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1
Introduction

During the joint RAN2, RAN3 and SA2 meeting in Denver, a bearer service model was agreed [3] and included in TR 23.882 [1]. This contribution first summarizes the agreement, explains the bearer operation as it is envisioned for E-UTRAN and highlights the proposals related to the radio bearer.  It is an update of [2].
2
Bearer Service Model

The SAE bearer service layered architecture agreed in [1] is depicted on Figure 1 below, where the definition of a bearer service as given in TS 23.107 remains applicable: “A bearer service includes all aspects to enable the provision of a contracted QoS. These aspects are among others the control signalling, user plane transport and QoS management functionality.”
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Figure 1: SAE Bearer Service Architecture

As described in [1], the SAE Bearer Service is used to provide the end-to-end QoS for service data flows, IP header compression and UP encryption. The configuration of encryption, header compression and mapping of service data flows is also provided on this level. 
The SAE bearer consists of an SAE radio bearer and an SAE access bearer, and there is a one-to-one mapping between an SAE Radio Bearer and an SAE Access Bearer. The SAE Radio Bearer Service provides the transport of the SAE Bearer Service data units between eNB and UE according to the required QoS and the linking of the SAE Radio Bearer Service to the respective SAE Bearer Service. The SAE Access Bearer Service provides the transport of the SAE Bearer Service data units between aGW and eNB according to the required QoS and the linking of the SAE Access Bearer Service to the respective SAE Bearer Service. This service is also used to provide the QoS profile of end-to-end service data flows to the eNB.
A Service Data Flow (SDF) is defined as an aggregate set of packet flows. An UpLink Packet Filter (ULPF) in the UE is used to bind an SDF to an SAE Bearer in the uplink direction, and a DownLink Packet Filter (DLPF) in the aGW binds an SDF to an SAE Bearer in the downlink direction. 

SDFs mapped to the same SAE Bearer receive the same treatment (e.g., in scheduling). This means that, essentially, an SAE Bearer (i.e., the corresponding SAE Radio Bearer and SAE Access Bearer) is the level of granularity for QoS control in an SAE/LTE access system. Providing different QoS to two SDFs thus requires that a separate SAE Bearer is established for each SDF.

The aGW receives from the PCRF the details about the end-to-end services that need to be transferred, i.e. filters describing the service data flows and related QoS description (at least bitrate information and a “traffic class” representing the delay/priority requirement). The aGW signals to the eNB the QoS descriptions for each SAE bearer service. Both, UE as well as aGW perform the mapping of the end-to-end-service data flows to SAE bearer service(s). In order to be able to differentiate between packets belonging to different SAE bearer s, the eNB and the aGW needs to be aware of the QoS description of an SAE bearer. 

Proposal 1: each SAE bearer maps to one and only one access bearer, radio bearer and logical channel. There is a one-to-one mapping between a logical channel and a radio bearer.
3
SAE Bearer Types

For policy control, the LTE UPE receives a PCC rule including a QoS request from the PCRF each time a new service is requested by the UE.  The aGW may also apply PCC rules for a service based on flow detection. If the requested QoS can not be provided by the default SAE bearer service, dedicated SAE bearer services are required.

The default SAE bearer is an “always on” SAE bearer that can be used immediately after LTE_IDLE to LTE_ACTIVE state transition. It carries all flows which have not been signalled a TFT. For the default SAE bearer, several service data flows can be multiplexed. The QoS profile is assigned during initial access and it may be differentiated per subscription. One default SAE radio bearer is associated to the Default SAE Bearer.

The dedicated SAE Bearer is aimed at supporting identified services in a dedicated manner, typically to provide a guaranteed bit rate. Dedicated bearers are established by the aGW based on the QoS information received in PCC rules. For uplink handling the aGW signals the TFT filters for the dedicated bearers. The UE maps service data flows to the correct bearer based on the TFTs, which have been signalled during bearer establishment. As for the default SAE Bearer, also for the dedicated SAE Bearer several service data flows can be multiplexed. 

To accelerate the bearer establishment phase the SAE radio bearer concept allows data to be transmitted with some default QoS parameters already while the bearer setup procedure is pending. Once the setup is complete, the QoS of the bearer is reconfigured without separate reconfiguration signalling. This mechanism can be used for selected services.  
Proposal 2: while the SAE bearer setup procedure is pending, the radio bearer allows data to be transmitted with some default QoS parameters over the radio.

