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1.
Introduction

In the work so far on QoS for LTE/SAE it has been agreed that there is a one to one mapping between SAE Radio Bearer and SAE bearer. However, there have not been discussions so far on whether the Radio Bearer for an SAE bearer is always configured, or is it only configured when required.

This paper provides an overview of how the SAE bearers are established, and provides a recommendation for the relationship between SAE bearer and SAE radio bearer.
2.
Network attachment
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Figure 1 signalling flow illustrating the procedure for Network Attachment 

Figure 1, taken from TS 23.401 sub-clause 5.3.2, provides an illustration of the procedure for a UE to perform network attachment, which includes the establishment of the default SAE bearer(s). The important parts of this signalling flow for RAN QoS procedures are the following steps:

17)
The MME sends an Attach Accept (S-TMSI, PDN address, TA List) message to the eNodeB. S-TMSI is included if the MME allocates a new S-TMSI. This message is contained in an S1_MME control message Initial Context Setup Request. This S1 control message also includes the security context for the UE and QoS information needed to set up the radio bearer, as well as the TEID at the Serving GW used for user plane and the address of the Serving GW for user plane. The PDN address assigned to the UE is included in this message.
18)
The eNodeB sends Radio Bearer Establishment Request to the UE and the Attach Accept Message (S-TMSI, PDN address, TA List) will be sent along to the UE.
19)
The UE sends the Radio Bearer Establishment Response (FFS) to the eNodeB. In this message, the Attach Complete Message will be included.

20)
The eNodeB will forward the Attach Complete message to the MME. On the S1_MME reference point, this message is contained in an S1_MME control message Initial Context Setup Complete. This S1 control message also includes the TEID of the eNodeB and the address of the eNodeB used for downlink traffic on the S1_U reference point. 

At the completion of this procedure the UE and the eNB have both the necessary QoS context information to allow data to be transferred in association with a Default SAE bearer. However, it seems that SA2 have now agreed a working assumption that the RAN establishes Radio Bearers simultaneously to the establishment of the SAE bearer and SAE S1 bearer, but the decision was really based upon linking the establishment of SAE bearer and SAE S1 bearer simultaneously. 

3.
Establishment of additional SAE bearers
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Figure 2 Establishment of additional SAE bearers

Each time the network requires the establishment of an additional QoS flow for a UE it triggers the following procedure:

1. The SAE-GW is triggered by a resource request which contains Policy/QoS Information corresponding to the requested service.
2. The MME is triggered by a resource request which contains Policy/QoS Information corresponding to the requested service. The SAE-GW appends: the Transport layer address of the End Point at the SAE-GW for this SAE bearer, QoS Label, and the SAE Bearer S1 ID to be used for this SAE Bearer.
3. The MME signals the QoS requirements of the SAE Bearer to the eNB in the Resource Assignment Request message. The eNB is provided with the QoS Profile, the QoS Label, the SAE Bearer S1 ID, the SAE Bearer ID, and Transport layer address of the End Point at the SAE-GW for this SAE bearer. Depending on the QoS requirements of the SAE bearer, the eNB may perform CAC for resources required by the SAE bearer. If the QoS requirements of the SAE Bearer are acceptable to the eNB, then the NAS container to establish the SAE Bearer received from the MME, is passed to UE in the SAE Bearer Activation message. This message passes the relevant QoS Information to the UE, including the SAE Bearer ID associated with the Bearer.

4. The UE accepts the activation of the SAE Bearer with the SAE Bearer Activation Accept message, which includes NAS information which is tunnelled via the eNB.
5. The MME acknowledges at the SAE Bearer associated to the resource request has been established.

