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1 Introduction

In this contribution we provide link simulation results for legacy UEs (Rel.8-12) operating in an SFN configured with a unidirectional RRH arrangement. The channel model and simulation setups are provided in [1], and further details on the unidirectional approach are provided in [2]. Three UE speeds are simulated: 350, 500 and 750km/h.
2 Link simulation setup
The setups used in the simulations are shown in Table 1, and the network deployment is illustrated in Figure 1. An exemplary antenna as described in [1] is assumed, with FBR and FSR of about 30dB. The antennas are oriented along, but rotated 5º towards, the track.
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Figure 1: Unidirectional RRH arrangement used for simulation. Ds/Dmin is 1000m/30 m and 500m/15m, respectively. The antennas are slightly rotated towards the track to improve the signal quality. Time skewing is applied. 
Two inter-site distances Ds are investigated: 500 and 1000m. The ratio between Ds and the track-to-RRH distance is kept the same, and the two Dmin used are 15 and 30m, respectively. During the simulations the UE passes multiple RRHs.
Table 1: Simulation parameters
	Parameter
	Value

	Ds [m]
	500
	1000

	Dmin [m]
	15
	30

	SFN configuration
	Unidirectional

	Beam rotation towards track
	5º 

	RRH time skewing
	2.35µs

	UE velocity [km/h]
	350
	500
	750
	350
	500
	750

	Max Doppler [Hz] 
	875
	1250
	1875
	875
	1250
	1875

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth [MHz]
	5
	20
	20
	5
	20
	20

	DL TX ports
	1 TX

	Outer loop link adaptation
	On


3 Simulation results
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Figure 2: Throughput for legacy UE at speeds 350 and 500km/h (Ds 500m, Dmin 15m, BW 5MHz)
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Figure 3: Throughput for legacy UE at speeds 350, 500 and 750 km/h (Ds 500m, Dmin 15m, BW 20MHz)
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Figure 4: Throughput for legacy UE at speeds 350 and 500km/h (Ds 1000m, Dmin 30m, BW 5MHz)
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Figure 5: Throughput for legacy UE at speeds 350, 500 and 750km/h (Ds 1000m, Dmin 30m, BW 20MHz)
Simulation results for the Unidirectional RRH arrangement are shown in Figure 2 and Figure 3 for Ds 500m and Dmin 15m, and Figure 4 and Figure 5 for Ds 1000m and Dmin 30m, for BW 5 and 20MHz, respectively. Corresponding results for the same UE operating in a Bidirectional RRH arrangement with ideal antennas are shown for reference. For both inter-site distance alternatives the pathloss when going from one RRH to the next is 30dB, meaning that only when the transmit signal levels are such that the maximum SNR is above 30dB, the minimum SNR will be above 0 dB.

The simulations consistently show good performance for the unidirectional RRH arrangement, with only a small degradation for higher UE speeds. Even for 750km/h the achieved performance is close to the maximum throughput, which is about 18 and 75Mbps for 5 and 20MHz bandwidth, respectively.

Observation 1: With a unidirectional RRH arrangement UE speeds of at least 750km/h can be supported while still achieving acceptable throughput (above 80% of the theoretical maximum).
Observation 2: Although the performance of a legacy UE operating in a unidirectional RRH arrangement is nearly insensitive to the speed, there is a speed-dependent degradation. The cause might be that the outer loop link adaptation becomes less accurate when the UE is moving at high speed, but it is still to be determined.   
Proposal 1: Interested companies shall provide corresponding simulation results for alignment at RAN4#77.
4 Conclusion

In this contribution we have shared simulation results for a legacy UE operating in a SFN with a unidirectional RRH arrangement. The following observations were made:

Observation 1: With a unidirectional RRH arrangement UE speeds of at least 750km/h can be supported while still achieving acceptable throughput (above 80% of the theoretical maximum).
Observation 2: Although the performance of a legacy UE operating in a unidirectional RRH arrangement is nearly insensitive to the speed, there is a speed-dependent degradation. The cause might be that the outer loop link adaptation becomes less accurate when the UE is moving at high speed, but is still to be determined.
Moreover it is proposed that other companies conduct the same simulations for alignment purpose.
Proposal 1: Interested companies shall provide corresponding simulation results for alignment at RAN4#77.
A TP for including the simulation results in 36.878 [4] is provided in [3].
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