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* * * 1st change * * *

12.10	Use Case: QoS in a railway environment
[bookmark: _Toc29479139][bookmark: _Toc52549962][bookmark: _Toc52550863][bookmark: _Toc106283439]12.10.1	Introduction
This system principle use case provides the framework for Quality of Service and priority level 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 exhibit different characteristics, e.g., in terms of latency or reliability. On the other hand, the FRMCS System offers bearer services with different properties. 
In this context, two types of applications can be distinguished:
1. Applications that are aware of their transport service requirements and that are able to request those from the FRMCS System.
2. Applications that are not aware of their transport service requirements and that are therefore not able to request those.
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. 
Voice communication is commonly used during rail operation to give instructions to a driver of a locomotive in shunting operation, track maintenance etc. Rail environmental conditions like slowdown or movement of a train can impact the understandability of the voice.
Radio propagation conditions in a rail environment are quite specific. For example train speed up to 500km/h or the insertion loss of the radio signal into a train. Staff has to work in the train, beside a train or under the train etc. while voice communication is ongoing. Such conditions shall not lower the intelligibility of the voice.
Radio spectrum constraints in some regions require high efficiency in terms of radio bandwidth utilisation where voice communication coexists with other communication types simultaneously. The resulting voice codec has to consider these specific conditions.
In this chapter, the use cases related to Quality of Service (QoS) and priority are defined.
QoS and Priority includes:
· A QoS characteristics (latency, reliability, throughput, setup time) expected from the FRMCS System in order to fulfil the required level of communication quality
· A priority level, the priority in which the communication is handled by the FRMCS System
The following use cases are defined:
· • Allocation of QoS and priority level
· • Service interworking and service continuation with GSM-R
[bookmark: _Toc29479140][bookmark: _Toc52549963][bookmark: _Toc52550864][bookmark: _Toc106283440]12.10.2	Use case: Allocation of QoS and priority levelQuality of Service and railway environment
[bookmark: _Toc29479141][bookmark: _Toc52549964][bookmark: _Toc52550865][bookmark: _Toc106283441]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
· Talker assignment time in group communication
· Audio (Voice) Quality
For further details, refer to the corresponding use cases 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.
In order to be able to deliver a certain level of communication quality, the FRMCS System enables the allocation of a Quality of Service (QoS) characteristics for each communication.
In order to be able to deliver a certain level of communication precedence, the FRMCS System enables the allocation of a priority for each communication.
The FRMCS System allows communications with a higher priority to take precedence over communications with a lower priority and have the ability to pre-empt other communications.
[bookmark: _Toc29479142][bookmark: _Toc52549965][bookmark: _Toc52550866][bookmark: _Toc106283442]12.10.2.2	Pre-conditions 
The pre-conditions of the functional use cases out of chapter 5 – 9 are applicable.
The QoS and priority level allocated to the communication have been predefined in the FRMCS system.
[bookmark: _Toc29479143][bookmark: _Toc52549966][bookmark: _Toc52550867][bookmark: _Toc106283443]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 and requires low delay inside the transport system;
Critical Voice	follows the voice conversational pattern but requires immediate session setup;
Video	used for general observations purposes, e.g. maintenance;
Critical Video	with indirect impact on train operation, e.g. passenger surveillance;
Very Critical Video	with direct impact on safety- related critical train control and operation, e.g. used in driverless ( e.g. GoA3/GoA4) operation for automated detection of objects (no human in the loop) or video-based remote control (human in the loop).
Very critical data	for future rail applications;
Critical data	follows the response pattern and requires high reliable transport. This category comprises future and legacy applications 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 communication urgency. Priority handling of communication service encompasses the assignment of a priority to a communication and involves the seizing of resources, which are in use by a communication having a lower ranking in the absence of idle resources. Priority handling includes as well discontinuation of an ongoing communication having a lower priority to allow an incoming communication of higher priority. Priority handling needs to be provided to a FRMCS User for all communications.
Priorities are treated by the FRMCS User/Equipment in the FRMCS System based on the following conditions:
· The priority level depends on the FRMCS User initiating the communication.
· The communication can have the priority level selected by the FRMCS User at setup or the priority level is predefined at registration. The treatment of priority level also applies when the FRMCS User is registered to a visited FRMCS network.
· The definition of the priority level which may cause pre‑emption of another ongoing communication needs to be stored and can be changed by the FRMCS User.
· The FRMCS System is able to allocate setup classes i.e. communication setup time requirements and resource pre-emption capabilities to each priority level.
· In case of resource pre‑emption, the pre‑empted FRMCS user needs to be provided with a suitable indication.
· The priority level can be selected by the FRMCs User on a per communication basis.
The FRMCS User may select any priority level up to the authorised priority level. The maximum priority level needs to be stored on the UICC. At communication setup, the FRMCS Equipment and the FRMCS System verify the priority level at setup against the maximum authorised priority level. If the FRMCS User has not selected a priority level at setup, the FRMCS System applies a FRMCS User specific default priority level. If the FRMCS User has selected at setup a priority level higher than the maximum authorised priority level, the maximum authorised priority level is applied for the communication.
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 (in accordance to TS 22.261): in the context of network layer packet transmissions, percentage value of the amount of sent network layer packets successfully delivered to a given system entity 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.
The FRMCS System is able to assign multiple individual FRMCS User communications having individual QoS profile to a single IP address.
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 12.10-1.
	Service Attribute
	FRMCS - Functional Requirement
	FRMCS – System Requirement
	Service Attribute value

