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Scope
This Recommendation provides objectives relating to Quality of Service (QoS) performance of the radio access network for public wireless access systems, fixed, nomadic and mobile, when the end-user station is within the coverage area. The objective of this Recommendation is to be forward-looking rather than simply cataloguing the performance of legacy systems, therefore only digital links are considered.
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1
Introduction

Various Recommendations exist in ITU-R and ITU-T addressing objectives and requirements for different aspects of wireless access systems. This Recommendation consolidates all those objectives relating to performance of the radio access network for public wireless access systems, both fixed and mobile, when the end-user station is in the coverage area.

In this Recommendation, the term “objective” is used to state a level of quality which is desirable to be achieved but it is not absolutely required. In this Recommendation the objectives for the Radio Access Network (RAN) are expressed by measurable parameters at the User-Network Interface (UNI) and the Service-Network Interface (SNI) as described in Section 3.1. It is noted that users only experience the end-to-end performance and not the performance of individual component networks. 
Since the RAN is part of an overall end-to-end system/network, the end-to-end objectives need to be partitioned among the various component networks, that typically consist of two access networks (e.g., two RANs) and a core network although other configurations are possible. Some RANs may be able to dynamically adjust their performance before starting a traffic exchange (e.g., by offering and selecting from a variety of performances) depending on the overall end-to-end conditions (e.g., tradeoff delay at the expense of spectrum bandwidth) to compensate for a delay‑prone network component elsewhere in the path. 

A RAN in compliance with this Recommendation needs to meet a set of objectives for a specified class of service or a specified subset of the classes of service, as described in Section 3.2. 

Since a major impact on quality/resources tradeoffs is the encoding bit rates for applications, consistent with UE capabilities, typical bit rates extracted from ITU-T Recommendations and other references are provided for information in Section 3.3.

The existing application layer/end-to-end system-wide requirements and objectives, which the RAN contributes to, are summarized in Section 3.4.

The recommended Radio Access Network (RAN) performance requirements and objectives are specified in Section 4.

2
References

2.1
ITU-T Recommendations

Recommendation ITU-T G.114 “One-way transmission time” (05/2003), including Amendment I “New Appendix II: Guidance on one-way delay for Voice over IP” (09/2003).

Recommendation ITU-T G.9971 “Requirements of transport functions in IP home network”.

Recommendation ITU-T G.1000, “Communications Quality of Service: A framework and definitions” (11/2001).

Recommendation ITU-T H.362, “A framework for adaptive end-to-end QoS control based on variable bit-rate codec in wireless networks”.

Recommendation ITU-T Y.1540 “Internet protocol data communication service – IP packet transfer and availability performance parameters” (11/2007).

Recommendation ITU-T Y.1541 “Network performance objectives for IP-based services” (02/2006).

Recommendation ITU-T Y.1542 “Framework for achieving end-to-end IP performance objectives” (07/2006).

Recommendation ITU-T Y.1563 “Ethernet frame transfer and availability performance” (01/2009).

Recommendation ITU-T Y.2112 “A QoS control architecture for Ethernet-based IP access networks” (06/2007).

2.2
ITU-R Recommendations

Recommendation ITU-R F.1400 “Performance and availability requirements and objectives for fixed wireless access to public switched telephone network” (05/1999).

Recommendation ITU-R F.1490 “Generic requirements for fixed wireless access systems” (09/2007).

Recommendation ITU-R M.1079 “Performance and quality of service requirements for International Mobile Telecommunications-2000 (IMT-2000) access networks” (06/2003).

2.3
ITU-R Reports

Report ITU-R M.2134 “Requirements related to technical performance for IMT-Advanced radio interface(s)”

Report ITU-R M.2135-1 “Guidelines for evaluation of radio interface technologies for IMT‑Advanced”

3
Framework and types of wireless access, telecommunication services and applications

This section provides the context and classification(s) for the QoS performance requirements and objectives in Section 4.

3.1
Framework

This section provides a generic reference model for performance objectives for wireless access systems.

Various ITU-R/ITU-T reference models exist each containing their own reference points and interfaces. In this Recommendation the model in Figure 1 is used, which is general for any type of end-to-end network that includes at least one RAN. Two generic reference points are defined for the Radio Access Network (RAN): the User-Network Interface (UNI) and the Service-Network Interface (SNI). In this Recommendation, the performance objectives correspond to the RAN between the UNI and SNI reference points.

Figure 1

Reference model for RAN performance measurements
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The Radio Access Network (RAN) infrastructure in Fig. 1 may include one or more base stations, backhaul, routing, and a gateway function. Figure 2 shows the Radio Access network in the context of the end-to-end network. The Access Network on the right-hand side can be a RAN, or a wireline access network or a server.

Figure 2

Reference model for End-to-end  performance measurements
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The RAN and End-to-end model shown in Figs. 1 and 2 is equivalent to the models used in other Recommendations and specifications, including Recommendation ITU-R F.1400, Recommendation ITU-R M.1079, Recommendation ITU-T H.362, Recommendation ITU-T G.9971, Recommendation ITU-T Y.2112, and Recommendation ITU-T Y.1541.

