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Discussion
1 Introduction
The chairman notes in previous meeting has the following agreement,

R4-155157
Way forward on unidirectional RRH arrangement[1]


Agreement: Both Bidirectional and Unidirectional RRH Deployments will be studied under the SFN scenario
The channel model for Unidirectional deployment is proposed in our companion paper[2]. In this paper, the performance is compared between Bidirectional and Unidirectional deployment in order to clarify two issues,

1. What’s the impact of ICI to the performance in the Bidirectional deployment?

2. What’s the impact of the RRH distance to the performance in the Unidirectional deployment?
Our simulation results can provide some insights for the two issues.

2 Simulation results and the settings
In TABLE 1 and 2, the different RRH configurations are considered. The 2x2 TM3 with link adaptation in 10MHz bandwidth is conducted. Please remember that for the Bidirectional case, it is agreed that the received power is normalized to the instantaneous total received power in order to facilitate the FRC test. We want to emphasize that the normalization is not performed here so that we can see how the link adaptation is operated according to the decay of the total received power. We also believe that by doing so the comparison is fair between Bidirectional and Unidirectional cases.
Some notes in the simulation setup,

· TX 6% EVM is added

· Realistic timing estimation and FFT window adjustment
· Realistic channel and noise estimation, and the algorithms are enhanced to deal with the shifted Doppler spectrum for Bidirectional deployment. The legacy algorithms are applied to the Unidirectional case. 
· Realistic frequency offset tracking and compensation

· Reporting periodicity = 5ms 

The main difference between TABLE 1 and 2 is the Ds, the distance between two RRHs. The max SNR occurs when the UE is at the distance of Dmin from the RRH, which is indicated in Fig. 1. Note that the max SNR is also related to the transmission power from the RRHs. 
Fig. 2 shows the throughput performance in the case of Ds = 1000m. Our results show that the Bidirectional deployment can provide better throughput. To understand the detail we may look at Fig. 4 and Fig. 5, in which the reported CQI index and the equivalent SNR through mutual information conversion are plotted for both deployment scenarios. As the UE passes by the middle of two RRHs, the received power is enhanced in Bidirectional deployment, however in Unidirectional side the received power continues to decay. 
The result in Fig. 6 is more interesting, in which the Ds = 300m. At higher value of max SNR, the Unidirectional deployment has better throughput. The throughput of Bidirectional one becomes saturated as the max SNR moves higher. Let’s further look at Fig. 8 and Fig. 9. When the UE is at the middle of two RRHs, the equivalent SNR from the Bidirectional deployment is lower than that in the Unidirectional one. This is the evidence of showing the impact of ICI, which will be observed in Bidirectinal deployment whereas it is not the issue in Unidirectional deployment.

Fig. 10 and Fig. 11 also show the details but with lower value of max SNR. It is also observed that in the middle of two RRHs, the Bidirectional deployment still has lower equivalent SNR than that in the Unidirectional deployment. However, the signal power decay in Unidirectional deployment becomes the dominant factor for performance degradation.   
From the UE design point of view, more efforts are needed to deal with the abrupt change of Doppler frequency and the shifted Doppler spectrum in Bidirectional deployment. Some advanced algorithms are required. On the other hand, the Unidirectional deployment shows the advantage of simply applying the legacy algorithms for the UE implementation.  
Based on the above, we have the following observations and proposals,
Observation 1, The path loss may dominate the performance degradation in Unidirectional deployment when the distance between RRHs is longer.
Observation 2, The ICI may dominate the performance degradation in Bidirectional deployment at higher SNR region. And also when the distance between RRHs is shorter, the Unidirectional deployment can outperform the Bidirectional one in throughput performance. 
Observation 3, The trajectories of the frequency offset tracking and the SNR estimation are more stable in Unidirectional deployment. 
Observation 4, Advanced algorithms are required to deal with the abrupt change of Doppler frequency and the shifted Doppler spectrum in Bidirectional deployment.

Proposal 1, From the evaluation in downlink part, we also see the value by the Unidirectional deployment. So we suggest the way forward should be to build up and agree the channel model for the Unidirectional deployment, which is for further joint evaluation with Bidirectional deployment. 

Proposal 2, If the Bidirectional deployment has been widely applied by the operators, the UE receivers should be able to provide comparable performance.
	Parameter
	value

	Ds
	1000 m

	Dmin
	10 m

	v
	350 km/h

	Max Doppler
	875Hz


TABLE 1, Setting for simulation case 1
	Parameter
	value

	Ds
	300 m

	Dmin
	10 m

	v
	350 km/h

	Max Doppler
	875Hz



TABLE 2, Setting for simulation case 2
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Fig. 1, Definition of the Max SNR in the simulation. 
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    Fig. 2, Throughput for Ds=1000m case           Fig. 3, Average reported CQI for Ds=1000m case
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Fig. 4, Trajectories of estimated CQI index and equivalent SNR for Bidirectional deployment for Ds=1000m
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Fig. 5, Trajectories of estimated CQI index and equivalent SNR for Unidirectional deployment for Ds=1000m
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Fig. 6, Throughput for Ds=300m case           Fig. 7, Average reported CQI for Ds=300m case
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Fig. 8, Trajectories of estimated CQI index and equivalent SNR for Bidirectional deployment for Ds=300m and the max SNR= 45dB
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Fig. 9, Trajectories of estimated CQI index and equivalent SNR for Unidirectional deployment for Ds=300m and the max SNR= 45dB
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Fig. 10, Trajectories of estimated CQI index and equivalent SNR for Bidirectional deployment for Ds=300m and the max SNR= 35dB
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Fig. 11, Trajectories of estimated CQI index and equivalent SNR for Unidirectional deployment for Ds=300m and the max SNR= 35dB
3 Conclusion 
We have the following observations and proposal,
Observation 1, The path loss may dominate the performance degradation in Unidirectional deployment when the distance between RRHs is longer.

Observation 2, The ICI may dominate the performance degradation in Bidirectional deployment at higher SNR region. And also when the distance between RRHs is shorter, the Unidirectional deployment can outperform the Bidirectional one in throughput performance. 

Observation 3, The trajectories of the frequency offset tracking and the SNR estimation are more stable in Unidirectional deployment. 

Observation 4, Advanced algorithms are required to deal with the abrupt change of Doppler frequency and the shifted Doppler spectrum in Bidirectional deployment.

Proposal 1, From the evaluation in downlink part, we also see the value by the Unidirectional deployment. So we suggest the way forward should be to build up and agree the channel model for the Unidirectional deployment, which is for further joint evaluation with Bidirectional deployment. 

Proposal 2, If the Bidirectional deployment has been widely applied by the operators, the UE receivers should be able to provide comparable performance.
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