	Latency
	Low
	Ultra-Low
	≤10ms

	
	
	Low
	≤100ms

	
	Normal
	Normal
	≤500ms

	
	
	Best Effort
	>500ms

	Reliability 
	High
	Ultra-High
	99.9999%

	
	
	High
	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 range of latency and reliability requirements have a certain dependency on the speed of the trains. In general, the requirement is that the service attributes can be guaranteed up to 500kmh-1. Certain combinations of latency and reliability apply only to Low Speed (≤ 40kmh-1). 

The applications are considered as real-time when the FRMCS functional requirement for the latency is specified as “Low” and “Ultra Low”, according to table 12.10 1.
Session handling
Setup time of a communication session is essential because of their safety related character. Communication session setup encompasses the value of the elapsed time between the communication establishment request and the indication of successful communication session establishment. The FRMCS User requires two classes:
Immediate	The FRMCS User requires immediate setup of the communication session. The duration of the immediate communication session establishment shall not exceed 1 second.
Normal	Normal communication session setup time range does not harm the use of the application. The time duration of the normal communication session establishment shall not exceed 3 seconds.
Talker assignment time comprises the timeframe between talker request and the permission to talk applicable to group communication. This timeframe shall be lower than 300ms. Talker assignment time assumes that a group communication has been set up.
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 service attributes 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.
Audio quality
Voice intelligibility strongly depends on the audio bandwidth. FRMCS System has to consider for voice communication following minimum requirements:
· Encoding of speech encompass in minimum the range of 200–7000 Hz;
· The codec meets the local radio channel and capacity requirements of the FRMCS system;
· The coding of speech signals is robust to radio impairments sacrificing voice clarity;
General functional service flows
The QoS characteristics and priority levels allowed for each application are predefined by the network operator.
The performance of the QoS and the priority parameters of the corresponding communication are constantly monitored by the FRMCS System.
The FRMCS System indicates QoS degradations to the communication application.
When the required QoS is not achieved, the communication application is able to:
· maintain the communication, or;
· release the communication.
[bookmark: _Toc29479144][bookmark: _Toc52549967][bookmark: _Toc52550868][bookmark: _Toc106283444]12.10.2.4	Post-conditions
The post conditions of the functional use cases out of chapter 5 – 9 are applicable.
[bookmark: _Toc29479145][bookmark: _Toc52549968][bookmark: _Toc52550869][bookmark: _Toc106283445]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
	TS 22.261
	sub-clause 6.7.2 paragraph 1 

	[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
	TS 22.261
	sub-clause 6.7.2 paragraph 1
sub-clause 6.8 paragraph 3, 4 

	[R-12.10.2-003]
	The FRMCS System shall support the efficient use of the radio resources.
	(A)T
	TS 22.261
	sub-clause 6.7.2 paragraph 3
sub-clause 6.23.2 

	[R-12.10.2-004]
	The FRMCS System shall provide service attribute control on a peer to peer basis.
	(A)T
	TS 22.261
	sub-clause 6.7.2 paragraph 6
sub-clause 6.8 paragraph 3 

	[R-12.10.2-005]
	The FRMCS System shall provide a mapping between application characteristics and the bearer service attributes.
	(A)T
	TS 22.261
	sub-clause 6.7.2 paragraph 1 

	[R-12.10.2-006]
	The FRMCS System shall be able to support different QoS for uplink and downlink of asymmetric bearers.
	(A)T
	TS 22.261
	sub-clause 6.7.2 paragraph 2 

	[R-12.10.2-007]
	The FRMCS System shall be able to modify service attributes during an active communication session.
	A/T
	TS 22.261
TS 22.280
	TS 22.261 sub-clause 6.8 paragraph 1
TS 22.280 sub-clause 6.8 

	[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 12.10-2.
	(A)T
	TS 22.261
	sub-clause 6.8 paragraph 6 

