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1. Introduction and Proposal
The goal of this document is to present information which deployment scenarios could be considered by Operators to cover high speed train railways. Typical scenarios and system parameters are presented to give companies a guideline for more detailed system investigations. As found in recent RAN4 WI we propose a step by step approach which starts with agreement of a system scenario. In the next step it is recommended to define all the relevant parameters for this scenario. Further investigation of the system behaviour inside this scenario considering the basic parameters will be followed.
2. System Design Proposal and Recommendations
The mostly preferred deployment scenario for 3G services like HSDPA for high speed railway coverage is the use of dedicated systems along the railway line. Several options are possible. 

· NodeB along the railway

· NodeBs and (cascaded) RF Repeaters

· 
· Please note: In train Repeater can be assumed in every case
The use of highly directional antennas to optimize and fit the shape of the cells is needed. (Linear deployment with two sectorized sites). 
[image: image1][image: image3.emf]Outdoor coverage:     Optimal site to site distance:   2000 - 2500m without intrain repeater     5000m with intrain repeater    Distance between site and track:   100 - 250m   Penetration losses ( train ):   25  d B   Max. Output power Node B:   43dBm   Maximum train speed:   250 - 3 5 0km/h   Antenna:   Dualband antenna (18dB gain and 18° - 65° beam width).       Tunnel coverage:     Max. Output Power repeater:     27 - 33dBm   S ite to site distance (repeater):     approx. 1500m, but it depends on the tunnel type.   Used equipment:         optical repeater with antenna or leaky feeder  


[image: image4.emf]Outdoor coverage:     Optimal site to site distance:   2000 - 2500m without intrain repeater     5000m with intrain repeater    Distance between site and track:   100 - 250m   Penetration losses ( train ):   25  d B   Max. Output power Node B:   43dBm   Maximum train speed:   250 - 3 5 0km/h   Antenna:   Dualband antenna (18dB gain and 18° - 65° beam width).       Tunnel coverage:     Max. Output Power repeater:     27 - 33dBm   S ite to site distance (repeater):     approx. 1500m, but it depends on the tunnel type.   Used equipment:         optical repeater with antenna or leaky feeder  


Example for railway coverage with NodeB and High Power RF Repeater


Due to the high path loss caused by the design of the train cars and if it’s impossible to reach coverage from outside, in train repeater are used. It is worth also to mention that the high speed railways often designed with a big number of tunnels, which has to be considered as well as the special shape of the high speed railway in half pipe size to protect the train from side winds. In the following chapter we are starting with proposing a list of parameters which are based on field experience during recent coverage projects as a basis for a reference system deployment scenario. Further discussion of this numbers is recommended between companies and operators in RAN4.
2.1. UMTS Link Budget Parameter

	NodeB

	Output Power (dBm)
	43

	Pilot Power (CPICH) (dBm)
	33

	Total Power of Control Channels (dBm)
	36

	
	

	
	

	
	

	Antenna Gain (dBm)
	18

	Downlink Losses (dB)
	3 -4,5

	Uplink Losses (dB)
	0 for TMA use

	NF NodeB
	w/wo TMA. tbd

	Frequency (MHz)
	2110

	User Equipment

	Max. Output Power (dBm)
	19dBm,  2dB Tolerance

	Antenna Gain (dB)
	0

	Body Loss (dB)
	t.b.d.

	Margin

	Shadowing Margin (dB)
	7 -11

	Interference Margin (dB)
	4

	SHO Gain (dB)
	2

	Edge of Cell Receiver Interference Rise (dB)
	4

	In-Train

	Penetration Loss without In train Repeater (Cars) (dB)
	25 - 30

	With in train Repeater
	

	In Train Repeater Gain (dB)
	70

	NF in train Repeater
	t.b.d.

	Losses between Antenna and Repeater (dB)
	3

	Losses of leaky (couple-/lenghtloss) (dB)
	70

	Losses between UE – leaky feeder (dB)
	2

	Service  

	HSDPA 
	

	Data rates
	


2.2 Recommendations
The recommendations listed below can be understood as a basis for discussion. 

· About site engineering for tunnel coverage, the use of repeaters is recommended. Typical donor antennas recommended are 10 dBd-gain “Yagi” antennas.  
· For standard macro layer, the optimal site to site distance is:

· 2000-2500m without in train repeater 

· Note: this figure is the worst case and is highly related train penetration losses.
· 5000m with in train repeater 
· Note: this figure is the worst case and is highly related train penetration losses.

· For standard macro layer, the optimal distance between site and track is 100-250m . 250m minimum are preferable in speed of more than 250km/h.

· For the standard macro layer, the maximum Output power Node B recommended is 43dBm.
· For the standard macro layer, the Minimum required RSCP (InTrain) recommended is xxx for HSDPA???
· 
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Outdoor coverage:

Optimal site to site distance:
2000-2500m without intrain repeater



5000m with intrain repeater 


Distance between site and track:
100-250m


Penetration losses (train):
25 dB


Max. Output power Node B:
43dBm


Maximum train speed:
250-350km/h

Antenna:
Dualband antenna (18dB gain and 18°-65° beam width).






Tunnel coverage:


Max. Output Power repeater:

27-33dBm


Site to site distance (repeater):

approx. 1500m, but it depends on the tunnel type.


Used equipment:



optical repeater with antenna or leaky feeder



