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1
Introduction

In this paper we present an optimised signalling sequence for establishing a dedicated SAE bearer where bearer management and session management are signalled in one transaction. We also show examples how service data flows are aggregatd to GBR and non-GBR dedicated bearers. 

Improvements have been made in the SAE bearer management in comparison to to the 3G PDP context model:

· C-plane signaling is accelerated: Hierarchical signalling procedures due to separate transactions on bearer management and session management layers have been removed.  

· The possibility for negotiating the bearer level QoS is not seen necessary, which also decreases signaling.  

· U-plane delays are decreased by allowing early transmission of data (including application level signaling, if so desired) on the default bearer whilst dedicated bearer establishment is pending. 

Alternatively, the pre-establishment of SAE bearers is utilized for services, where the uplink packet filters can be downloaded in advance.

2
SAE Bearer Establishment Procedure

The general procedure for establishing a dedicated SAE bearer is illustrated in Figure 1. Quality of Service parameters are handled in the following sequential order within the bearer establishment procedure. 

1. The UPE/3GPP Anchor receives a QoS Policy from the PCRF or it applies a local policy.

2. The UPE/3GPP Anchor uses this QoS policy to build a SAE bearer QoS profile. Also service level QoS information will be indicated in relation to a specific UL TFT.

3. The MME sends the SAE bearer QoS profile within the bearer establishment message on the S1 to eNB. This S1 message also transparently carries a NAS PDU including NAS level QoS information in relation to a specific UL TFT. 

4. The eNB maps the SAE bearer QoS profile to the SAE radio bearer QoS profile, which is then sent in the radio interface radio bearer establishment message. This message also also transparently carries a NAS PDU including NAS level QoS information in relation to a specific UL TFT.

5. The NAS layer forwards service level QoS information to the application layers for information. The application layers in the UE need service level QoS information (e.g. the GBR allocated for a given service data flow) so that they can verify how the requirements for the media session are fulfilled.
NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure 1. SAE Bearer Establishment

The establishment of the SAE bearer is signalled as explained in the following steps:

1.  A service level negotiation is initiated on the default SAE bearer. Alternatively, for non-session based services, data can be sent immediately on the default SAE bearer. 

NOTE: Service level negotiations may alternatively be assigned to use a pre-established dedicated SAE bearer 

2a’.  For session based services, an Service Data Flow specific QoS Policy is pushed from the PCRF to the 3GPP anchor.

2a.  The UPE/3GPP Anchor sends a SAE Bearer Request to the MME based on an active PCC rule (either received from PCRF or pre-defined in the gateway). The message includes a SAE Bearer QoS Profile (as defined in section 7.12.6 [1]). Secondly, it includes Service Level QoS Information, which will be sent to the terminal NAS layer for information together with the UL TFT assignment. Optionally, the header compression configuration parameters for the SAE bearer are included to be sent to the terminal NAS layer.

2b. The MME sends a SAE Bearer Request message to the eNB. The message includes the SAE Bearer QoS Profile. The MME also inserts to the SAE Bearer Request message a NAS PDU including the NAS QoS information, uplink TFT and header compression configuration parameters. The NAS PDU will be transparently sent via the eNB to the UE.

2c. The eNB performs admission control in case a GBR requirement was set by the MME for the SAE Bearer.  It then sends a SAE Radio Bearer Request towards the UE. The message parameters include the Radio Bearer QoS and the NAS PDU sent from the MME.

3a. The UE binds the assigned uplink TFT to the assigned uplink radio bearer. It then acknowledges the SAE radio bearer establishment to the eNB. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3b. The eNB acknowledges the SAE bearer establishment to the MME. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3c. The MME acknowledges the SAE bearer establishment and UL TFT assignment to the UPE/3GPP Anchor. 

NOTE: The MME, eNB nor UE do not negotiate for QoS parameters, they either accept or reject the QoS parameter assignments.

4. Data is now sent on a dedicated SAE bearer.

NOTE: Steps 2 and 3 in this signalling sequence can also be used for preconfiguring an SAE bearer in case the uplink packet filter(s) are known in advance.

