Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #52
R2-060833
Athens, Greece
27 - 31 March 2006
Agenda item:

6.5
Source:
Nokia
Title:
SAE Bearer Operation
Document for:

Discussion and Decision
1
Introduction

During the joint RAN2, RAN3 and SA2 meeting in Denver, a bearer service model was agreed [2] and included in TR 23.882 [1]. This contribution first summarizes the agreement and then explains the bearer operation as it is envisioned for E-UTRAN.  

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 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.
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 services the eNB and the aGW needs to be aware of the QoS description of an SAE bearer. 

3
SAE Bearer Types

In [3] there are strict requirements for connection setup latencies. In order to meet these requirements, we propose to introduce two different improvements: one default SAE bearer e.g. for “best effort traffic” and enhancements of the handling of the SAE bearer to allow the delivery of data as soon as possible 1) by allowing early transmission with some preconfigured QoS while the signalling for tailoring the bearer to the required QoS is ongoing, and 2) by the use of preconfigurations of the bearers. These were already proposed in [6], where the procedures for setting up the default SAE bearer and an enhanced SAE bearer handling were discussed. This contribution is an update of the proposal taking into account the agreements summarized in section 2 above.
3.1
Default SAE Bearer

The default SAE bearer is an “always on” SAE bearer that can be used immediately after LTE_IDLE to LTE_ACTIVE state transition. For the default SAE bearer, several service data flows can be multiplexed. The parameters for the default SAE bearer are preserved by the UE in LTE_IDLE state. In the network, the eNB parameters are kept in the UE_context that is fetched from the aGW during CELL_ASSOCIATION procedure (see Figure 2 below). At that time, also the tunnel from eNB to aGW is created (SAE Access Bearer). A default logical channel id is used for delivering data within the default SAE bearer
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Figure 2: LTE_IDLE to LTE_ACTIVE state transition
In the initial access procedure the UE is allocated a temporary identity UE_TID, which is preserved when the UE moves back to LTE_IDLE. Thus, the UE just needs to receive a C-RNTI, which can be used by the eNB to allocate resources for the UE. And because the security association has already been established in the initial access there is no need to re-perform authentication procedure. 

Header compression is likely not used with default SAE bearer, where several independent IP flows are multiplexed. If for some reason header compression should be used, the state of the protocol can be preserved even in LTE_IDLE mode as header compression is terminated in aGW. This applies also to ciphering. 

Regarding acknowledged transfer at the MAC layer, it is assumed that the retransmissions are completed before the UE is moved back to LTE_IDLE. The sequence numbering can be initiated after every LTE_IDLE to LTE_ACTIVE transition or single high layer SN can be utilized (FFS).
In Cell Association Request, the UE can indicate that it needs to establish UL connection. According to this information, the NW may allocate UL resource for the UE after completion of the CELL ASSOCIATION procedure.  In the allocated slot, the UE may then send data using a default LCID. Alternatively, a separate resource request signalling may be used. 

3.2

Dedicated SAE Bearer

Unlike the Default SAE Bearer, the Dedicated SAE Bearers are aimed at supporting identified services in a dedicated manner, typically to provide a guaranteed bit rate. There are two cases to consider for such bearers:

-
Preconfiguration not available: the service was identified but signalling from the aGW is still required to setup the QoS profile;
-
Preconfiguration available: the service was identified by the operator and the UE has all the information it requires to start transmitting/receiving data on such bearers without the need for QoS assignment from the aGW. For instance the UE can receive the TFT, QoS parameters and LCID at initial access.

3.2.1
Preconfiguration not available

In [3] there is a requirement for transition from “Dormant” state to “Active” state presented as a 50ms (excluding possible DRX period). To achieve this when a better QoS profile than the default one is required, we propose to enhance the radio bearer concept to allow 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 only for certain services, if necessary. This is discussed separately for downlink and uplink.
3.2.1.1
Example operation in downlink

Details of the LTE QoS signalling are still open. Thus the procedure shown in Figure 3 is only an illustrative example, how the SAE bearer handling enhancement could be used: 

1
The aGW informs the eNB of the dedicated Context Id and L3 QoS profile for the downlink flow, creating the SAE Access Bearer part of the SAE bearer. 

2a
Downlink data transmission can begin simultaneously with the dedicated Context Id. 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 air 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 dedicated Context Id to a registered LCID. Then the eNB signals to the UE the L2 QoS for this LCID to tailor the SAE Radio Bearer to support the required QoS. 

4
The UE acknowledges the SAE Radio Bearer creation. 


With this signalling procedure, the LCID status will change from unregistered to registered. LCID and the buffer used for the packets 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 with a dedicated Context Id and registered LCID and customised L2 QoS parameters.
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Figure 3: Downlink SAE Bearer Setup
NOTE: 
Detailed signalling between eNB and aGW is only an example and subject to further study.

