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******************************************************************************************
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12.10
Use Case: QoS in a railway environment

12.10.1
Introduction

This system principle use case provides the framework for Quality of Service within the FRMCS System including the railway applications. The main purpose is to specify the list of attributes applicable to the FRMCS bearer service.

Railway applications require a QoS classification ranging from high to low as low is “best effort”. The most important QoS parameters that determine the quality of the transport system are latency of the user data and reliability of the communication. In addition, guaranteed bandwidth assures the continuation of critical communication.

QoS impacts train punctuality and the entire utilisation of the track system. Therefore the FRMCS System has to consider the various QoS requirements.

Apart from high train speed operation, which goes up to 500kmh-1, other fundamental factors affect wireless communication. Railways are facing various radio signal propagation conditions such as in free space and in tunnels. Free space encompasses various structural and constructional scenarios. Railway corridors in hilly terrain or forest aisle are some examples.

Radio propagation in large railway stations and shunting yards is different from the one of the main lines. Moving trains in stations or moving cargo wagons in shunting yards cause different propagation conditions. 

Radio tower site-to-site distance requires special attention. This distance varies depending on the type of area (rural or urban) and is determined by the boundary conditions of the RF signal (e.g. frequency band and power budget). Railways clearly require to deploy FRMCS while keeping the same distance between the radio towers in order to reuse the infrastructure deployed for GSM-R. 

12.10.2
Use case: Quality of Service and railway environment

12.10.2.1
Description

The basis for this use case is the UIC FRMCS URS wherein communication attributes define the QoS to be achieved for the various kinds of railway applications. These attributes are not part of the functional use case description but relevant for the FRMCS System and therefore subject of this use case.

Regarding the URS communication attributes, not all attributes are covered in the QoS use case. The following items are considered: 

· Type of communication

· Latency, the delay between action and reaction

· Session Reliability

· Setup of communication, the time to establish a voice or data communication session

For further details refer to the corresponding use case in chapters 5 – 9. In these chapters the QoS requirements are specified on functional level. A reference is used which refers to real values’ in this QoS use case.

12.10.2.2
Pre-conditions 

The pre-conditions of the functional use cases out of chapter 5 – 9 are applicable.

12.10.2.3
Service flows

The service flows of the functional use cases out chapter 5 – 9 are applicable.

Application categories

Application categories describe the data transfer characteristic to be achieved by a bearer service. The FRMCS System shall consider the following user plane application categories:
Voice 
for user to user or multiuser communication; Voice follows the typical conversational pattern requires low delay inside the transport system;

Critical Voice
follows the voice conversational pattern but requires immediate session setup;

Video
used for visual train remote control or observations purposes; Video requires low jitter;

Critical Video
used for door monitoring by the Driver, passenger surveillance, driverless mode in urban rail;
Very critical data
for future rail applications;
Critical data
follows the response pattern requires high reliable transport. This category comprises future and legacy application e.g. ETCS;

Non-Critical data
used for the exchange of railway system or communication relevant information; requires high reliable transmission and preservation of the response pattern;

Messaging
for the exchange of non-critical short information messages, recorded voice (for example voicemail), data, pictures, video; requires reliable transmission; 

Priority Level

In order to reach the QoS applicable for each application category, transport priority levels are required to differentiate among the application categories.

Service Attributes

From FRMCS User point of view there are two main service attributes latency and communication reliability.

For the Latency two classifications are applicable:

Low

User data delay harms the functioning of the application.

Normal

User data delay does not harm the sequence and progress of the application.

From FRMCS System point of view, latency quantifies the end-to-end user data transport delay between the involved communication entities.

Reliability (%): the amount of sent network layer packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent network layer packets.

Two levels are to be taken into account:

High 

The packet loss at transport level is exceptional rare.

Normal

The packet loss at transport level is seldom.

From the FRMCS System point of view, transport reliability quantifies the end-to-end packet loss (from one FRMCS Equipment to another FRMCS Equipment) between the involved communication entities.

To meet the different application characteristics e.g. conversational pattern, real-time or critical data further itemisation is necessary. The mapping of the service attributes latency and reliability among functional requirements and FRMCS System as well as their target values are summarised in Table 1-1.

	Service Attribute
	FRMCS - Functional Requirement
	FRMCS – System Requirement
	Service Attribute value

	Latency
	Low
	Ultra-Low
	≤10ms

	
	
	Low
	≤100ms

	
	Normal
	Normal
	≤500ms

	
	
	Best Effort
	>500ms

	Transport reliability - 

Packet Loss (%) 
	High
	Ultra-Low
	99.9999%

	
	
	Low
	99.9%

	
	Normal
	Normal
	99%


Table 12.10-1 - Service attribute mapping

Some application categories are time stringent e.g. critical voice or critical data. 

The applications are considered as real-time when the FRMCS functional requirement for the latency is specified as “Low”, according to table 12.10 1.

Session handling

Setup time of a session is essential because of their safety related character. Session setup encompasses the value of the elapsed time between the establishment request and the indication of successful session establishment. The FRMCS User requires two classes:

Immediate
The FRMCS-user requires immediate setup of the session. The duration of the immediate session establishment shall not exceed 1 second.

Normal
Normal session setup time range does not harm the use of the application. The time duration of the normal session establishment shall not exceed 3 seconds.