The types of network components are an important consideration because they affect the overall end-to-end performance. The RAN may need to perform differently or select a different service/transport mechanism depending on the other components in the end-to-end chain, including the UE capabilities. 

Based on the model, the wireless access network interfaces are the service-network interface (SNI) on the core network side and either a wireless terminal (e.g. TE or WSTA) or a home network (e.g. CPN) on the user side. 

Recommendation ITU-T Y.1542 discusses various methods that could be used to allocate or apportion the UNI-UNI QoS performance objectives to specific network sections making up an end-to-end network connection. A dynamic allocation and other methods of allocation are not addressed in this Recommendation.

If the wireless access networks are Ethernet-based, then Recommendation ITU-T Y.1563 may be used to derive performance and availability parameters for the access network. 

3.2
Types of wireless access and classes of service

[Editor’s note: The following paragraph is adapted from Recommendation ITU-R F.1490 to provide a general introduction to the section.]

Even though wireless access systems have evolved from different perspectives, they are converging towards two major types:

–
Wireline equivalent/replacement systems where wireline services and equipment must be supported to the full extent: either due to the type of equipment to be supported or due to the expectations of the user. For example, capable of delivering toll quality speech, or high-definition video, and performance equivalent to wired access service.

–
Mobile and fixed mobile convergence (FMC) systems where the prime requirement is mobility or reduced cost and ease of installation, and the requirements for equipment support or customer service expectation are different than full wireline support.

In both cases the trend is towards broadband. Broadband applies where greater traffic throughput is required, such as business and interactive applications including entertainment video and general purpose high-speed Internet access. 

In this Recommendation, the four QoS classes from the user perspective in Recommendation ITU‑R M.1079 are adopted (see Table 1):

–
conversational class of service;

–
interactive class of service;

–
streaming class of service;

–
background class of service.

[Editor’s note: These 4 classes may be subdivided further for greater granularity of the QoS specification so that they can be applied to all wireless networks.]

TABLE 1

QoS classes from a user perspective

	QoS class of service
	Conversational class of service

Real-time conversation
	Interactive class of service

Interactive best effort
	Streaming class of service

Real-time streaming
	Background class of service

Background best effort

	Fundamental characteristics from the user perspective
	–
Preserve time relation (variation) between information entities of the stream
–
Preserve payload content
–
Conversational pattern (stringent and low delay)
	–
Request response pattern

–
Preserve payload content
	–
Preserve time relation (variation) between infor​mation entities of the stream
–
Preserve payload content
	–
Destination is not expecting the data within a certain time

–
Preserve payload content

	Example of the application
	–
Voice
	–
Web browsing
	–
Streaming video
	–
Background download of e‑mails


Source: Adopted from Recommendation ITU-R M.1079.

These four QoS classes from a user perspective are adopted, enhanced with sub-classes [to be defined] in order to have a comprehensive set of service classes and sub-classes. This classification will be used to specify the Radio Access Network (RAN) performance objectives in Section 4 in a technology-independent manner.

[Editor’s note: The sub-classes could be defined linearly, i.e. 1 to n as currently shown in Section 4.1 of this working document, or in the form of a two-dimensional matrix, or some other suitable scheme to facilitate their application. Also, may need to review/align the names “service class n” to avoid confusion with the well-established terminology of the “four QoS classes from a user perspective”.]

[Editor’s note: To provide more detail we could map the 3GPP QCIs
 into this – Any RAN should be able to identify how it would be handling the 4 classes and subclasses based on the corresponding objectives as per Section 4. 3GPP SA WG2 recommends that TS23.203 reference is used for QCI values] 

3.3
Encoding bit rates for applications

[Editor’s note: In this section we should include typical bit rates extracted from ITU-T Recommendations, particularly those from ITU-T Study Group 16, and other references. As the work progresses, this information could be put in an informative appendix because, depending on how UNI and SNI are defined, the actual encoding function may be outside the RAN and thus outside the scope of this Recommendation.]

3.4
Application layer/end-to-end system-wide requirements and objectives

ITU-T defines the end-to-end performance and availability requirements and objectives for telecommunications networks. This section makes reference to the relevant ITU-T Recommendations for overall guidance. The following section, Section 4 (i.e. the Recommendation by ITU-R) provides the Radio Access Network (RAN) performance objectives as a part of the overall end-to-end objectives.

Recommendation ITU-T Y.1540 defines end-to-end performance and availability parameters for IP‑based services and Recommendation ITU-T Y.1563 does the same for Ethernet-based services. 

Recommendation ITU-T Y.1541 defines a number of end-to-end service QoS classes that were developed from performance requirements for typical applications and are therefore intentionally agnostic of the lower layer transmission technology. The delay and delay variation objectives in Recommendation ITU-T Y.1541 assume a minimum access bit rate of T1 (1.544 Mb/s). Section 1.2 of Recommendation ITU-T Y.1541 discusses the implications of using access facilities with lower rates. As Recommendation ITU-T G.114 points out, delay is a precious resource and must be carefully conserved.

