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1 Introduction

This document discusses SAE bearer-based and IP-based transport service models for SAE design in a form of a new SAE key issue. This document compares these two transport service architectures from the following different viewpoints, each seen to be critical to the overall long term SAE competitiveness: 

1. Transport Service Management Latency
2. Service Deployment Flexibility

3. Capability for Flexible QoS Differentiation

4. System Complexity and Cost
5. Support of Multiple & Evolving Radio Technologies 
6. Efficient usage of System Capacity
7. Backwards Compatibility with GPRS
Finally, a way forward with the SAE design is proposed.
2 Discussion of SAE Transport Service Architecture options
Two basic options for modelling the SAE transport service architecture can be identified:
SAE bearer-based transport service model
The SAE bearer-based transport service model is already described in Section 7.12.4 of TR 23.882.

SAE end-to-end services are realized in terms of IP flows. The CN translates the IP flow into an end-to-end type of NAS bearer (e.g. PDP context or SAE bearer) traversing through multiple SAE interfaces with its own QoS derived from the IP flow QoS. This NAS SAE bearer is translated into further bearers for the Access Stratum.
At each bearer setup, the available QoS information has to be mapped to the QoS attributes of the new bearer. Also, specific bearer establishment signalling is typically exchanged between the pair of nodes between which the bearer is to be setup. 

When bearers are setup, the data processing in each SAE node is based only on the characteristics of the terminated bearers, while the transported IP datagrams are merely "hidden" payloads. This SAE bearer-based transport service model is illustrated in Figure 1.
The transport protocol stack within network is: User IP over 3GPP bearers over IP over Transport Link. 
This is illustrated by the following figure.
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Figure 1. SAE bearer-based SAE transport service model as illustrated in TR 23.882
IP-based transport service model
In this approach the Transport QoS for each SAE interface (including the LTE Radio Interface) is directly derived from the traversing IP flow QoS without any need for end-to-end type of SAE bearers traversing through multiple SAE interfaces. 
At least one SAE node enforces QoS policy and compares the traversing IP flow with the distributed IP flow QoS profile and potentially marks the IP flows accordingly. SAE nodes not concerned with policy enforcing would do their QoS mapping toward the local SAE interface based on the IP flow markings provided by a preceding SAE node. 
Regardless whether a node has access to IP flow QoS policies and examines the traversing IP flow or whether the node derives the desired IP flow QoS from the existing IP flow markings, each node directly maps the IP flow QoS to the QoS provided by the physical transport media towards the next SAE node. 
The transport protocol stack within network is: User IP over Transport Link.
This is illustrated by the following figure.
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Figure 2.  IP-based SAE transport service model with the pictorial convention of TR 23.882
3 Comparison of SAE Transport Service Architecture options
Pre-SAE 3GPP packet data systems clearly rely on an end-to-end type of bearer-based transport service model. This was a natural choice when: 
· the role of the system was to carry several types of packet services (e.g. PPP, X20, IP) without existence of a unifying Layer 3 solution, such as IP is today. 

· there was no unified transport infrastructure, such as IP is today

In the following sections these two transport service models are compared from the following viewpoints, each seen to be critical to the overall long term SAE competitiveness: 

1. Transport Service Management Latency
2. Service Deployment Flexibility

3. Capability for Flexible QoS Differentiation

4. System Complexity and Cost

5. System Capability to Support Multiple & Evolving Radio Technologies 

6. Efficient usage of Total Radio Capabilities (Capacity and QoS)

7. Backwards Compatibility with GPRS

3.1 Transport Service Management Latency:

In a SAE bearer-based transport service model, the IP flow QoS policy is first made available to the SAE system (e.g. from the PCRF). This QoS is mapped to a QoS specific to the highest level bearer (SAE Bearer). Signalling is exchanged between the SAE bearer termination points (e.g. UE and SAE EPC). 
QoS for the next level bearer (SAE Access Bearer) is derived from the QoS of the SAE bearer. Signalling is executed (e.g. between EPC and EUTRAN) to setup the SAE Access Bearer. Finally the QoS of this bearer is mapped to the link carrying the access bearer between EUTRAN and EPC. 
At EUTRAN, the SAE Access bearer is mapped to suitable radio bearer towards the UE and signalling is exchanged to establish that radio bearer. The SAE radio bearer is finally mapped to the physical transport carrying the bearer over the LTE radio interface.

