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1. Introduction

This document proposes UMTS bearer attributes to be specified in the UMTS QoS Concept  Technical report [1]. It includes both a concrete attribute proposal and accompanying explanations, all of which should be included in Chapter 6.4.1 of [1], to facilitate understandning of the attributes and their use.

2. General WOrking Assumptions

One general assumption is that the UMTS bearer attributes are technical attributes. Thus, although the UMTS bearer service is the service sold by the operator to the subscriber, the attributes defined in the standard are not necessarily the attributes to be set by the end user or the end user’s application. The operator is free to package his service offer to subscribers according to his commercial strategies.

A UMTS bearer is assumed to be either uni-directional or bi-directional. However, when discussing bearer attributes, it is useful to only deal with uni-directional bearers. A bi-directional bearer can then easily be formed by using the characteristics of two uni-directional bearers. For bi-directional bearers, possible asymmetry and limitations thereof, are not discussed herein. Thus, asymmetry considerations are FFS.
3. UMTS bearer Attributes for each UMTS bearer class

Attributes are discussed per UMTS bearer class (‘conversational’, ‘streaming’, ‘interactive’ and ‘background’ classes defined in [1], The bearer class should be seen as a bearer attribute itself, assisting in characterizing the traffic source. As such, it can help configuring UMTS-internal parameters, such as buffer sizes. Thus, for example, a Conversational UMTS bearer is optimized for transporting data generated by a conversational application in a resource efficient way. 

This use of application oriented bearer classes significantly reduces the number of attributes that have to be set by the user/application/operator. Since it turns out that different attributes are relevant for different classes, one small attribute set for each class is generated. Some of the attributes are common between classes.

Policing/shaping is probably desired at the UMTS gateway and the mobile termination, to protect UMTS from excessive incoming data. A natural assumption is that the task of the policing/shaping is to make the incoming traffic flow compliant with the traffic characteristics specified for the UMTS bearer. This implies that the bearer attributes have to be adequate to support traffic policing/shaping.

In Section 4.6.4.1, UMTS bearer attributes are described. A class-by-class discussion and summary is provided in Section 4.6.4.1.2.

4. Proposed Changes

6.4.1 UMTS Bearer Attributes

6.4.1.1 List of attributes

[Note: The text within square brackets explaining the purpose of each attribute can be excluded later if that information is given elsewhere in the technical report.]
Potential purpose and definition of a possible additional attribute ‘average bitrate’ is FFS.

Traffic class [‘conversational’, ’streaming’, ’interactive’, ’background’]

Definition: type of application for which the UMTS bearer service is optimized

[Purpose: By including the traffic class itself as an attribute, UMTS can make assumptions about the traffic source and optimize the transport for that traffic type.]

Maximum bitrate [kbps]

Definition: maximum number of  bits delivered by UMTS at a SAP within a measurement period, divided by the duration of the measurement period. The definition of the period is FFS.

[Purpose: Maximum bitrate can be used to make code reservations in the downlink of the radio interface. Its purpose is to  limit the delivered bitrate to applications or external networks with such limitations]


Guaranteed bitrate [kbps]
Definition: guaranteed number of bits delivered by UMTS at a SAP within a measurement period (provided that there is data to deliver), divided by the duration of the measurement period. The definition of the measurement period is FFS.
[Purpose: Guaranteed bitrate may be used to facilitate admission control based on available resources, and for resource allocation within UMTS. Quality requirements expressed by e.g. delay and reliability attributes only apply to incoming traffic up to the guaranteed bitrate.]
Delivery order [y/n]

Definition: indicates whether the UMTS bearer shall provide in-sequence SDU delivery or not.

[Purpose: the attribute is derived from the user protocol [PDP type] and specifies if out-of-sequence SDUs are acceptable or not. This information cannot be extracted from the traffic class. Whether out-of-sequence SDUs are dropped or re-ordered depends on the specified reliability]

SDU size information [bits]

Definition: list of possible exact sizes of  SDUs

[Purpose: UTRAN needs SDU size information to be able to operate in transparent RLC protocol mode, which is beneficial to spectral efficiency and delay when RLC re-transmission is not used. Thus, if the application can specify SDU sizes, the bearer is less expensive.]

Reliability

Definition: information on the reliability in terms of error ratio etc that the UMTS bearer provides. The error ratio is the relation between erroneous SDUs/bits and SDUs/bits requested to be transferred. Whether one or both of SDU and bit error ratio apply to a certain UMTS bearer is FFS. Additionally, reliability specifies whether the UMTS bearer shall deliver SDUs with detected errors or discard these SDUs. Whether this is implicitly given by the two above mentioned error ratios is FFS.

[Purpose: used to specify the reliability needed by the application. Especially UTRAN may set internal parameters based on this value; the reliability impact on the CN is assumed to be negligible.]

Transfer delay [s]

Definition: time between request to transfer an SDU at one SAP to its delivery at the other SAP. Transfer delay is specified for one or more fixed SDU sizes. Exact statistical transfer delay definition and fixed SDU sizes are FFS.

[Purpose: used to specify the delay tolerated by the application. It allows UTRAN to set transport formats and ARQ parameters.] 

