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1
Introduction
In this paper we first discuss the fundamental design principles of the SAE/LTE Bearer Model and present the main differences to the 2G/3G bearer model. We then go on to present an optimised signalling sequence for establishing a dedicated SAE bearer with related QoS parameters and NAS messaging. We also show examples of establishing dedicated bearers for a GBR and non-GBR service. An example of aggregating a non-GBR service to an existing SAE bearer is also shown and finally the benefits of pre-configured SAE bearers are discussed.
2
Discussion of the SAE/LTE Bearer Model
The boundaries for defining the QoS handling framework for SAE/LTE are set by baseline architectural decisions. Firstly, when a common anchor point for 2G/3G and LTE/SAE is utilized, and GTP based inter-system mobility is assumed, IP packets must be tunneled on the S1 user plane. Secondly, the termination of U-plane ciphering within the UPE makes it necessary to specify a structure, which enables the aGW to steer the QoS handling of a given service data flow within the eNB and in the UE. One suitable framework for supporting end-to-end QoS handling is based on bearers, as is currently assumed in TR 23.882 [1]. 

When designing the structure for end-to-end QoS handling, we believe that the fundamental design principle of the SAE/LTE QoS shall be the minimum dependency on QoS differentiation intelligence in the LTE terminals.  This is because many terminal applications are and will continue to be non-aware of the 2G/3G/SAE/LTE QoS concepts. Furthermore, when external hosts such as a PC use the UE as a modem, the modem functionality is completely decoupled from the IP stack locating in the host.  

To support a minimum dependency on terminal QoS awareness, the LTE protocol stack shall provide the terminal with exact instructions on how to map uplink service data flows to bearers. This requires c-plane QoS signaling from the MME to the UE.
Looking at alternative structures for end-to-end QoS handling, the same fundamental requirements should apply. For example, if QoS handling is based on priority marking, then we need to specify the signaling for providing the terminal with the information needed for uplink marking. This may amount to very similar signaling as is needed in the bearer approach. 
Unfortunately, in some discussions the term “SAE bearer “ has inherited connotations of  3G bearers, which can be criticized as hierarchical and difficult to implement. But these burdens need not be carried in the LTE/SAE framework. The main differences between SAE bearers and 3G PDP contexts are the following:

· C-plane signaling can be accelerated: The hierarchical signalling due to separate transactions on RANAP/RRC and on SM layers have been removed as is illustrated in section 3.  Also, the possibility for negotiating the QoS is not seen necessary, which also decreases signaling.  
· The U-plane delays can be decreased by allowing early transmission of data (including application level signaling) on the default bearer whilst dedicated bearer establishment is pending. 

· The support for network initiated multiple SAE bearers shall be a mandatory and tested requirement for all terminals and network elements from the first implementations on. This is a realistic possibility as no QoS awareness nor QoS requests are required from terminal applications in the bearer model. 
3
SAE Bearer Establishment Procedure
The general procedure for establishing a dedicated SAE bearer is illustrated in Figure 1. 
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Figure 1. SAE Bearer Establishment
1. 
A service data flow is initiated. Data can be sent immediately on the default SAE radio bearer. 
2a.
 The UPE initiates SAE Bearer Establishment towards the MME based on an active PCC rule (predefined or received from the PCRF). Information on the QoS parameters , the uplink TFT(s) and header compression parameters (optional) are included. 
2b. The MME sends a SAE Bearer Establishment message towards the eNB. The message parameters include the SAE Bearer Id and the L3 QoS including the Label and optionally, GBR for the bearer. It also builds and inserts to the SAE Bearer Establishment Request message a NAS PDU including the uplink TFT(s) and  header compression 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. The eNB maps a given SAE Bearer Id to a pair of uplink and downlink logical channel identifiers.  It then initiates a SAE Radio Bearer Establishment towards the UE. The message parameters include the L2 QoS and the NAS PDU sent from the MME.
3a.
The UE binds the assigned uplink TFT to the assigned uplink logical channel and observes the L2 QoS associated to this logical channel. It acknowledges the SAE radio bearer establishment to the eNB. 
3b. The eNB acknowledges the SAE bearer establishment to the MME. 

3c. The MME acknowledges the SAE bearer establishment to the UPE. 

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: The same signalling sequence can be used for preconfiguring an SAE bearer in case the uplink packet filter(s) of are known in advance.
3
Examples of Bearer Establishment

In the following subsections, the usage of the bearer establishment procedure is illustrated first for a GBR and then for non-GBR services. In the third example, aggregation of a non-GBR service to an existing dedicated SAE bearer is shown. Finally, the usage of pre-configured SAE bearers is discusses. For simplification, the MME/UPE has been portrayed without split.
3.1
Establishment of SAE Bearer for a GBR Service
The procedure for establishing a dedicated SAE bearer for a VoIP call is illustrated in Figure 2. 
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Figure 2: The establishment of an SAE bearer for a VoIP call
1. 
A VoIP call is initiated by sending SIP signalling on the default SAE radio bearer. 
NOTE: If it is seen as necessary to transmit SIP signalling in a dedicated signalling SAE bearer, this can be pre-configured during initial access by utilising parts of the general procedure illustrated in Figure 1. It requires the provision of an uplink TFT for this signalling in advance. Whether or not a dedicated bearer is needed for application level signalling is FFS. 

2a. The MME sends a SAE Bearer Establishment message to the eNB. The message parameters include the SAE bearer id, and the Label and the GBR for the bearer. It also builds and piggybacks to the message a NAS PDU to be transparently sent via the eNB to the UE. The NAS PDU includes the uplink TFT and header compression parameters. 