The execution of this type of cascading signalling between several SAE nodes naturally comes with a delay associated with it.

In an IP-based transport service model, the IP flow QoS policy is, similarly as above, made available to the SAE system (e.g. from the PCRF). The SAE then distributes the IP flow QoS policy to each SAE network node desired to be IP flow aware. When the policy is distributed within the network, each SAE node maps the QoS to the link layer transport service of their local SAE interface and the user data flow can start immediately. 
Based on this comparison it can be concluded that the SAE bearer-based model has an inbuilt characteristic of high transport service management latency. The bearer establishment/modification process can naturally be optimized but the basic philosophy of SAE bearer-based model stays the same. 
3.2 Service Deployment Flexibility

To deploy a service requiring a new QoS handling in the SAE bearer-based transport service model, all the SAE bearers have to support the realization of the required QoS. All bearers and their setup signalling specifications at each relevant SAE interface have to be updated with new features by further specification effort and the new features have to get deployed before the new service - with the optimized QoS – can be introduced.

In an IP-based transport service model, only a new IP flow-specific QoS policy has to be created by the operator. The policy has to be distributed to the SAE system through the PCRF after which the system is capable of providing optimal QoS for the new IP flows.

Based on this comparison it can be concluded that if new QoS features are required for future services, usage of the SAE bearer-based transport service model inherently leads to slow adaptation to the new QoS requirements due to the required 3GPP specification effort.
3.3 Capability for Flexible QoS Differentiation


In a SAE bearer-based transport service model the capability to provide QoS differentiation to different IP flows is achieved by establishment of multiple SAE bearers for the IP flows. Establishment and management of each SAE bearer require their own signalling spanning thorugh the whole SAE system.
The SAE bearer-based model can still handle the IP flows when just a few QoS classes are required, but if many IP flows are desired to be handled in a specific way the amount of required parallel SAE bearers easily explodes. 
In an IP-based transport service model it is easy to define several IP flow QoS policies with arbitrary granularity and scale. The system complexity is not significantly increased when the amount of IP flow QoS policies gets higher.
Based on this comparison it can be concluded that the SAE bearer-based transport service model has an inbuilt scalability problem for providing flexible QoS differentiation.

3.4 System Complexity and Cost

A significant portion, if not the majority, of the pre-SAE 3GPP specifications handle several types of bearer management procedures at various 3GPP interfaces. Also, several specifications are required to specify the mapping of user data to the various bearers. This results into a complex set of 3GPP specifications, further translating into complex and heavy 3GPP-specific network infrastructure.
Starting from 3GPP Release 5 a lot of new IP-based operations have been added on top of the established 3GPP SAE bearer-based transport system; e.g. IMS, IP flow based charging and IP-based policy control. The existence of the old type of 3GPP specific SAE bearers below this new IP level functionality restricts the value of those IP functions to the subset that can be supported by the underlying SAE bearers, thus resulting to reduced benefits from the new IP-based operations.
In an IP-based SAE, the complexity of 3GPP user data transport related specifications would be greatly reduced. In principle instead of all the current ‘bearer management’ and ‘user data mapping onto the bearers’ type of specifications, only the physical transport for each SAE interface and IP flow QoS policy distribution mechanisms within SAE would have to be specified.
Based on this comparison it can be concluded that the existence of the bearers themselves in a SAE bearer-based transport service model is the reason for most of the complexity in 3GPP specifications.

3.5 Support of Multiple & Evolving Radio Technologies 
In a SAE bearer-based transport service model, large part of the 3GPP system specifications and network infrastructure operations are specific to a certain radio interface. In every instance when 3GPP radio technology has evolved, this has caused significant changes into the system architecture and required significant investments for new network infrastructure. The ongoing SAE effort is also triggered by the need to support a new LTE radio interface. 