3
Aggregation of Services to SAE Bearers 

3.1
Aggregation of Services

Different Service Data Flows can be mapped to the same Label. The mapping of a service to a Label is an operator’s policy decision

Multiple service data flows which are mapped to the same Label and the same ARP and which are provided from the same APN can be aggregated (multiplexed) onto the same GBR or Non-GBR SAE Bearer,  even if the services have been initiated at different points in time. This requires an update of UL/DL TFTs for GBR and Non-GBR Bearer. In addition, it requires Modify Request (Admission Control) towards eNB for GBR Bearers 

The eNB cannot trigger a Bearer Modification, but this is triggered from the PCRF or PCEF.

For GBR bearers, the bearer parameters may need to be modified in the event that a new Service Data Flow is aggregated to it or when one of the aggregated Service Data Flows is no longer active. The bearer level GBR must be modified by signaling a SAE bearer modification from the MME to eNB. The ARP of the bearer will not be modified during runtime.

For non-GBR bearers, the aggregation of new service data flows is not expected to change the bearer parameters of the SAE bearer. 

Whether or not the bearer label should be modified for some use cases is FFS. 

In the following subsections, examples of a bearer modification procedures is illustrated for a GBR bearer and then an example of aggregation of a new service data flow is shown for a non-GBR service. 

3.1
Aggregation of an SDF to a GBR SAE Bearer 

An example procedure for modifying a GBR bearer, when a new Service Data Flow is aggregated is illustrated in Figure 2.

NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure 2: The aggregation of a new SDF to a GBR SAE bearer

The aggregation of a new service data flow to a dedicated GBR SAE bearer is signalled as explained in the following steps:

1. A service level negotiation is initiated on the default SAE bearer. 

NOTE: Service level negotiations may alternatively be assigned to use a pre-established dedicated SAE bearer, which has been dedicated to carry application level signalling. 

2a’. A Service Data Flow specific QoS Policy is pushed from the PCRF to the 3GPP anchor.

2a. The UPE/3GPP Anchor decides to aggregate the SDF to an active SAE Bearer and sends a bearer modification request to the MME. The message includes a SAE Bearer QoS Profile (with modified bearer GBR). It also includes Service Level QoS Information (e.g. GBR for the service data flow) , which will be sent to the terminal NAS layer for information together with the UL TFT assignment. Optionally, the header compression configuration parameters for the SAE bearer are included to be sent to the terminal NAS layer. 

2b. The MME sends a SAE Bearer Modification message to the eNB. The message includes the SAE Bearer QoS Profile (with modified bearer GBR). The MME also inserts to the SAE Bearer Request message a NAS PDU including the NAS QoS information ((e.g. GBR for the service data flow), uplink TFT and header compression configuration parameters. The NAS PDU will be transparently sent via the eNB to the UE.

2c. The eNB performs admission control for the increased GBR assignment for the SAE Bearer.  It then sends a Direct Transfer message towards the UE. 

NOTE: If the Radio Bearer QoS needs to be modified in this case, a SAE radio bearer modification message is needed instead.

3a.  The UE binds the assigned uplink TFT to the earlier assigned uplink radio bearer. It then acknowledges the the UL TFT assignment within the NAS PDU.

3b. The eNB acknowledges the SAE bearer modification to the MME. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3c. The MME acknowledges the SAE bearer modification and the UL TFT assignment to the UPE/3GPP Anchor. 

4. Data is now sent on the earlier established dedicated SAE bearer.

3.2
Aggregation of an SDF to a non-GBR SAE Bearer 

An example procedure for aggregating a new Service Data Flow to an existing non-GBR dedicated SAE bearer is illustrated in Figure 3. 

NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure 3: The aggregation of a new service data flow to a non-GBR SAE bearer

The aggregation of a new service data flow to a dedicated non-GBR SAE bearer is signalled as explained in the following steps:

1.  A new Service Data Flow is initiated and data is sent on the default SAE bearer. 

2a. The UPE/3GPP anchor aggregates the new Service Data Flow on an existing dedicated non-GBR bearer based on a pre-defined rule within the UPE/3GPP Anchor.  It sends an SDF Aggregation message to the MME. The message a new UL TFT assignment for an existing SAE bearer.

2b. The MME sends a Direct Transfer message to the eNB. The message includes a NAS PDU which will be transparently sent via the eNB to the UE.

2c. The eNB forwards the NAS PDU to the UE in the Direct Transfer message.

3a.  The UE binds the assigned uplink TFT to the existing uplink radio bearer. It then acknowledges the assignment on the NAS level. 

3b. The eNB forwards the NAS PDU in the Direct Transfer message to the MME. 