3.2.1.2
Operation in uplink

Details of the LTE QoS signalling are still open. Thus the procedure shown in Figure 4 is only an illustrative example, how the SAE bearer enhancement could be used. 

1a, 1b
A new uplink data flow is initially mapped to an unregistered LCID + default L2 QoS. The UE has received advance information (flow filters) on the flows which need to use a dedicated bearer. The BS will map the unregistered LCID to a dedicated context on the BS to aGW interface. This phase can be considered as an implicit setup of an SAE Radio Bearer via an unregistered LCID with a default L2 QoS.
2
The aGW informs the eNB of the flow filter and its mapping to a dedicated uplink Context Id. It also informs the eNB of the L3 QoS profile for the uplink flow, creating the SAE Access Bearer part of the SAE bearer.

3
The eNB maps the L3 QoS profile to L2 QoS parameters. Then the eNB signals to the UE the L2 QoS and the related flow filter for the LCID, to tailor the SAE Radio Bearer that was created in step 1a to support the required QoS.

4
The UE acknowledges the SAE Radio Bearer setup. With this signalling procedure, the LCID status changes from unregistered to registered.  LCID and the buffer used for the packets 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 with registered LCID and customised L2 QoS and dedicated Context Id. The eNB may apply DSCP marking based on the L3 QoS profile.
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Figure 4: Uplink SAE Bearer Setup

NOTE: 
Detailed signalling between eNB and aGW is only an example and subject to further study.

3.2.2
Preconfiguration Available
In order to meet the requirements given in [3] for transition from “Dormant” state to “Active” state, it is desirable to identify in advance the services to be supported in a dedicated manner and provide the UE with the necessary information to minimise the “call-setup” delay i.e. provide all information required to start receiving/transmitting on dedicated bearers: LCID, QoS parameters and TFT for example.

In terms of handling, it would be very similar to the Default SAE Bearer, with the notable exception that the Dedicated Bearer would provide a guaranteed bit rate for one dedicated service.

The Preconfigured Dedicated Bearers would be some “always on” SAE bearers that can be used immediately after LTE_IDLE to LTE_ACTIVE state transition. The parameters for such bearers are preserved by the UE in LTE_IDLE state. In the network, the eNB parameters are kept in the UE_context that is fetched from the aGW during CELL_ASSOCIATION procedure. At the same time, also a dedicated tunnel from eNB to aGW would be created (SAE Access Bearer). Known logical channel ids would be used for delivering data within the Preconfigured Dedicated SAE bearer. 

3.2.3
U-plane Operation during pending setup signalling

Looking at the more specific operation of the layers during the time when the SAE bearer setup signalling is pending:

-
Header compression: as a straightforward solution, no compression is done while bearer setup is pending and header compression is only initiated after setup is complete. It may also be possible to design a header compression protocol that requires no initial parameter negotiation before initiating data transmission.

-
Ciphering: the configuration of initial HFN is FFS. It can for instance be configured in advance or determined both in UE and in eNB without explicit signalling.

-
ARQ: if acknowledged mode transfer is needed, the algorithm that is used while the setup procedure is pending is a polling-type retransmission scheme controlled by the transmitter, which polls the receiver to send a STATUS REPORT by setting a flag in MAC header. Setting of the flag is determined by poll triggers. With several poll triggers and their combination one can ensure a timely request for the transmission of a STATUS REPORT. 

If necessary, ARQ can be reconfigured and a different (more advanced) ARQ scheme can be used once setup procedure is complete.
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Figure 5: Simplified example of ARQ operation during incomplete setup
4
Conclusions

In this contribution we discuss two possible enhancements to the SAE bearer concept: default SAE bearer and a possibility to transmit data with some default QoS parameters already while the bearer setup procedure is pending. As a result, we propose two kinds of SAE Bearers:

Default SAE Bearer:

-
The default bearer carries multiple service data flows;
-
The QoS profile is assigned during initial access;
-
The QoS profile may vary per user;
-
For uplink handling, this bearer carries all flows which have not been signalled a flow filter in advance;
-
This bearer does not typically offer guaranteed bit rates;

-
One default LCID is associated to the Default SAE Bearer.

Dedicated SAE Bearer:
-
The dedicated bearer carries one service data flow;
-
Guaranteed bit rates can be provided;
-
For uplink handling, the TFT is signalled to the UE during initial access.

-
A Dedicated Bearer can be preconfigured:

-
The QoS profile is assigned during initial access;

-
A preconfigured LCID is associated to the Dedicated Bearer;

-
Immediate transmission of user data on the air interface is supported;
-
When the Dedicated Bearer is not preconfigured:

-
The QoS profile is authorised from the aGW during flow initiation;
-
Immediate transmission of user data on the air interface can be supported; 
-
Default QoS can be applied until dynamic QoS has been signalled.
It is proposed to agree on the above and capture it in the RAN2 TR [4].
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