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1 Introduction

This contribution discusses the relationship between GERAN UE RRC modes and RRC states and the implications that this relationship has on the mapping of Signaling Radio Bearers (SRBs) and Radio Bearers (RBs) identities onto Temporary Block Flows (TBFs).  The contribution is also intended to open up a dialogue regarding the GERAN control plane.

2 List of Acronyms

3GPP


3rd Generation Partnership Program

AAL5


ATM Adaptation Layer type 5

ATM


Asynchronous Transfer Mode

BN



Bit Number

BSC


Base Station Controller

BSS


Base Station System

BSSGP

Base Station System GPRS Protocol

BTS


Base Transceiver Station

DTM


Dual Transfer Mode

EDGE


Enhanced Data Rates for Global Evolution

EGPRS

Enhanced General Packet Radio Service

FFS


For Further Study

GCRI


GERAN Contention Resolution Identity

GERAN

GSM/EDGE Radio Access Network

GGSN


Gateway GPRS Support Node

GMM


GPRS Mobility Management

GPRS


General Packet Radio Service

G-RNTI

GERAN-RNTI

GSM


Global System for Mobile Communications

GTP


GPRS Tunneling Protocol

IE



Information Element

IMSI


International Mobile Subscriber Identity

IP



Internet Protocol

LLC


Logical Link Control

MAC


Medium Access Control

MM


Mobility Management

MS


Mobile Station

NAS


Non-Access Stratum

PDCH


Packet Data Channel

PDCP


Packet Data Convergence Protocol

PDP


Packet Data Protocol

PDU


Protocol Data Unit

PS



Packet Switched

PTMSI

Packet-Temporary Mobile Subscriber Identity

RAB


Radio Access Bearer

RANAP

Radio Access Network Application Protocol

RB



Radio Bearer

RLC


Radio Link Control

RNTI


Radio Network Temporary Identifier

RR



Radio Resource

RRC


Radio Resource Control

RT



Real-Time

SCCP


Signaling Connection Control Part

SGSN


Serving GPRS Support Node

SM


Session Management

SMS


Short Message Service

SNDCP

SubNetwork Dependent Convergence Protocol

SRB


Signaling Radio Bearer

TBF


Temporary Block Flow

TFI


Temporary Flow Identifier

TLLI


Temporary Logical Link Identifier

TS



Training Sequence

UDP


User Datagram Protocol

UE



User Equipment

UMTS


Universal Mobile Telecommunications Services

U-RNTI

UTRAN-RNTI

UTRAN

UMTS Terrestrial Radio Access Network

3 GPRS/EGPRS and GERAN Mobility Management States and Radio Resource Modes

3.1 GPRS/EGPRS Release 1999

GPRS/EGPRS Release 1999 is, in a sense, a connectionless service (i.e., a permanent MS-to-BSS/network Radio Resource (RR) connection is not required over the air interface in order to transfer data).  Uplink and downlink data transfer is done via a Temporary Block Flow (TBF) establishment.

A TBF is a physical connection used by two RR entities to support the unidirectional transfer of LLC PDUs on packet data physical channels.  The TBF is allocated radio resources on one or more PDCHs and comprises a number of RLC/MAC blocks carrying one or more LLC PDUs.  A TBF is temporary and is maintained only for the duration of the data transfer (i.e., until there are no more RLC/MAC blocks to be transmitted and, in RLC acknowledged mode, until all of the transmitted RLC/MAC blocks have been successfully acknowledged by the receiving entity).

Therefore, once a GPRS/EGPRS Release 1999 mobile station is GPRS attached and once a PDP context has been activated, uplink and downlink data transfer can occur without any need for a permanent MS-to-BSS/network RR connection.

Table 1 illustrates a correspondence between GPRS/EGPRS RR operating modes and GPRS/EGPRS MM states (non-DTM capable MS) [1].

RR BSS
Packet transfer mode
Measurement report reception
No state
No state
No state

RR MS
Packet transfer mode
Packet idle mode
Packet idle mode
No state

GMM (NSS and MS)
Ready state
Standby state
Idle state

Table 1. Correspondence between GPRS/EGPRS RR operating modes and GPRS/EGPRS MM states (non-DTM mode).

3.2 GERAN Release 2000

Since GERAN Release 2000 will reuse (as much as possible), the UTRAN user plane protocols (and most likely, the UTRAN control plane protocols, although this is FFS), GERAN Release 2000 mobile stations will require a permanent MS-to-BSS/network Radio Resource Control (RRC) connection before uplink and downlink data transfer can occur.  This will require a separate user plane protocol stack (above the RLC/MAC/PHY layer level) and most likely a separate control plane protocol stack (also above the RLC/MAC/PHY layer level).  The consequences of this are different messages, different protocol discriminators, different procedures, etc. (e.g., radio bearers (RBs) in additional to TBFs).  For GERAN Release 2000, this means that the RBs must be mapped to the TBFs.