3c. The MME acknowledges the SDF Aggregation to the UPE/3GPP Anchor. 

4. Data is now sent on the existing SAE bearer.

4 
Proposal

It is proposed to include the SAE Bearer Establishment and Aggregation Procedures presented in sections 2 and 3 to TR 23.882 [1]. It is also proposed to capture the bearer modification principles presented in section 3.1 to TR 23.882. 

**** Start of changes ****

7.12.6
The "Label Approach" to Signalling of QoS Parameters on S1

With the "Label Approach" only the following QoS parameters are signaled from the MME/UPE to the eNB across S1:

· Label

· GBR (Guaranteed Bit Rate – UL + DL)

· MBR (Maximum Bit Rate – UL + DL)

· FFS: ARP (Allocation and Retention Priority)

These parameters are associated with an SAE bearer, and are provided to the eNB at SAE bearer establishment / modification. 

In the following we use the terms ‘GBR bearer’ and ‘Non-GBR bearer’ as defined in clause 7.12.1.

The Label identifies a ‘traffic handling behavior’ required from the eNB. It is understood that operators require consistent traffic handling for specific services; in particular in a multi-vendor scenario and in a roaming scenario. For that reason a number of traffic handling behaviors need to be standardized (similar to the way that the so-called Per-Hop Behaviors are standardized for DiffServ, e.g. see IETF RFC 2597 [21] and  IETF RFC 3246 [22]). 

It is understood that as part of a particular traffic handling behavior it needs to be specified which Label value should be used to index that traffic handling behavior at SAE bearer establishment / modification. 

NOTE:
The specification of a traffic handling behavior provides sufficient information that allows  – together with the other above mentioned signaled QoS parameters GBR, MBR (FFS: ARP) – the realization of a particular SAE Radio Bearer in an eNB. For example, such information may include a reference SAE Radio Bearer configuration (e.g. à la 34.108, e.g., including RLC mode); scheduling policy; queue management policy; packet discard timers, etc., etc.

Furthermore, it is understood that the mentioned traffic handling behaviors shall be specified in 3GPP specifications.

The GBR applies only to GBR bearers. 

The MBR applies to both GBR and Non-GBR bearers.

NOTE: 
Whether the ARP should be signaled from the MME/UPE to the eNB across S1 or whether it can be pre-configured as part of a traffic handling behavior is FFS. If signaled then the ARP applies to both GBR and Non-GBR bearers. 

NOTE: 
A precise and clear definition of the meaning of the QoS parameters GBR, MBR, and ARP is left FFS.

NOTE: 
The term, Label, is a working name chosen for the time being. It may get replaced at a later stage with a more appropriate term.
7.12.7
Aggregation of Services to SAE Bearers

Different Service Data Flows can be mapped to the same Label.  The mapping of a service to a Label is an operator’s policy decision

Multiple service data flows which are mapped to the same Label and the same ARP and which are provided from the same APN can be aggregated (multiplexed) onto the same GBR or Non-GBR SAE Bearer,  even if the services have been initiated at different points in time. This requires an update of UL/DL TFTs for GBR and Non-GBR Bearer. In addition, it requires Modify Request (Admission Control) towards eNB for GBR Bearers 
The eNB cannot trigger a Bearer Modification, but this is triggered from the PCRF or PCEF.

For GBR bearers, the bearer parameters may need to be modified in the event that a new Service Data Flow is aggregated to it or when one of the aggregated Service Data Flows is no longer active. The bearer level GBR must be modified by signaling a SAE bearer modification from the MME to eNB. The ARP of the bearer will not be modified during runtime.

For non-GBR bearers, the aggregation of new service data flows is not expected to change the bearer parameters of the SAE bearer. 

Whether or not the bearer Label should be modified for some use cases is FFS. 
7.12.8
Resource Establishment and QoS Signalling

Resource Establishment and QoS Signalling handle the provisioning of QoS/policy information to the network entities that control radio/network resources. Radio/network resources are controlled applying information about the users' subscription, the UE's and the radio/network capabilities, the availability of radio/network resources, certain operator policies, and what services are being used.

The negotiation/re-negotiation of requested network resources shall not be supported within the eNB. This means that the eNB either rejects or accepst the resources requested by the aGW.
Resource Establishment and QoS Signalling may be preceded by application level signalling of QoS requirements. (e.g. IMS). This may lead to the establishment of dedicated SAE bearers (comparable to UMTS secondary PDP contexts).The application signalling takes place on the already established resources of the default SAE access bearer or a pre-established signalling bearer. An application function performs the negotiation with the UE on media components and their characteristics and provides the relevant information to the PCRF.