NOTE: the UL TFT for an IMS VoIP call is not available in advance in the UPE and cannot be pre-configured in advance. 
2b. The eNB performs admission control for the SAE Bearer. The SAE Radio Bearer Establishment includes the L2 QoS, which includes information on the priority of the bearer. It also includes the NAS PDU sent from the MME.
3a, b, c. The Bearer Establishment Requests are acknowledged.
 

NOTE: The MME, eNB nor UE do not re-negotiate the assigned QoS parameters, they either accept or reject the bearer request as a whole.

4. The VoIP audio is is now sent on a dedicated SAE bearer.

3.2
Establishment SAE Bearer for a non-GBR Service

The procedure for establishing a dedicated SAE bearer for FTP downloading is illustrated in Figure 3. 
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Figure 3: The establishment of an SAE bearer for FTP downloading

1. 
The user initiates FTP downloading on the default bearer. 
2b. The UPE detects that FTP downloading has been initiated and applies a pre-configured rule. It requests the MME to establish a low priority dedicated bearer for this service. The MME initiates a SAE Bearer Establishment towards the eNB. The message parameters include the QoS Label for the bearer. It also builds and piggybacks to the message a NAS PDU to be transparently sent via the eNB to the UE. The NAS PDU includes the uplink TFT.

2c. The eNB sends to the terminal the SAE Radio Bearer Establishment message including the NAS PDU which indicates the uplink TFT for this dedicated SAE bearer.

3a, b, c. The Bearer Establishment Requests  are acknowledged.
 

4. FTP packets are now sent on a dedicated SAE bearer.

3.3 Aggregation of non-GBR Service to an Existing SAE Bearer

Aggregation principles shall be defined according to operator policy and shall be supported in the SAE bearer model. The procedure for aggregating a peer-to-peer filesharing service to an existing SAE bearer is illustrated in Figure 4. Note that no modification of the SAE bearer is needed in this case. 
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Figure 4: The aggregation of a PTP filesharing service to an existing SAE bearer 

1. 
The user initiates peer-to-peer filesharing on the default bearer. 

2a. The UPE detects that peer-to-peer filesharing has been initiated and applies a pre-configured rule. It detects that there is an existing a low priority dedicated bearer which matches the QoS profile required for this service. It sends the corresponding UL TFT to the MME.  The MME builds a NAS PDU including the uplink TFT and inserts this message to the Direct Transfer message. The Direct Transfer includes the SAE Bearer Id of the Bearer, which will receive a further aggregation. 
Note: In this case, the QoS of the bearer does not need to be modified, because no guaranteed bitrates are allocated.

2b. The eNB sends to the terminal the Direct Transfer message including the NAS PDU and the logical channel identifier of the dedicated SAE radio bearer, which is mapped to the dedicated SAE bearer.

3. Peer-to-peer filesharing is now aggregated to the existing dedicated SAE bearer.

3.4
Discussion on Pre-configured SAE Bearers

The concept of pre-configured SAE bearers in order to minimise signalling and/or to minimise bearer establishment delays has been discussed in relation to the SAE bearer model. 
In order to evaluate the benefits or pre-configuration, two cases can be considered:

(1) What are the benefits of pre-establishing an SAE bearer at initial access without assigning UL TFT(s) in advance.

(2) What are the benefits of pre-establishing an SAE bearer at initial access with UL TFT(s) assigned in advance.

The following observations can be made by looking at the examples in Figures 2, 3 and 4

For case (1), the benefit of pre-establishing an SAE bearer would be that instead of applying a bearer establishment procedure, as illustrated in Figures 2 and 3, only UL TFT assignment signalling would be needed as illustrated in Figure 4. Even if this direct transfer signalling is simpler than the the bearer establishment signalling, there is no significant difference as far as C-plane delays are concerned. Each case is handled with one transaction. Furthermore, the straight UL TFT assignment is only applicable to non-GBR services, because GBR services will require an admission control signalling round towards the eNB, which results in a signalling transaction in the same order as the bearer establishment sequence.
For case (2), the benefit of pre-establishing a bearer with pre-configured UL TFT(s) would be that no signalling is needed for the non-GBR services matching the pre-assigned TFTs. This offers a clear advantage. However, many of the uplink packet filters (specifically the ones relating to IMS services) may not be available in advance. And here too, for GBR services, an admission control signalling round would again be required, resulting in a signalling transaction in the same order as the bearer establishment sequence.
The general bearer establishment signalling sequence illustrated in Figure 1 could easily be used to pre-configure SAE bearers. However, the benefits of pre-configuring SAE bearers are not completely evident especially when taking into account that pre-configured bearers need to be maintained in the UE and in the network elements even if they are not used at all. 
4
Conclusion
The SAE/LTE bearer model is substantially different from the 2G/3G model mainly because has shifted the control of QoS to the the network to the maximum extent. Bearer establishment signaling has been accelerated by removing signaling hierarcy and U-plane delays have been decreased by allowing early transmission of data on the default bearer whilst dedicated bearer establishment is pending. The support for multiple SAE bearers shall be a mandatory and tested requirement for all terminals and network elements from the first implementations on. 

It is advised to carefully evaluate the pre-configuration use cases before concluding to which extent the pre-configuration of bearers (with or without UL TFT pre assignment) should be assumed in the SAE/LTE bearer model.
5 
Proposal
It is proposed to include the SAE Bearer Establishment Procedure presented in section 3 to the TR 23.882 [1].
6
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