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Abstract: In this contribution, we propose one annex for informative provision. Specifically, minimum functional and performance requirements are listed for achieving real FRMCS. Since the target release version of FRMCS study item is Rel. 15., more enhanced and sophisticated requirements should be provided in this techical report.
--------------------------------- Start of Contribution ---------------------------------------

Annex A: Minimum functional and performance requirements for real FRMCS
In this annex, minimum functional and performance requirements are provided for FRMCS to be real in a communication perspective. Also, we introduce a verified LTE-R test-bed functional and performance results in a commercial railway, which shows that the FRMCS has promising possibility to be real, and the possibility can be accelerated when using LTE Rel. 15.

Minimum functional requirements
In a communication perspective, the followings can be minimum functional requirements for LTE based railway communication systems. The contents of each function and each digital radio equipment are described in detail in [5]-[6].
	Service
	Detailed service
	Description
	Mandatory/Optional

(M/O)

	Voice service
	Individual voice call
	The system shall support voice calling between two callers.
	M

	
	Public emergency call
	The system shall allow the user to make a public emergency call.
	M

	
	Broadcasting voice call
	The system shall support a broadcasting call.
	M

	
	Group voice call
	The system shall support a group call.
	M

	
	Multi-party voice call
	The system shall support a multi-party call between at least 3 different parties.
	M

	Data service
	Multimedia message service
	The network shall support point-to-point and point-to-multi-point message transmission from the ground to mobile radio equipment users.
	M

	
	General data service
	The system shall support broadband data communication between ground and mobile radio equipment users.
	M

	
	Train control service
	The system shall support seamless data communication for stable train control.
	M

	Video service
	Individual video call
	The system shall support video calling between two callers.
	M

	
	Group video call
	The system shall support group video calling.
	M

	
	Video information transmission
	The system shall support the video information transmission function related to safe train operation.
	M

	Call related service
	Receiver

/Caller

ID display
	The equipment shall display the receiver or caller ID in the form of a standard telephone number.
	M

	
	Receiver

/caller ID display restriction
	The system shall allow the ID of a specific user to be prevented from being displayed on the mobile radio equipment.
	O

	
	Priority and preemptive right
	A function in which a call is allocated to the member who has top priority among the members who have different priority levels shall be provided.
	M

	
	Closed user group
	The user group who can access the Korean railway integrated radio network from outside shall be restricted.
	M

	
	Call transfer
	The incoming call or data message for one user shall be transferred to other devices in the network.
	M

	
	Call holding
	The network shall allow the user to hold a call temporarily from an existing call.
	M

	
	Call waiting
	The network shall be able to notify the user of the existing call that another user is attempting to access.
	M

	
	Charging information
	When there is a network service charge, the network shall be able to provide the information on call charge and ongoing call charges.
	O

	
	Call restriction
	The system shall be able to restrict a call using the network management or maintenance facility.
	M

	
	Automatic answering service
	A call shall be answered automatically according to the priority of an incoming call.
	M

	
	All voice/

Video call recording
	A call shall be answered automatically according to the priority of an incoming call.
	M

	Railway specialized service
	Functional addressing
	The system shall provide the addressing system in which the controller can set communication with the train driver using train number
	M

	
	Location-dependent addressing
	The system shall provide the location-dependent addressing system in order to identify the destination number, which varies depending on the location of users
	M

	
	Railway emergency call
	The network shall provide the system to handle a voice call with high priority for a railway emergency call
	M

	
	Shunting mode
	The network shall provide the system to regulate and control the user’s access to the function and features of mobile radio equipment being used for shunting mode communication
	M

	
	Direct communication
	The system shall support direct communication between terminals in the event that an LTE-based railway communication service is not normally available due to a failure in eNB.
	O


Minimum performance requirements

In the following table, specific performance requirements are listed as a base line of performance requirements for real FRMCS. The detailed performance of a railway communications system and the contents of the interface for each equipment are described in detail in [5]-[6].
	Items
	Description
	Remarks

	Coverage

and performance
	Coverage shall be continuous from a time and space perspective, and the temporal and spatial range to guarantee stability shall be more than 98% based on the vehicle being equipped with an external antenna.

The network shall be able to accommodate the mobile terminal for railway communication.

The system shall be able to provide communication when moving at track speed limit or 500 km/h, whichever is lower.
	

	Call setting time
	Railway emergency call < 1s(90%), < 2s(100%)

Broadcasting or group call < 1s(90%), < 2.5s(100%)

All voice/video calls that do not correspond to the above

< 3.5s(90%), < 5s(100%)
	*

External PSTN connection not considered

	Handover

success
	The network shall be able to have seamless data transmission, and the handover success rate shall be 99% or more.
	

	Call access success
	The call access success rate shall be 99% or more.
	

	Connection drop rate
	The system shall be able to guarantee a call disconnection rate less than 0.01 times per hour during a lengthy call
	

	Train control data transmission
	The network shall guarantee more than 99% data reliability to transmit data for train control.

Train control data shall have top priority.
	

	Network redundancy
	The network including eNB equipment, core equipment and server shall be designed to be redundant for stability and availability.
	However, the application scope of redundancy is determined by the operator.

	Broadcasting and group call area
	Radio equipment in a restricted area can participate in broadcasting and group call, and the radio equipment out of broadcasting and group call area during call shall be excluded from call.
	


Note that all the functionalities and performance requirements except for the high speed (500km/h) listed in the above have been shown to be fully supported by LTE Rel. 9, which have been validated in a commercial railway with a length of 54.2km [7]. Also, train control service named as KRTCS has been shown to be feasible by handling priorities among multiple data, where the control level of KRTCS is ETCS level 3 in a train control perspective. All the specific test scenarios and test-bed results along with KRTCS have been validated in a commercial railway [8].