For operator-controlled services (e.g. IMS) SAE/LTE supports Network-Initiated SAE Bearer establishment and Network-Initiated SAE Bearer modification, i.e., the network controls the SAE Bearer signalling and is thus responsible for requesting the appropriate bearer QoS parameters. 
NOTE:
The provisioning of enhanced QoS for non-operator-controlled services is FFS

NOTE:
Support in SAE/LTE for UE-Initiated SAE Bearer establishment and UE-Initiated SAE Bearer modification is FFS

The Resource Establishment is triggered by a resource request from the PCRF which translates the media information into the necessary Policy/QoS information or by IP bearer signalling which contains the Policy/QoS information. In the latter case it is assumed that the network performs a QoS authorization beforehand which adds the Policy information to the bearer signalling. It is FFS whether triggering of the Resource Establishment by the PCRF should be also supported for non-IMS services.

The Resource Establishment function contains both, the functions that are needed to setup network and radio resources and the respective signalling towards the UE to bind the radio resources to the application layer and provide it with the authorised QoS.

The MME/UPE checks whether the granted resources correspond to the limits defined in the subscription profile of the user and initiates a resource assignment towards the radio part of the network.

The responsible LTE-RAN function checks the availability of resources and sets up the required resources and finally informs the UE on the radio resources configuration for the service and which resources are linked to which IP or session flows.

NOTE:
Allocation of LTE-RAN functions to logical entities is FFS in RAN WGs.
7.12.9
SAE Bearer Establishment


The general procedure for establishing a dedicated SAE bearer is illustrated in Figure xxx. Quality of Service parameters are handled in the following sequential order within the bearer establishment procedure. 

1. The UPE/3GPP Anchor receives a QoS Policy from the PCRF or it applies a local policy.

2. The UPE/3GPP Anchor uses this QoS policy to build a SAE bearer QoS profile. Also service level QoS information will be indicated in relation to a specific UL TFT.

3. The MME sends the SAE bearer QoS profile within the bearer establishment message on the S1 to eNB. This S1 message also transparently carries a NAS PDU including NAS level QoS information in relation to a specific UL TFT. 

4. The eNB maps the SAE bearer QoS profile to the SAE radio bearer QoS profile, which is then sent in the radio interface radio bearer establishment message. This message also also transparently carries a NAS PDU including NAS level QoS information in relation to a specific UL TFT.

5. The NAS layer forwards service level QoS information to the application layers for information. The application layers in the UE need service level QoS information (e.g. the GBR allocated for a given service data flow) so that they can verify how the requirements for the media session are fulfilled.
NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure xxx. SAE Bearer Establishment

The establishment of the SAE bearer is signalled as explained in the following steps:
1. 
A service level negotiation is initiated on the default SAE bearer. Alternatively, for non-session based services, data can be sent immediately on the default SAE bearer. 

NOTE: Service level negotiations may alternatively be assigned to use a pre-established dedicated SAE bearer 

2a’. For session based services, an Service Data Flow specific QoS Policy is pushed from the PCRF to the 3GPP anchor.

2a.
 The UPE/3GPP Anchor sends a SAE Bearer Request to the MME based on an active PCC rule (either received from PCRF or pre-defined in the gateway). The message includes a SAE Bearer QoS Profile (as defined in section 7.12.6 [1]). Secondly, it includes Service Level QoS Information, which will be sent to the terminal NAS layer for information together with the UL TFT assignment. Optionally, the header compression configuration parameters for the SAE bearer are included to be sent to the terminal NAS layer.

2b. The MME sends a SAE Bearer Request message to the eNB. The message includes the SAE Bearer QoS Profile. The MME also inserts to the SAE Bearer Request message a NAS PDU including the NAS QoS information, uplink TFT and header compression configuration parameters. The NAS PDU will be transparently sent via the eNB to the UE.

2c. The eNB performs admission control in case a GBR requirement was set by the MME for the SAE Bearer.  It then sends a SAE Radio Bearer Request towards the UE. The message parameters include the Radio Bearer QoS and the NAS PDU sent from the MME.