Experience shows that, in spite of always trying to make the new SAE bearer-based transport system as access agnostic as possible, the resulting system has significant level of access dependency.
In an IP-based transport service model, the whole SAE transport system, except the nodes terminating the radio interface, is access agnostic. In principle different radio access technologies can freely coexist in the same IP-based SAE system and new evolved radio access technologies can be plugged in to the existing IP-based SAE system.
Based on this comparison it can be concluded that the SAE bearer-based transport service model causes significant inflexibility to support evolving radio access technologies compared to a IP-based SAE system.
3.6 Efficient usage of System Capacity 

Sometimes it may be perceived that the more complex the procedures for QoS are, the better the capacity and the QoS a system can provide. This however is not true. The true capacity and QoS any system can provide is always limited by the capabilities of the physical transport solutions within the system. In practice each system has a bottleneck physical transport link, which basically determines the true capacity of the system. In wireless systems that bottleneck physical transport link is typically the radio interface or the last mile transport links to/from the bases station site. 

The way how system-wide QoS mechanisms do actually make a difference to the overall true QoS provided by the system depends only on the capability of the system to fully utilize the QoS capabilities of the bottleneck physical transport link.

In a SAE bearer-based transport service model, the SAE bearers are used to abstract the true IP flow QoS service into SAE bearer QoS. The SAE bearer QoS may further be mapped to the QoS of another bearer. Finally the QoS of the lowest level bearer is mapped to the true QoS mechanisms provided by the physical transport. This by default leads to non optimal utilization of physical transport resources.
In IP-based transport service model the IP flow QoS is directly mapped to the individual QoS provided by the physical transport links. Therefore the capabilities provided by the physical transport over the radio interface (i.e. LTE radio) or over the last mile transport links can be fully utilized.
Based on this comparison it can be concluded that the SAE bearer-based transport service model has inbuilt mechanisms not allowing the usage of system capacity as efficiently as it would be possible. This by definition leads to a worse overall capacity and performance compared to the QoS that could be provided by an IP-based SAE system.

3.7 Backwards Compatibility with GPRS
GPRS and its evolution are clearly based on an end-to-end bearer-based model. The transport service model for SAE should however be mainly selected based on its characteristics for transporting user data over the LTE radio within the SAE system. 
From the SAE backwards compatibility point of view, following issues are considered most important:

· The handover type of backwards compatibility, meaning the UE capability to make smooth handovers between the SAE/LTE system and the legacy 3GPP packet radio systems (UTRAN, GERAN).

This backwards compatibility can be ensured by providing legacy interfaces between the SAE system and the GPRS based system. These interfaces are identified as S3 and S4 in the current SAE design by SA2. It is natural that these interfaces will become very similar to the corresponding interfaces in specified for GPRS (illustrated in TS 23.060).

The choice of transport service model for transporting user data within SAE (i.e. SAE bearer-based or IP-based) is not seen to have any direct impact to these two interfaces enabling the handover type of backwards compatibility.

· Capability to reuse the existing roaming infrastructure: Usage of IP-based transport service for SAE mainly impacts the mechanisms used to transport user IP flows (End-to-End Service) between the accessing UE and the local PLMN (i.e. the visited PLMN in case of inter-PLMN roaming). No direct impact is seen to the capability of reusing the existing mechanisms (e.g. GTP transport), infrastructure (e.g. GRX) or existing roaming agreements between operators to support roaming in IP-based SAE.
· SAE potential for future evolution towards a unified system solution for evolving 3GPP radios

In general, the IP-based model being by default access agnostic suits to this role better than a SAE bearer-based SAE model, where higher level of access system dependency will be present.
4 Conclusions 
As discussed in section 3, an IP-based transport service model for SAE provides clear benefits in addressing several issues critical for SAE long term competitiveness:

· Transport Service Management Latency

· Service Deployment Flexibility

· Capability for Flexible QoS Differentiation

· System Complexity and Cost

· Support of Multiple & Evolving Radio Technologies 

· Efficient usage of System Capacity

From the backward compatibility point of view, no significant differences regarding the two possible SAE transport service model are seen.
Based on the above comparison it is considered that a serious effort should be taken to further study and evaluate an approach where the SAE architecture would be based on the IP-based transport service model as described in this Key Issue.

It is therefore proposed that a placeholder for documenting IP based SAE design option is created in TR 23.882. The placeholder could be e.g. a new top level section : "IP based SAE Design Option".
A text proposal for this new section is provided in the companion contribution S2-063714.
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