4
QoS Profile

In 2G and 3G networks, the usage of a large number of different QoS parameters has lead to problems in testing and interoperability. This is why the QoS Profile of the SAE Bearer is proposed to be limited to three essential attributes. The QoS Profile of the SAE bearer is signalled from the aGW to the eNB during the SAE bearer setup procedure. This profile is then used by the eNB to derive a set of Layer 2 QoS parameters, which will determine the QoS handling on the air interface. Some of these L2 parameters may also be signalled to the UE during the SAE radio bearer setup procedure. The QoS profile is also used by the eNB to determine the correct DSCP marking within the SAE access bearer towards the aGW. 

The following QoS profile parameters are signalled for each SAE bearer: Traffic Priority (mandatory), Maximum Bit Rate (optional), and Guaranteed Bit Rate (optional). In addition, the aGW signals to the eNB the Allocation and Retention Priority for each user during initial access. 

In order to simplify testing and interoperability, a set of reference SAE bearers with related SAE Bearer QoS profiles and SAE Radio Bearer L2 QoS profiles shall be defined. 

Proposal 3: the QoS Profile of the SAE bearer is signalled from the aGW to the eNB during the SAE bearer setup procedure. This profile is then used by the eNB to derive a set of Layer 2 QoS parameters, which will determine the radio bearer / logical channel configuration and its QoS handling on the air interface.

Proposal 4: a set of reference SAE bearers with related SAE Bearer QoS profiles and SAE Radio Bearer L2 QoS profiles shall be defined.

5
Aggregation

From the service point of view, service data flows requiring guaranteed bit rates are not the best candidates for aggregation. Resource allocation for a flow, which is part of an aggregated flow, cannot be independently controlled without designing a QoS aware multiplexing mechanism that operates on flows within the aGW instead of SAE radio bearers in the eNB level. The reason for this is that packets within an aggregated bearer cannot be differentiated in the eNB scheduling, as decided in 3GPP SA2. 

For air interface scheduling, the eNB has the best visibility to apply fast resource allocation to provide the desired QoS levels. To enable optimal scheduling within the eNB for the highest priority service data flows, the SAE QoS scheme should, therefore, allow the mapping of one service data flow to one dedicated SAE bearer without requiring mandatory aggregation. 

Furthermore, non-aggregated mapping to bearers has the additional benefit of enabling effective monitoring of service usage and the related end-user experience within the eNB. 

Lastly, non-aggregated mapping can also enable a simplified policing scheme within the aGW for services requiring guaranteed bit rates.

Proposal 5: the radio bearer / logical channel is the level of granularity for QoS control in the eNB. 

6
Radio Bearer Establishment

The procedure shown in Figure 2 is an example of how the SAE bearer handling for a dedicated SAE bearer could be used. In this example, the uplink and downlink radio bearers are established simultaneously.
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Figure 2: SAE Bearer Setup triggered by downlink flow

1.
The aGW uses a pre-configured downlink TEID to send to the eNB the L3 QoS profile for a service data flow, which is initiated in the downlink, creating the SAE Access Bearer part of the SAE bearer. The SAE Bearer Setup message also carries the TFT for uplink service data mapping within the UE. 

2a.
Downlink data transmission on the dedicated bearer can begin simultaneously with the initiation of the SAE Bearer Setup procedure. The DSCP marking is based on the L3 QoS profile of the flow.

2b. The configuration of dynamic QoS is not yet ready on the radio interface, so DL data is transmitted with an unregistered LCID and default L2 QoS parameter set. This phase can be considered as an implicit setup of an SAE Radio Bearer via an unregistered LCID with a default L2 QoS. If this is not allowed for the service in question, the data is either buffered or discarded.

3.
The eNB maps the L3 QoS profile to L2 QoS parameters and links the TEID to the downlink LCID. Then the eNB signals to the UE the L2 QoS to tailor the SAE Radio Bearer to support the required QoS both in uplink and downlink. The SAE Radio Bearer Setup message also carries the TFT for uplink service data mapping within the UE.

4.
The UE acknowledges the SAE Radio Bearer creation. It informs the uplink LCID to the eNB, which will be mapped to the SAE Access Bearer. 


With this signalling procedure, the downlink LCID status will change from unregistered to registered and a registered uplink LCID is created. The downlink LCID and the buffer used for the packets sent in 2b are kept unchanged. 