3a.
The UE binds the assigned uplink TFT to the assigned uplink radio bearer. It then acknowledges the SAE radio bearer establishment to the eNB. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3b. The eNB acknowledges the SAE bearer establishment to the MME. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3c. The MME acknowledges the SAE bearer establishment and UL TFT assignment to the UPE/3GPP Anchor. 

NOTE: The MME, eNB nor UE do not negotiate for QoS parameters, they either accept or reject the QoS parameter assignments.

4. Data is now sent on a dedicated SAE bearer.

NOTE: Steps 2 and 3 in this signalling sequence can also be used for preconfiguring an SAE bearer in case the uplink packet filter(s) are known in advance.
7.12.10 SAE Bearer Modification

7.12.10.1
Aggregation of an SDF to a GBR SAE Bearer 

An example procedure for modifying a GBR bearer, when a new Service Data Flow is aggregated is illustrated in Figure yyy.
NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure yyy: The aggregation of a new SDF to a GBR SAE bearer 

The aggregation of a new service data flow to a dedicated GBR SAE bearer is signalled as explained in the following steps:

1. 
A service level negotiation is initiated on the default SAE bearer. 
NOTE: Service level negotiations may alternatively be assigned to use a pre-established dedicated SAE bearer, which has been dedicated to carry application level signalling. 

2a’. A Service Data Flow specific QoS Policy is pushed from the PCRF to the 3GPP anchor.

2a.
 The UPE/3GPP Anchor decides to aggregate the SDF to an active SAE Bearer and sends a bearer modification request to the MME. The message includes a SAE Bearer QoS Profile (with modified bearer GBR). It also includes Service Level QoS Information (e.g. GBR for the service data flow) , which will be sent to the terminal NAS layer for information together with the UL TFT assignment. Optionally, the header compression configuration parameters for the SAE bearer are included to be sent to the terminal NAS layer. 

2b. The MME sends a SAE Bearer Modification message to the eNB. The message includes the SAE Bearer QoS Profile (with modified bearer GBR). The MME also inserts to the SAE Bearer Request message a NAS PDU including the NAS QoS information ((e.g. GBR for the service data flow), uplink TFT and header compression configuration parameters. The NAS PDU will be transparently sent via the eNB to the UE.

2c. The eNB performs admission control for the increased GBR assignment for the SAE Bearer.  It then sends a Direct Transfer message towards the UE. 
NOTE: If the Radio Bearer QoS needs to be modified in this case, a SAE radio bearer modification message is needed instead.

3a.
The UE binds the assigned uplink TFT to the earlier assigned uplink radio bearer. It then acknowledges the the UL TFT assignment within the NAS PDU.

3b. The eNB acknowledges the SAE bearer modification to the MME. A NAS PDU including the UL TFT assignment acknowledgment is also included in this message.

3c. The MME acknowledges the SAE bearer modification and the UL TFT assignment to the UPE/3GPP Anchor. 

4. Data is now sent on the earlier established dedicated SAE bearer.

7.12.10.2
Aggregation of an SDF to a non-GBR SAE Bearer 

An example procedure for aggregating a new Service Data Flow to an existing non-GBR dedicated SAE bearer is illustrated in Figure zzz. 
NOTE: Message names are considered as initial proposals and should be confirmed during stage 3 work. 
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Figure zzz: The aggregation of a new service data flow to a non-GBR SAE bearer 

The aggregation of a new service data flow to a dedicated non-GBR SAE bearer is signalled as explained in the following steps:

1. 
A new Service Data Flow is initiated and data is sent on the default SAE bearer. 
2a.
 The UPE/3GPP anchor aggregates the new Service Data Flow on an existing dedicated non-GBR bearer based on a pre-defined rule within the UPE/3GPP Anchor.  It sends an SDF Aggregation message to the MME. The message a new UL TFT assignment for an existing SAE bearer.

2b. The MME sends a Direct Transfer message to the eNB. The message includes a NAS PDU which will be transparently sent via the eNB to the UE.

2c. The eNB forwards the NAS PDU to the UE in the Direct Transfer message.

3a.
The UE binds the assigned uplink TFT to the existing uplink radio bearer. It then acknowledges the assignment on the NAS level. 

3b. The eNB forwards the NAS PDU in the Direct Transfer message to the MME. 

3c. The MME acknowledges the SDF Aggregation to the UPE/3GPP Anchor. 

4. Data is now sent on the existing SAE bearer.











**** End of changes ****
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