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1 Introduction
In RAN4 meeting #76bis, in order to overcome the downlink performance degradation due to positive/negative high Doppler shifts, the unidirectional RRH arrangement in SFN scenarios was proposed and the related topics were extensively discussed, including RRH arrangement, handover, performance evaluation and performance comparison, high FBR/FSR (font-to-back radio/font-to-side ratio) antenna, power control, and the impact of unidirectional deployment on the uplink performance in [1~11]. According to the proponent and our understanding, the main attractive advantages are that the unidirectional deployment can enhance the downlink performance without the change on the legacy UE and that it could be applicable to the scenario with the train velocity even higher than 350km/h.

In this contribution, we would like to further evaluate the uplink coverage for the unidirectional deployment.
2 Discussion
2.1 Scenarios
The scenarios for Bidirectional and Unidirectional RRH arrangement are shown in Figure 1.
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(a) Bidirectional RRH arrangement
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(b) Unidirectional RRH arrangement

Figure 1: Deployment scenario for bidirectional arrangement and unidirectional arrangement

2.2 Link budget
Generally the high speed train moves in the open space and there is LOS path between the BS and the train. So we could use the Cost231-Hata model for the link budget calculation:
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where HBS and HUE are the height of BS and UE, and f is the carrier frequency and C is the link budget constant for open space, e.g., C =-15dB. In Table 1, we provide the uplink link budget calculation. Given the typical value, the coverage for one site is around 1km according from the aspect of uplink signal quality.
For the receiver only receiving the signal from one direction, the coverage is less than half of the receiver which can use two RRHs to receive the signal from one UE. In other words, even if assuming that BBU select one RRH with the best signal quality to receive the signal, the uplink coverage of BS with the bidirectional receiver is double of that of BS with unidirectional receiver.
Considering that usually the uplink is the bottleneck for the coverage, the RRH arrangement with bidirectional receiver will be more preferable.
Table 1: Uplink link budget calculation

	Parameters
	
	High speed train

	Tx
	Carrier frequency
	MHz
	2700

	
	RB number
	MHz
	0.18

	
	Maximum transmit power
	dBm/RB
	23

	
	Maximum antenna gain
	dBm
	0

	
	EIRP/RB
	dBm/RB
	5 

	
	Penetration loss
	dB
	29

	Rx
	Thermal noise spectrum density
	dBm/Hz
	-173.98

	
	Thermal noise power
	dBm/RB
	-121.42

	
	Receiver noise figure
	dB
	3

	
	Receiver noise power
	dBm
	-118.42

	
	Minimum required SINR per RB 
	dB
	0

	
	BS receiver sensitivity
	dBm
	-118.42

	
	BS antenna gain
	dB
	20

	
	BS minimum receiving power level
	dBm
	-138.42

	Coverage
	Maximum allowable path loss
	dB
	115.42 

	
	BS height
	m
	30

	
	Radius of coverage
	km
	0.465×2


3 Conclusions
In this contribution, we provide the analysis for the uplink coverage for the RRH arrangement with the bidirectional receiver and the unidirectional receiver. It seems natural that the bidirectional receivers are more desirable 
4 Reference
[1] Ericsson, R4-155743, “Unidirectional RRH Arrangement in HST SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[2] Huawei, HiSilicon, R4-155659, “Analysis of the unidirectional deployment under the identified SFN scenario”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[3] Ericsson, R4-156658, “Handover in unidirectional SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[4] Ericsson GmbH, Eurolab, R4-155748, “Evaluation of Unidirectional RRH arrangement in HST SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[5] Ericsson GmbH, Eurolab, R4-155749, “Antenna for Unidirectional RRH Arrangement in HST SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[6] Ericsson GmbH, Eurolab, R4-155750, “UL PC for Unidirectional RRH Arrangement in HST SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[7] Ericsson, GmbH, Eurolab, MediaTek, R4-156884, “TP Channel Model for Unidirectional RRH Arrangement in HST SFN”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[8] MediaTek, R4-156020, “Channel model for Unidirectional RRH deployment”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[9] MediaTek, R4-156021, “Performance comparison between Bidirectional and Unidirectional deployment”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.

[10] Ericsson, R4-156135, “Analysis of BS RX Doppler in bistatic unidirectional deployment”, 3GPP TSG-RAN WG4 Meeting #76bis, Sophia Antipolis, France, October 14 – 16, 2015.
_1507995271.vsd

_1508638091.unknown

_1508647202.unknown

_1508637929.unknown

_1507995257.vsd