5.
The eNB acknowledges the L3 QoS assignment and configuration of the SAE Bearer (both SAE Radio Bearer and SAE Access Bearer are configured).

6a, 6b. The SAE bearer is configured end-to-end: Data is now sent in a dedicated SAE bearer which uses on the air interface a registered LCID with customised L2 QoS parameters.

The procedure shown in Figure 3 is an example how the dedicated bearer could be used. In this example, the uplink and downlink radio bearers are established simultaneously.
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Figure 3: SAE Bearer Setup triggered by uplink flow

1a, 1b.
A new uplink data flow is initially mapped to a default LCID + default L2 QoS. This LCID will be mapped to the default TEID. 

2.
The aGW identifies the service data flow and informs the eNB of the L3 QoS profile and the TFT for this flow, creating the SAE Access Bearer part of the dedicated SAE bearer.

3.
The eNB maps the L3 QoS profile to L2 QoS parameters. Then the eNB signals to the UE the TFT, L2 QoS profile and downlink LCID for this flow, to create the SAE Radio Bearer.

4.
The UE acknowledges the SAE Radio Bearer setup and signals the uplink LCID for this service data flow. 

5.
The eNB acknowledges the L3 QoS assignment and configuration of the dedicated SAE Bearer (both SAE Radio Bearer and SAE Access Bearer are configured).

6a, 6b.
The dedicated SAE bearer is configured end-to-end: Data is now on the air interface with a registered LCID and customised L2 QoS. The eNB may apply DSCP marking based on the L3 QoS profile.

4
Conclusions & Text Proposal
A series of five proposals were made in this contribution:
Proposal 1: each SAE bearer maps to one and only one access bearer, radio bearer and logical channel. There is a one-to-one mapping between a logical channel and a radio bearer.
Proposal 2: while the SAE bearer setup procedure is pending, the radio bearer allows data to be transmitted with some default QoS parameters over the radio.

Proposal 3: the QoS Profile of the SAE bearer is signalled from the aGW to the eNB during the SAE bearer setup procedure. This profile is then used by the eNB to derive a set of Layer 2 QoS parameters, which will determine the radio bearer / logical channel configuration and its QoS handling on the air interface.
Proposal 4: a set of reference SAE bearers with related SAE Bearer QoS profiles and SAE Radio Bearer L2 QoS profiles shall be defined.

Proposal 5: the radio bearer / logical channel is the level of granularity for QoS control in the eNB. 
A corresponding input to section 8 of 25.813 is proposed below:
The SAE bearer service layered architecture is depicted on Figure 1 below, where the definition of a bearer service as given in TS 23.107 remains applicable: “A bearer service includes all aspects to enable the provision of a contracted QoS. These aspects are among others the control signalling, user plane transport and QoS management functionality.”
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Figure 1: SAE Bearer Service Architecture

The SAE Bearer Service is used to provide the end-to-end QoS for service data flows, IP header compression and UP encryption. The configuration of encryption, header compression and mapping of service data flows is also provided on this level. The SAE bearer consists of an SAE radio bearer and an SAE access bearer, and there is a one-to-one mapping between an SAE Radio Bearer and an SAE Access Bearer. The SAE Radio Bearer Service provides the transport of the SAE Bearer Service data units between eNB and UE according to the required QoS and the linking of the SAE Radio Bearer Service to the respective SAE Bearer Service. The SAE Access Bearer Service provides the transport of the SAE Bearer Service data units between aGW and eNB according to the required QoS and the linking of the SAE Access Bearer Service to the respective SAE Bearer Service. This service is also used to provide the QoS profile of end-to-end service data flows to the eNB.
With respect to E-UTRAN, the following principles apply:
-
Each SAE bearer maps to one and only one access bearer, radio bearer and logical channel. There is a one-to-one mapping between a logical channel and a radio bearer.
-
While the SAE bearer setup procedure is pending, the radio bearer allows data to be transmitted with some default QoS parameters over the radio.

-
The QoS Profile of the SAE bearer is signalled from the aGW to the eNB during the SAE bearer setup procedure. This profile is then used by the eNB to derive a set of Layer 2 QoS parameters, which will determine the radio bearer / logical channel configuration and its QoS handling on the air interface.

-
The radio bearer / logical channel is the level of granularity for QoS control in the eNB. 

-
A set of reference SAE bearers with related SAE Bearer QoS profiles and SAE Radio Bearer L2 QoS profiles shall be defined.
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