Session Loss Rate (SLR) indicates the number of sessions released unintentionally per accumulated session time. SLR shall be <10-2/h.
Communication and QoS assignment 

In order to provide the required level of communication quality, the FRMCS System will request the applicable resources as required for the communication service from the underlying 3GPP transport system and if appropriate also from non-3GPP transport systems. The transport resources are characterised by latency, reliability, guaranteed bitrate/non-guaranteed bitrate and communication service priority.

If no specific resources characteristics are required for a certain communication service, the FRMCS System is able to apply a predefined default.

Each communication service resource characteristic can be requested independently of the others.
As result of the request to the underlying transport system, the FRMCS System may offer different values than the ones requested but which fit to the categories summarised in Table 12.10-1. 

The available radio spectrum in certain regions, for example in Europe is rather limited, therefore the FRMCS System might apply different resources for the same communication service in different regions to achieve a radio resource efficient use of the available bandwidth.

12.10.2.4
Post-conditions

The post conditions of the functional use case out of chapter 5 – 9 are applicable.

12.10.2.5
Potential requirements and gap analysis

	Reference Number
	Requirement text
	Application / Transport
	SA1 spec covering
	Comments

	[R-12.10.2-001]
	The FRMCS System shall be capable of providing different levels of QoS.
	A/T
	
	[Needs analysis]

	[R-12.10.2-002]
	The FRMCS-system service attributes shall be allocated unambiguously per application and/or per session and/or per FRMCS-user.
	A/T
	
	[Needs analysis]

	[R-12.10.2-003]
	The FRMCS System shall support the efficient use of the radio resources.
	A/T
	
	[Needs analysis]

	[R-12.10.2-004]
	The FRMCS System shall provide service attribute control on a peer to peer basis.
	A/T
	
	[Needs analysis]

	[R-12.10.2-005]
	The FRMCS System shall provide a mapping between application characteristics and the bearer service attributes.
	A/T
	
	[Needs analysis]

	[R-12.10.2-006]
	The FRMCS System shall be able to support different QoS for uplink and downlink of asymmetric bearers.
	A/T
	
	[Needs analysis]

	[R-12.10.2-007]
	The FRMCS System shall be able to modify service attributes during an active communication session.
	A/T
	
	[Needs analysis]

	[R-12.10.2-008]
	The FRMCS System shall detect and process the various user data traffic characteristics, latency and session reliability requirements. These requirements are summarised in Table 12-2.
	A/T
	
	[Needs analysis]

	[R-12.10.2-009]
	The FRMCS System shall support the applicable QoS requirements up to a train speed of 500kmh-1 at all locations along the track.
	T
	
	[Needs analysis]

	[R-12.10.2-010]
	To prioritize among the application categories and their related QoS, the FRMCS System shall support 15 priority levels.
	T
	
	[Needs analysis]

	[R-12.10.2-011]
	The FRMCS System shall be able to request resource characteristics (latency, reliability, guaranteed bitrate/ non-guaranteed bitrate and priority) from the underlying 3GPP transport system and if appropriate also from non-3GPP transport systems.
	T
	
	[Needs analysis]

	[R-12.10.2-012]
	The FRMCS System shall be able to apply predefined default resource characteristics.
	T
	
	[Needs analysis]

	[R-12.10.2-013]
	The FRMCS System shall be able to request each communication service resource characteristic  independently of the others.
	T
	
	[Needs analysis]

	[R-12.10.2-014]
	The FRMCS System shall be able to assess whether the communication service resource characteristics received from the underlying transport system are sufficient to support the communication service fully or in an restricted way.
	T
	
	[Needs analysis]

	[R-12.10.2-015]
	The FRMCS System shall be able to keep the communication priority independent from the QoS parameters latency, transport reliability, guaranteed/non-guaranteed bitrate.
	T
	
	[Needs analysis]

	[R-12.10.2-016]
	The FRMCS System shall provide a radio resource efficient allocation of the communication bandwidth.
	T
	
	[Needs analysis]


	Application Category
	Service Attribute (according to Table 12.10-1)
	Session establishment
	Session Loss Rate

	
	Latency peer to peer 
	Packet Loss Rate 
	
	

	Voice
	Low


	Normal


	Normal


	NA

	Critical Voice
	Low


	Low


	Immediate


	NA

	Video
	Normal
	Low
	Normal
	NA

	Critical Video
	Low
	Low
	Immediate
	NA

	Very Critical Data

(Note 1)
	Ultra-Low
	Ultra- Low
	Immediate
	NA

	Critical Data

(future applications) 
	Low
	Ultra- Low
	Immediate
	NA

	Critical Data

(legacy applications)
	Normal
	Low
	Normal
	<10-2/h

	Non-Critical data
	Normal
	Low
	Normal
	NA

	Messaging
	Best Effort
	Low
	Normal
	NA


Table 12.10-1 - Service and Service Attribute requirements

Note 1: The applicable speed to be considered is in the range of 0-10 kmh-1.

Railway specific conditions
1.) Following propagation conditions are to be considered:

· Free space in general

· Railway corridors in general and especially in hilly terrain

· Forest Aisle

· Underground / tunnel environment

· Moving trains or objects in a railway station and shunting yards
2.) FRMCS System should be able to reuse the existing GSM-R sites. A non-exhaustive example list provides the typical site-to-site deployment scenarios:

Rural environment: between 5 - 7km.

Urban environment: <5km.
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