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1 Introduction

An individual Radio Bearer is the radio part associated to a SAE Bearer, that carries user data according to a negotiated QoS profile.
How quickly a Radio Bearer can be setup is of essential importance so as to meet user expectancies in term of delay to start/access a service that needs data transmission with the negotiated QoS.

We would like to consider possible dependencies of the Radio Bearer management procedures with this issue.

2 Radio bearer definition

2.1 Scope

The following definition of a radio bearer can be found in the layer 2 structure description in TR 25.912
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The Radio Bearer spans between UE and E-Node B, and the protocol entities that need to be set up for a Radio Bearer to be established are:

- RLC (segmentation and ARQ)

- MAC (multiplexing, HARQ control)

- L1 (transport formats, physical channel parameters)

We assume that PDCP is established outside of the scope of radio bearer management procedures, at the same time as QoS negotiation, and is kept as long as the UE does not go to LTE_DETACHED or to another RAT without the possibility of signalling-free transition back to LTE_IDLE.
2.2 Configuration information

To configure the protocol entities required for the radio bearer, we see the following parameters to be required:

· Radio Bearer ID

· for DL

· Radio Bearer/Logical channel information:

· RLC configuration (ARQ)

· static MAC configuration (HARQ)

· DL-SCH static configuration (L1, transport format)

· DL scheduling channel(s) configuration

· UE short ID

· position of fixed scheduling blocks

· format of scheduling commands

· in UL

· Radio Bearer/Logical channel information:

· RLC configuration (ARQ)

· static MAC configuration (priority, HARQ)

· UL-SCH static configuration (L1, transport format)

· UL scheduling channel(s) configuration

· position of fixed scheduling blocks

· format of scheduling commands

· UE short ID

The exact contents of the parameter will depend on the choices for ARQ/segmentation, HARQ, channel mapping, scheduling policy, etc, but as a principle, there will be a set of static parameter given by RRC for a radio bearer, and there will be some delay before the radio bearer can actually be used.

3 Setup scenario
In LTE_IDLE, there will clearly be no radio bearer configured, so if a service is active with a non-default QoS, it will be necessary to establish an associated radio bearers at the same time the UE changes to LTE_ACTIVE.

We consider this type of scenario in the rest of this section.
3.1 Base description
C-plane establishement with radio bearer setup is illustrated as follows in TR 23.882 (7.14):
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In order to refine this view, the figure from 25.912 in 13.2 specifically describes C-plane establishment only:
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As can be seen from this figure, the RRC connection establishment not only involves the eNB, but also the MME, and assuming that radio bearers for active services are setup during steps 12 and 15, U-plane data can only be transmitted after the completion of the procedure.

3.2 U-plane Delay

In this section, we examine when and how the radio bearer setup procedures can be performed, according to schemes previously seen in RAN2.
3.2.1 Early user data packet transmission
A possible improvement for U-plane setup delay was already described in [1] that allow the early sending of U-plane data at step 5, using default QoS, as illustrated below (red part is added for discussion):
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Because user data are transmitted in steps 3 and 7, we can assume the this is using the default IP access service, with default QoS, and so that:

· the uplink part of a matching radio bearer is in fact established in steps 1 to 3

· the downlink part is established at step 7
· the radio bearer ID and mapping is to be transmitted after step 9

· in the case when the configured radio bearer does not match the QoS profile received, there may be additional reconfiguration necessary after step 9

So we see the following consequence that can affect the design of Radio Bearer Management procedures:

· radio resources for radio bearer supporting default QoS happens are set up during the initial access procedure

· the delay of reconfiguration of these resources for radio bearers supporting non default QoS affects U-plane setup delay
3.2.2 Early configuration of lower level resources

In UMTS, an option that was agreed to improve connection delay is to set up at RRC connection establishement lower level resources (PhyCH/TrCH) that can already match the QoS requirement of the radio bearer to be established later on (7.5.3 of TR 25.815).

When the UE initiates an RRC connection for a CS call, the RNC can allocate a configuration that both allow signalling and CS call, thought the UE is not authentified and the actual radio bearer will be setup later on after further signalling with the core network.
We believe that the same principle could be applied to LTE:

· in step 3, UE provides indication on service/radio bearer profile
· in parallel with 4, the eNodeB starts configuring resources matching the reason for the Radio Resource Request in step 3, while not waiting for a response from the UPE
· if authentication fails in step 5, the UPE will notify eNodeB, which then tears down the RRC connection

· if QoS profile received by eNodeB in step 9 can not be provided using the radio bearer that was established, reconfiguration is necessary
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As an advantage over the previous scheme:

· it is possible to immediately initiate the setup of a radio bearer that can provide a non-default QoS, so there should be no need to reconfigure radio resources
· in situations when there is no initial DNS request (i.e. the destination host IP address was buffered in the local IP stack), the reaction to user request can be enhanced (for instance, several RTSP requests for synnchronised real-time flows) 

The indication provided from the UE in step 3 can be for instance:

· a standardised value, that indicates the service (similar to CS call type IE in Rel-6)

· an non-standardised value, provided earlier on by the E-UTRAN

This value indicates a radio bearer profile that is used for a certain QoS profile by eNodeBs within a certain area (PLMN orTracking Area), and is updated by the E-UTRAN as the UE moves.

There is essentially no disctinction between this value and the UPE identity sent in step 3, both can be updated simultaneously by the network, and they are provided and interpreted by eNodeBs only.
4 Conclusion

We have analysed possible U-plane setup schemes and shown that they have some dependencies with the radio bearer management procedures:

· lower level resource establishement is required in parallel with RRC connection establishement

· radio resource reconfiguration for non-default QoS can affect user experience of delay if a valid radio profile indication is not available in the UE
We propose to take these conclusions into account when designing radio procedures.
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