	[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 unless restrictions are indicated which are:
Low speed ≤ 40kmh-1.
	T
	22.289
	sub-clause 5.2.2 

	[R-12.10.2-010]
	To prioritize among the application categories and their related QoS, the FRMCS System shall support 15 priority levels.
	T
	22.280
	[R-6.8.7.2-005] 

	[R-12.10.2-011]
	The FRMCS System shall be able to request service attributes (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
	TS 22.261
	sub-clause 6.7.2 paragraph 5, 8 

	[R-12.10.2-012]
	The FRMCS System shall be able to apply predefined default service attributes.
	T
	TS 22.261
	sub-clause 6.8 paragraph 4-6 

	[R-12.10.2-013]
	The FRMCS System shall be able to request each communication service attributes independently of the others.
	T
	TS 22.261
	sub-clause 6.7.2 paragraph 1, 2, 6 

	[R-12.10.2-014]
	The FRMCS System shall be able to assess whether the communication service attributes received from the transport system are sufficient to support the communication service fully or in a restricted way and report this information to the FRMCS application.
	T
	TS 22.261
	sub-clause 6.7.2 paragraph 3 

	[R-12.10.2-015]
	The FRMCS System shall be able to keep the communication priority independent from the QoS parameters latency, reliability, guaranteed/non-guaranteed bitrate.
	T
	TS 22.261
	sub-clause 6.7.2 paragraph 4 

	[R-12.10.2-016]
	The FRMCS System shall provide a radio resource efficient allocation of the communication bandwidth.
	T
	TS 22.261
	sub-clause 6.7.2 paragraph 3
sub-clause 6.23.2 

	[R-12.10.2-017]
	Talker assignment time, the timeframe between talker request and the permission to talk in a multi-user voice communication, shall be lower than 300ms.
	A/T
	22.179
	[R-6.15.3.2-012] The MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 95% of all MCPTT Request.
[R-6.15.3.2-013] For MCPTT Emergency Group Calls and Imminent Peril Calls the MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 99% of all MCPTT Requests. 

	[R-12.10.2-018]
	FRMCS system shall support at least encoding of speech signals between 200–7000 Hz.
	A/T
	22.280
26.441
	TS 22.280
sub-clause 5.13
TS 26.441
entire document 

	[R-12.10.2-019]
	The FRMCS voice codec shall be robust to meet different radio channel impairments caused by the different working conditions in the train, beside or under the train.
	A/T
	22.280
26.445
	clause 5
s0504-s0506 

	[R-12.10.2-020]
	The encoding of speech signals in the FRMCS system shall be efficient to meet limited radio resource availability.
	A/T
	22.280
26.445
	clause 5
s0504-s0506 

	[R-12.10.2-021]
	Priority handling of communication service in the FRMCS System shall encompass the assignment of a priority to a communication and involves the seizing of resources, which are in use by a communication having a lower ranking in the absence of idle resources.
	A/T
	22.280
	[R-6.8.7.2-001] 

	[R-12.10.2-022]
	Priority handling of the FRMCS System shall support discontinuation of an ongoing communication having a lower priority to allow an incoming communication of higher priority.
	A/T
	22.280
	[R-6.8.7.2-004] 

	[R-12.10.2-023]
	The FRMCS System shall always consider the priority of the FRMCS User initiating the communication.
	A
	22.280
	[R-6.8.7.2-002] 

	[R-12.10.2-024]
	The FRMCS System shall consider for a communication the priority level selected by the FRMCS User at setup or the priority level predefined at registration.
	A
	22.280
	[R-6.8.7.2-004] 

	[R-12.10.2-025]
	The FRMCS System shall treat the communication priority levels when the FRMCS User is registered to a FRMCS network.
	A
	22.280
	[R-6.8.7.2-001] 

	[R-12.10.2-026]
	The definition of the priority level which may cause pre-emption of another ongoing communication shall be stored and can be changed by the FRMCS User.
	A
	22.280
	[R-6.8.7.2-004] 

	[R-12.10.2-027]
	The FRMCS System shall be able to allocate setup classes i.e. communication setup time requirements and resource pre-emption capabilities to each priority level.
	A/T
	22.280
	[R-6.8.7.2-003] 

	[R-12.10.2-028]
	In case of resource pre-emption, the pre-empted FRMCS user shall be provided with a suitable indication.
	A
	N/A
	It is an implemenation choice 

	[R-12.10.2-029]
	The priority level shall be selected by the FRMCS User on a per communication basis.
	A/T
	22.280
	 [R-6.8.7.2-001]

	[R-12.10.2-030]
	The FRMCS User shall be able to select any priority level up to the authorised priority level. The maximum priority level shall be stored on the UICC.
	A
	22.280
	[R-6.8.7.2-006] 
[R-6.8.7.2-007] 