6. The SAE-GW acknowledges at the SAE Bearer associated to the resource request has been established.

7. Currently it seems to be assumed by SA2 that the SAE Radio Bearer is always established when the SAE bearer is established, and therefore is part of Step 3 and 4, however this needs to be discussed by RAN2.
4.
Independent establishment of SAE Radio Bearers

4.1
Proposal
When the UE is in LTE_IDLE, the UE does not have any Radio Bearers configured, but the UE will have at least the Default SAE bearer(s) configured. It has been proposed by some operators that the number of default SAE bearers established during the attach procedure could become large, as an SAE bearer would be established to provide SAE bearer differentiation on service basis.
When the UE moves from LTE_IDLE to LTE_ACTIVE because user data needs to be transferred, the eNodeB would be provided with the UE context which would include the complete list of established SAE Bearers.  The SAE S1 Bearers are established when the SAE bearer is established. The eNodeB would then only establish the radio bearers for SAE bearers which have data to be sent, as there could be a large number of SAE bearers established for the UE which only very infrequently have data to be sent.
The separation of the establishment of SAE bearer and SAE radio bearer is suggested due to the following reasons:

· If there is a large number of default SAE bearers established there may be unnecessary RLC overhead.

· The granularity of the buffer status reporting may be impacted, either by having to report on groups of Radio Bearers (many of which have no data); or from only having limited granularity for a larger number of reports (of RBs with no data). 

· To allow a larger number of SAE bearers to be configured in the UE, than the number of simultaneous Radio Bearers that the UE supports.
4.2
Downlink data
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Figure 3 Establishment of downlink SAE Radio Bearers
1. When a downlink data packet is received at the SAE-GW for a UE in LTE_ACTIVE, the SAE-GW analyses the packet to ascertain to which SAE bearer this packet belongs.

2. The downlink packet is passed to the eNodeB by the SAE-GW, and the packet is marked with the identity of the SAE Bearer.

3. When downlink data, for a UE in LTE_ACTIVE state, arrives at the eNB for a SAE Bearer which currently does not have a Radio Bearer established, the eNB establishes an associated radio bearer. The eNB establishes the radio bearer by signalling to the UE using the RR Assignment message, and indicating the SAE Bearer ID of the SAE bearer. 

The eNodeB provides some Access Stratum QoS information related to the Radio Bearer to the UE in the RR Assignment message, e.g. the absolute priority of the RB, and the Prioritised Bit Rate for the RB. 

4. The UE acknowledges the RR Assignment message, and the establishment of an additional RB.

5. The eNodeB passes the Downlink User Data packet to the UE on the established RB.

4.3
Uplink data
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Figure 4 Establishment of uplink SAE Radio Bearers
1. When the upper layers of the UE submits an IP packet to the AS layers of the UE, the UE analyses the packet to ascertain to which SAE bearer this packet belongs. If the UE does not have a RB active for this SAE bearer, the UE sends an RR Request message to the eNB indicating that the UE has data to send for a specific SAE Bearer. If the UE is in LTE_IDLE state, the Service Request is included in the message. The UE identifies the SAE bearer using the SAE Bearer ID.

2. The eNB sends the RR Assignment message to the UE establishing a RB for this SAE Bearer, and includes Service Accept message if the UE was in LTE_IDLE. The eNB signals some AS QoS information to the UE, e.g. the absolute priority of the RB, and the Prioritised Bit Rate. 

3. The UE grants resource to the UE in the uplink, using a UE specific identity, and the UE sends the packets in the uplink. The UE follows the scheduling rules provided by the eNodeB, e.g. the absolute priority of the RB, and the Prioritised Bit Rate, to schedule the correct RB in the uplink. When appropriate the UE sends the Uplink User Data associated with the newly established RB.

4. The eNB sends the Uplink User Data packet to the SAE GW on the correct connection, and the packet is marked with the SAE Bearer ID.

5. The SAE-GW verifies that this packet had been transmitted on the correct SAE Bearer, before transmitting the packet to the next hop router.

5.
Summary
This paper has provided an overview of the interaction between SAE bearers and SAE radio bearers. The document proposes that the relationship between the establishment of the SAE Bearer and the SAE Radio Bearer is discussed. It is requested that this proposal be discussed by RAN2. 
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