[Note: Transfer delay of an arbitrary SDU is not meaningful for a bursty source, since the last SDUs of a burst may have long delay due to queueing, whereas the meaningful response delay perceived by the user is the delay of the first SDU of the burst.]
Traffic handling priority

Definition: specifies the relative importance for handling of all SDUs belonging to the UMTS bearer compared to the SDUs of other bearers.
[Purpose: Within the interactive class, there is a definite need to differentiate between bearer qualities. This is handled by using the traffic handling priority attribute, to allow UMTS to schedule traffic accordingly. By definition, priority is an alternative to absolute guarantees, and thus these two attribute types cannot be used together for a single bearer.]
Allocation/Retention Priority

Definition: specifies the relative importance compared to other UMTS bearers for allocation and retention of the UMTS bearer.
[Purpose: Priority is used for differentiating between bearers when performing allocation  and retention of a bearer, and the value is typically related to the subscription.
6.4.1.2 Attributes discussed per class

Conversational class 

Although the bitrate of a conversational source codec may vary, conversational traffic is assumed to be relatively non-bursty. Maximum bitrate specifies the upper limit of the bitrate with which the UMTS bearer delivers SDUs at the SAPs. The UMTS bearer is not required to transfer traffic exceeding the  Guaranteed bitrate. Maximum and guaranteed bitrate attributes are used for resource allocation within UMTS. Minimum resource requirement is determined by guaranteed bitrate (When a conversational source generates less traffic than allocated for the bearer, the unused resources can of course be used by other bearers.)

Since the traffic is non-bursty, it is meaningful to guarantee a transfer delay of an arbitrary SDU.

Conversational bearers are likely to be realized in UTRAN without RLC re-transmissions. Hence, UTRAN transport is more efficient and thereby cheaper if RLC PDU size is adapted to UMTS bearer SDU size (RLC transparent mode). This motivates the use of SDU size information. 

By using the reliability attribute(s), the application requirement on error rate can be specified, as well as whether the application wants UMTS to detect and discard SDUs containing errors and an adequate forward error correction means can be selected.

Streaming class 

As for conversational class, streaming traffic is assumed to be rather non-bursty. Maximum bitrate specifies the upper limit of the bitrate the UMTS bearer delivers SDUs at the SAPs. The UMTS bearer is not required to transfer traffic exceeding the  Guaranteed bitrate. Maximum and guaranteed bitrate attributes are used for resource allocation within UMTS. Minimum resource requirement is determined by guaranteed bitrate. (When a streaming source generates less traffic than allocated for the bearer, the unused resources can of course be used by other bearers.)
Since the traffic is non-bursty, it is meaningful to guarantee a transfer delay of an arbitrary SDU. 
The transfer delay requirements for streaming are typically in a range where at least in a part of this range  RLC re-transmission may be used. It is assumed that the application’s requirement on delay variation is expressed through the transfer delay attribute, which implies that there is no need for an explicit delay variation attribute.

By using the reliability attribute(s), the application requirement on error rate can be specified, as well as whether the application wants UMTS to detect and discard SDUs containing errors.

Interactive class 

This bearer class is optimized for transport of human or machine interaction with remote equipment, such as web browsing. The source characteristics are unknown but may be bursty. 

To be able to limit the delivered data rate for applications and external networks by traffic conditioning, maximum bitrate is included.

There is a definite need to differentiate between quality for bearers within the interactive class. One alternative would be to set absolute guarantees on delay, bitrate etc, which however at present seems complex to implement within UTRAN/CN. Instead, traffic handling priority is used. SDUs of a UMTS bearer with higher traffic handling priority is given priority over SDUs of other bearers within the interactive class, through UMTS-internal scheduling.

It is principally impossible to combine this relative approach with attributes specifying delay, bitrate, packet loss etc, so an interactive bearer gives no quality guarantees, and the actual bearer quality will depend on the load of the system and the admission control policy of the network operator.

The only additional attribute that is reasonable to specify is the bit integrity of the delivered data, which is a part of the reliability.

Background class

The background class is optimized for machine-to-machine communication that is not delay sensitive, such as messaging services. Background applications tolerate a higher delay than applications using the interactive class, which is the main difference between the background and interactive classes.

UMTS only transfers background class SDUs  when there is definite spare capacity in the network. To be able to limit the delivered data rate for applications and external networks by trafficconditioning, maximum bitrate is included.

No other guarantee than bit integrity in the delivered data, according to the reliability, is needed.

6.4.1.3 UMTS bearer attributes: summary

In Table 1, the defined UMTS bearer attributes and their relevancy for each bearer class are summarized. Observe that traffic class is an attribute itself.

Traffic class
Conversational class
Streaming class
Interactive class
Background class

Maximum bitrate
X
X
X
X

Delivery order
X
X
X
X

SDU size information
X




Reliability
X
X
X
X

Transfer delay
X
X



Guaranteed bit rate
X
X



Traffic handling priority


X


Allocation/Retention priority
X
X
X
X

Table 1. UMTS bearer attributes defined for each bearer class.

5. Proposal

It is proposed that Section 6.4.1 of this document is inserted in Section 6.4.1 of [1]. The text within square brackets explaining the purpose of each attribute should be inserted as well, and excluded later if the purpose and use of the attributes are given elsewhere in the technical report.
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