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RRC Radio Bearer Control Functions for GERAN

Introduction

This contribution proposes to adopt the UTRAN control plane protocol stack for GERAN R2000. The focus is on the Radio Resource Control (RRC) functions to support the proposed GERAN design as described in a companion contribution [1]. In particular, Radio Bearer (RB) control functions for control and user plane are discussed. 

It is further proposed in this contribution to move the Temporary Block Flow (TBF) establishment procedures to RRC layer, currently a MAC function in (E)GPRS specification (see [2]), and to introduce the mapping of  RB ID to TFI when a TBF is established to support a RB. 

RRC Interface to Lower Layers

Figure 1 shows the RRC interfaces with Lower Layers. The RRC has connections to L1, MAC, RLC, as well as PDCP to provide local inter-layer control services. These interfaces allow the RRC to control the configuration of the lower layers. For this purpose separate Control SAPs are defined between RRC and each lower layers (PDCP, RLC, MAC and L1).
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Figure 1. RRC interface to lower layers.

RRC RB Control Functions

The Radio Resource Control (RRC) layer manages radio resources allocation for user data and control plane signaling between mobile stations (MS) and GERAN. The RRC RB control functions include:

· Establishment, re-establishment, and release of system broadcast and common control RBs. 

· Establishment, re-establishment, and release of signaling RBs (e.g. RB0) between a MS and GERAN. 

· Establishment, re-configuration, and release of RBs in the user plane. 

· Establishment, re-configuration, and release of Associated Control RBs, e.g. PACCH and/or SACCH.  
· Assignment, re-configuration, and release of radio resources and/or establishment and release of Temporary Block Flow to support RBs. 

1.1 RB Establishment and RB ID to TFI Mapping

The establishment of a RB for both signaling and user data consists of two parts,

1) RB Configuration. The RRC creates one or more RLC instances at MS and at the network and associates the peer-to-peer RLC instances with the common RB ID. The RB ID identifies the RLC Service Access Point (SAP) for providing services to the higher layer. 

2) Radio Resource Allocation.  The RRC allocates radio resources to a RB.  

The radio resources are allocated differently depending on the RB’s MAC mode of operation.

Established RBs using shared MAC. For a RB using shared MAC, the RRC dynamically establishes a Temporary Block Flow (TBF) for the RB when there is data to send. Once a TBF is established, the RRC maps the RB ID to the Temporary Block Identity (TFI). The TBF is released when the data transfer ends and RRC sets the RB ID mapping to null. However, the RB remains established, e.g. the RLC instances are not released, until the RB is released upon request from higher layer (e.g. triggered by RAB Release Procedure for user plane RBs).  

At any given time, an established RB may have maximum one TBF established for it and there is one-to-one mapping between RB ID to TFI. This mapping is managed by the RRC and is known in RLC and MAC layer. This scheme allows the re-use of currently defined RLC/MAC block structure without mandating new channel coding.  It supports the multiplexing of data flows of different QoS since the TFI is extended to identify the RB. 

RBs using dedicated MAC. For a RB requesting for dedicated MAC, the RRC allocates the radio resource at the time the RB is established. There is no need to establish a TBF for the RB, since the radio resources are dedicated to the MS that owns the RB, for the lifetime of the RB. 

Multiple RBs supported by the MS can be multiplexed onto the same dedicated radio resource (e.g. scenario2 multiplexing) by re-mapping RBs (established using shared MAC) to the assigned dedicated radio resources. The RRC handles the re-configuration of RBs to the dedicated resource and re-maps the RB ID to the TFIs. The dedicated MAC handles the scheduling/multiplexing of the data flows to be transmitted over the allocated radio resources.

1.2 RB State

An established RB may be in one of the two sub-states depending upon if the RB has radio resources assigned to it:

· Transfer state.  A RB in transfer state has radio resources allocated and it is ready to transfer data. For instance, a RB using shared MAC has TBF established when the RB is in transfer state.

· Idle state. A RB in idle state has RLC instances configured at peer RLC entities, but has no TBF assigned (i.e. no radio resources). When there is data to send, the RRC establishes a TBF to support the RB. 

Figure 2 shows the RB state transition diagram.
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Figure 2. RB state transition diagram.

1.3 MS Identification on the Radio Interface (G-RNTI)

Analogous to UTRAN, we propose to introduce a GERAN Radio Network Temporary Identity (G-RNTI) to be used over the radio interface, replacing TLLI defined for (E)GPRS.