	[R-12.10.2-031]
	At communication setup, the FRMCS Equipment/UE and the FRMCS System shall verify the priority level at setup against the maximum authorised priority level.
	A
	22.280
	[R-6.8.7.2-008] 

	[R-12.10.2-032]
	If the FRMCS User has not selected a priority level at setup, the FRMCS System shall apply a FRMCS User specific default priority level.
	A
	22.280
	[R-6.8.7.2-009] 

	[R-12.10.2-033]
	If the FRMCS User has selected at setup a priority level higher than the maximum authorised priority level, the maximum authorised priority level shall be applied by the FRMCS System for the communication.
	A
	22.280
	[R-6.8.7.2-010] 

	[R-12.10.2-034]
	The FRMCS System shall take into account the service attributes to allow selection of the available bearer services.
	T
	TS 22.261
	sub-clause 6.7.2 paragraph 5, 8 

	[R-12.10.2-035]
	The FRMCS System shall be able to assign multiple individual FRMCS User communications having individual QoS profile to a single IP address.

	A/T
	TS 22.261
TS 22.280
	TS 22.261
sub-clause 6.8 paragraph 3
TS 22.280
sub-clause 5.15 

	[R-12.10.2-036]
	The FRMCS System shall provide a mechanism to derive the communication characteristics of an application and map those on a data flow with a predefined QoS profile.
	A/T
	TS 22.261
TS 22.280
	TS 22.261
sub-clause 6.8 paragraph 3
TS 22.280
sub-clause 5.15 

	[R-12.10.2-037]
	The FRMCS System shall be able to notify the communication application when the network is not able to provide the requested QoS. When the required QoS is not achieved, the communication application shall be able to maintain or release the communication.
	A
	22.280
	[R-6.8.6.2-005] communication application notification
Decision to maintain / release the communication is out of the scope of 3GPP.



Application categories and their related service attributes are grouped into specific QoS class. Table 12.10-2 summarises the QoS classes and their applicable service attributes.

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

	
	Latency peer to peer 
	Reliability 
	
	

	Voice
	Low

	Normal

	Normal

	NA

	Critical Voice
	Low

	High

	Immediate

	NA

	Video
	Normal
	High
	Normal
	NA

	Critical Video
	Low
	High
	Immediate
	NA

	Very Critical Video
	Ultra Low or Low
Note 1
	High
	Normal
	NA

	Critical Data
(future applications) 
	Low
	Ultra-High
	Immediate
	NA

	Very Critical Data

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

	Critical Data
(legacy applications)
	Normal
	High
	Normal
	<10-2/h

	Non-Critical data
	Normal
	High
	Normal
	NA

	Messaging
	Best Effort
	High
	Normal
	NA

	Note 1: The latency “Ultra low” is restricted to low speed ≤40 kmh- 1.


Table 12.10-2 - Service and Service Attribute requirements
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.
12.10.3	Use case: service interworking and service continuation with GSM-R
12.10.3.1	Description
For migration purposes the service interworking and service continuation between the GSM-R system and FRMCS system for QoS and Priority level needs to be clear.
Depending on the migration scenario a user can be attached to the FRMCS system, to the GSM-R system or both.
For user-to-user/Multi-user communication the QoS/arbitration information between FRMCS and GSM-R needs to be exchanged.
This use case only applies to end user devices supporting both FRMCS and GSM-R systems.
12.10.3.2	Pre-conditions 
None.
12.10.3.3	Service flows
For user-to-user/Multi-user communication in the direction from GSM-R to FRMCS, the GSM-R priority level needs to be exchanged. Mapping of GSM-R priority level to FRMCS priority level is performed in the FRMCS System.
For user-to-user/Multi-user communication in the direction from FRMCS to GSMR, the FRMCS priority level is exchanged. The priority level from the FRMCS is mapped to GSM-R priority level by the FRMCS System.
12.10.3.4	Post-conditions
None.
12.10.3.5	Potential requirements and gap analysis
	Reference Number
	Requirement text
	Application / Transport
	SA1 spec covering
	Comments

	[R-12.10.3-001]
	The FRMCS System shall be able to handle call priority when interworking with GSM-R System. Mapping of GSM-R priority level to FRMCS priority level shall be performed in the FRMCS System.
	A
	TS 22.179
TS 22.280
	6.18.4.2
6.17.3.1

	[R-12.10.3-002]
	FRMCS System shall provide the call priority supporting features to interworking with GSM-R System. Mapping of FRMCS priority level to GSM-R priority level shall be performed in the FRMCS System.
	A
	TS 22.179
TS 22.280
	6.18.4.2
6.17.3.1


Refer to 12.13 (Use case: Provide call priority during interworking with LMR)
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