance between RRH:es is 1000 m causes degradations of about 5% of the Max throughput due to the UE receives signals in the main lobe from more than one RRH. This is mainly seen for 1250Hz Doppler frequency.
500/5

In this section simulations for the other scenario, Ds=500m and Dmin=5m are presented. In some of these simulations some instabilities are seen in the simulation results, mainly for 1250Hz Doppler frequency. It can be due to short simulations but need to be studied further.
Similar plots as for the 1000/300 scenario are presented for the 500/5. There are small degradations for high speed also in this case but much smaller than for 1000/300 scenario. Also the degradation does not seem to be dependent on that the UE is in the mainlobe of two RRH or not, as was seen for the 1000/300 scenario. 
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Figure 8: Unidirect_500_5_MCS_19_0110.png, 
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Figure 9: Unidirect_500_5_MCS_19_1110.png, 
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Figure 10: Unidirect_500_5_MCS_19_0111.png, 
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Figure 11: Unidirect_500_5_MCS_19_1111.png

Discussions
In these simulations the performance for unidirectional deployment is shown in a large set of scenarios, with 2, 3 and 4 paths in the channel model and the direction of the antennas. In general, the degradations when going from 75 Hz to 1250 Hz is very limited independent on the number of paths in the channel model and the direction of the antenna patterns. 
There is some degradation of the performance when two RRH:es transmits towards the RRH, so that the UE is in the main lobe of both of them. This is especially seen for the scenario with 1000 m between the RRH:es. This can be explained by that the power of both of these RRH:s is not received during the cyclic prefix. 
Conclusions
Observation1: Some degradation is seen for 75Hz channel model which needs to be studied further.
Observation 2: Transmissions from two RRH:es when the distance between RRH:es is 1000 m causes degradations of about 5% of the Max throughput due to the UE receives signals in the main lobe from more than one RRH. This is mainly seen for 1250Hz Doppler frequency.
Proposal 1: Use 45 degrees rotation of the directive antennas in the RRH:es in the scenario 1000/300m.
Proposal2: Study the different channel-models more before deciding what to base requirements on.
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