 The following table references UNI-UNI QoS performance objectives that can be referenced:

TABLE 2

End-to-end network performance objectives

	Parameter
	Parameter definition
	Application objectives
UNI-UNI

	Error Ratio (Packet)
	Y.1540, clause 6.3
	Y.1541, Table 1

	Loss Ratio (Packet)
	Y.1540, clause 6..4
	Y.1541, Table 1

	One-way Delay (mean)
	Y.1540, clause 6.2.1
	Y.1541, Table 1

	Delay Variation 
(2-point PDV)
	Y.1540, clause 6.2.4
	Y.1541, Table 1


Since the achievable access performance objectives are highly dependent on the access network technology, this Recommendation defines classes of service that may be used in a variety of situations independently of the technology.

4
Recommendation

This section specifies the recommended Radio Access Network (RAN) QoS performance objectives (between UNI and SNI, see Figure I) as a part of the overall end-to-end objectives. A RAN will typically be capable of offering a suite of service profiles and some internal or external Quality Control Function (QCF) will select the correct service class for a given connection, however the mechanisms for managing the QCF are outside the scope of this Recommendation.

QoS performance objectives are in the following specify as a combination of Packet Error Loss Rate and one-way Packet Delay Budget. 

Definitions

The following definitions apply between the two generic reference points defined for the Radio Access Network (RAN): the User-Network Interface (UNI) and the Service-Network Interface (SNI); see Section 3.1. The definitions and the values need to be consistent with the measurement methods in the Annex [to be determined].

Packet Error Loss Rate (PELR): The rate of non congestion related packet losses that may occur between a UNI and SNI. Any packet with at least one bit incorrect is considered lost. It is however expected that bit errors are detected and that corresponding packets are discarded, i.e., not delivered by the RAN. 
Packet Delay Budget (PDB): The maximum one-way packet transfer delay between UNI and SNI. It should be noted that the PDB defines an upper bound. Actual packet delays should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality. The PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.

Services for which the user and the operator have agreed upon a guaranteed bit rate and while sending at a rate smaller than or equal to this rate can in general assume that congestion related packet drops will not occur, and 98 percent of the packets shall not experience a delay exceeding the PDB. Packets that have not been dropped due to congestion may still be subject to non congestion related packet losses (PELR). 

[Temporary Information Box for Reference Purposes

Editor’s Note: Relevant definitions from Recommendation ITU-T Y.1540 are temporarily included here in an information box for easy reference. It is critically important to use the performance parameters for packet loss, delay, delay variation, and errored packets as defined in Recommendation ITU-T Y.1540. This way, the RAN objectives proposed can easily be combined with those from other sections to estimate the resulting UNI-UNI performance.
Definitions extracted from Recommendation ITU-T Y.1540:

6.3
IP packet error ratio (IPER): IP packet error ratio is the ratio of total errored (erroneous?) IP packet outcomes to the total of successful IP packet transfer outcomes plus errored IP packet outcomes in a population of interest.
6.4
IP packet loss ratio (IPLR): IP packet loss ratio is the ratio of total lost IP packet outcomes to total transmitted IP packets in a population of interest.

NOTE – Metrics for describing one-way loss patterns may be found in [b-IETF RFC 3357]. Consecutive packet loss is of particular interest to certain non-elastic real-time applications, such as voice and video.

6.2.1
mean IP packet transfer delay: Mean IP packet transfer delay is the arithmetic average of IP packet transfer delays for a population of interest.

6.2.4
end-to-end 2-point IP packet delay variation: The variations in IP packet transfer delay are also important. Streaming applications might use information about the total range of IP delay variation to avoid buffer underflow and overflow. Extreme variations in IP delay will cause TCP retransmission timer thresholds to grow and may also cause packet retransmissions to be delayed or cause packets to be retransmitted unnecessarily. 

End-to-end 2-point IP packet delay variation (PDV) is defined based on the observations of corresponding IP packet arrivals at ingress and egress MP (e.g., MPDST, MPSRC). These observations characterize the variability in the pattern of IP packet arrival events at the egress MP and the pattern of corresponding events at the ingress MP with respect to a reference delay.]

Radio Access Network (RAN) QoS performance objectives 







Applying these values to the QoS classes defined in Table 1, the recommended values are given in Table 3.

TABLE 3
Objectives for the QoS classes from a user perspective

	QoS class of service
	Conversational class of service

Real-time conversation
	Interactive class of service

Interactive best effort
	Streaming class of service

Real-time streaming
	Background class of service

Background best effort

	Packet Error Loss Rate
	10-2
	10-6
	10-3
	10-6

	Packet Delay Budget (ms)
	100
	300
	100
	300

	
	
	
	
	

	
	
	
	
	


Any particular radio access network would typically support a subset of these objectives.

4.2
Mapping of applications to service classes

[Editor’s note: This section would provide examples of provisional mapping of applications (Section 3.4.y) to Service Classes / Types (Section 4.x); if this does not result in a recommendation it should be put somewhere else (e.g. in an informative appendix).]

Annex

Measurement methods
� 	3GPP defines the QoS class identifier (QCI) characteristics in �HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/23203.htm"�TS 23.203�.
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