G-RNTI is allocated by the GERAN after the first signaling RB (i.e. RB0) between MS and GERAN is established. It identifies the MS within GERAN and is used the same way TLLI is currently used over the radio interface in (E)GPRS. 

RRC RB Control Procedures

1.4 Default Broadcast and Common Control RBs

Upon system start up, the RRC establishes a set of default signaling and common control radio bearers. This set of default signaling RBs include: (P)BCCH, FACCH, SCH, NCH, PCH, RACH, AGCH, PRACH, PPCH, PAGCH, PNCH. These radio bearers can only be in “transfer state” once established.

The default broadcast and common control RBs are for Access Stratum signaling and control messages, including system broadcast information.

1.5 Signaling RB0

The establishment of the signaling RB0 is initiated by the MS to establish the first signaling connection between the MS and GERAN when MS first powers on, or re-selects into a cell where no signaling connection exist between the MS and GERAN. (This is analogous to the RRC Connection between a UE and UTRAN in UMTS.) 

Once established, RB0 is in “idle state”. When requested from higher layer to send data, the RRC establishes a TBF and binds the RB ID to the TFI. RB0 then transitions into “transfer state”.

Non-access stratum control messages are transmitted using RB0.

UTRAN RRC CONNECTION control procedures may be used for RB0 establishment and release. (E)GPRS TBF Establishment procedures can be used for the RRC to dynamically setup and to release TBF for RB0. Re-configuration of RB0 to a dedicated resource (e.g. when an optimized speech RB is established) may be handled by the RRC using UTRAN Radio Bearer Control procedures.

In UTRAN, there are multiple signaling RBs established between an UE and UTRAN. The procedures defined herein and in 4.3 do not preclude the option to establish more signaling RBs that require different RLC modes for RRC generated messages and/or NAS signaling messages.

1.6 User Plane RBs

The RRC, on request from higher layer, performs the establishment, reconfiguration and release of radio bearers in the user plane. GERAN initiates RB setup procedure for a Radio Access Bearer (RAB) established following PDP context activation.  At the establishment and reconfiguration, the RRC layer selects RB parameters and creates L2 (PDCP/RLC/MAC) and L1 (PHY) instances with specified modes of operation for each layer, based on the RAB/PDP attributes.

RBs with dedicated MAC can only in “transfer state” once they are established.

UTRAN Radio Bearer Control procedures may be used for the user plane RB control functions with necessary modifications. (E)GPRS TBF Establishment procedures can be used for the RRC to dynamically setup and to release TBF for RBs that uses shared MAC. Re-configuration of RBs to a dedicated resource (e.g. when an optimized speech RB is established) may be handled by the RRC using UTRAN Radio Bearer Control procedures.

1.7 Associated Control RB

Associated Control RBs, e.g. PACCH for RB on PDTCH and SACCH for RB on TCH, are established by RRC only when the resources exist for the RBs they are associated with. Only one PACCH in each direction is required. When there are more than one RBs in transfer state, e.g. in scenario 2 multiplexing, the RRC decides for which RB the PACCH is associated with.

Associated control RBs are used to transmit Access Stratum messages. 

Summary

This document described RRC radio bearer control functions. In particular, it is proposed 1) to move the TBF establishment procedures to the RRC, since RRC is the logical entity to coordinate and assign resources to support RBs, and 2) to map TFI to a RB ID once a TBF is established for the RB.  This simple approach allows the multiplexing of multiple traffic flows of different QoS attributes using dedicated and/or shared modes of MAC, yet without mandating the change of existing EGPRS channel coding schemes.  
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Appendix A. Sample Procedures for RB0 Establishment 

A. Signaling RB (RB0) Establishment Phase 1: Configure RB0

Figure 3 shows an example of RB0 establishment at phase 1 (Configure RB0), in which acknowledged mode of RLC (AM-RLC) instances (for up-link and downlink) are created at MS and GERAN RLC separately. The initial RB0 state is Idle, since no TBF (no radio resource) is established for the RB0.  

In this example, UMTS RRC Control procedures are used. G-RNTI is allocated once RB0 is established.
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Figure 3. Configure RB0 when MS powers up.

B. Signaling RB (RB0) Establishment Phase 2: TBF Establishment

Figure 2 shows an example of MS initiated TBF Establishment for RB0. The TBF establishment procedure is triggered by a L3 message sent to RRC. When the TBF is established, RB ID is mapped to the TFI, and RB0 transition into Transfer state.
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Figure 4. MS initiated TBF establishment for RB0.
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