Table 2 illustrates a correspondence between GERAN RRC operating modes and GERAN MM states.

RRC GERAN
Connected mode (Cell_DCH, Cell_FACH, Cell_PCH, GRA_PCH states)
Measurement report reception:

Connected mode (Cell_DCH, Cell_FACH states)
Idle mode
No state

RRC MS
Connected mode (Cell_DCH, Cell_FACH, Cell_PCH, GRA_PCH states)
Connected mode (Cell_DCH, Cell_FACH states)
Idle mode
No state

PMM ( CN and MS)
Connected state
Idle state
Detached state

Table 2. Correspondence between GERAN RRC operating modes and GERAN MM states.

As shown in Table 2, the two basic operational RRC modes of a GERAN UE are idle mode and connected mode.  The connected mode can be further divided into service states, which define what kind of physical channels a UE is using.  Figure 1 shows the main RRC service states in the connected mode.  It also shows the transitions between idle mode and connected mode and the possible transitions within the connected mode [2].
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Figure 1. GERAN UE RRC modes and RRC states in connected mode.

4 GPRS/EGPRS, UTRAN, and GERAN User and Control Planes

4.1 GPRS/EGPRS, UTRAN and GERAN User Planes

Figures 2 and 3 illustrate the GPRS/EGPRS and UTRAN user plane (MS-GGSN), respectively [3].  Figure 4 shows the user plane for GPRS/EGPRS and GERAN (MS-SGSN) that is included in the GERAN Stage 2 description [4].
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Figure 2. User plane for GPRS/EGPRS (MS-GGSN).
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Figure 3. User plane for UTRAN (MS-GGSN).
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Figure 4. User plane for GPRS/EGPRS and GERAN (MS-SGSN) [5].

4.2 GPRS/EGPRS, UTRAN, and GERAN Control Planes

Figures 5 and 6 illustrate the GPRS/EGPRS and UTRAN control plane (MS-SGSN), respectively [3].  The control plane for GPRS/EGPRS and GERAN (MS-SGSN) is not included in the GERAN Stage 2 description.  It is FFS [4].
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Figure 5. Control plane for GPRS/EGPRS (MS-SGSN).
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Figure 6. Control plane for UTRAN (MS-SGSN).

5 UTRAN and GERAN RRC Connection Establishment Procedure

The UTRAN and GERAN RRC connection establishment procedure is illustrated in Figure 7.
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Figure 7. UTRAN and GERAN RRC connection establishment procedure.

6 UTRAN and GERAN Signaling Radio Bearers

6.1 UTRAN Signaling Radio Bearers

For UTRAN, Signaling Radio Bearers (SRBs) are assigned to the UE during the RRC connection establishment procedure (via the RRC Connection Setup message).  The SRBs are identified by a RB identity as follows [2]:

Information Element/Group name
Need
Multi
Type and reference
Semantics description

RB identity
MP

Integer (0 … 31)
Values 0-4 shall only be used for signaling radio bearers

Table 3. RB identity.

For UTRAN, the RRC connection establishment procedure creates three (optionally four) Signaling Radio Bearers (SRBs) designated by the RB identities 0, 1, 2, and 3.  The SRBs can later be created, reconfigured, or even deleted with the normal RB control procedures.  The SRBs are used for RRC signaling according to the following rules:

1. RB 0 is used for all messages sent on the DCCH and RLC-UM.

2. RB 1 is used for all message sent on the DCCH and RLC-AM, except Direct Transfer messages.

3. RB 2 is used for Direct Transfer messages (using DCCH and RLC-AM), which carry higher layer signaling.  The reason for reserving a dedicated signaling radio bearer for the Direct Transfer messages is to enable prioritization of UE-UTRAN signaling over UE-CN signaling by using the RLC services (there is no need for extra RRC functionality).

4. RB 3 is optional and, if it exists, is also used for the Direct Transfer messages (using DCCH and RLC-AM).  With two SRBs carrying higher layer signaling, UTRAN can handle prioritization on signaling, RB 3 being used for "low priority" and RB 2 for "high priority" NAS signaling.  The priority level is indicated in RRC with the actual NAS message to be carried over the radio.  An example of low priority signaling might be SMS.

5. For RRC messages utilizing transparent mode RLC (e.g., Cell Update, RRC Connection Re-establishment Request), [2] says only that any RB number above 3 can be used.

GSMA ISG has created a typical parameters set document for layer 1 and 2 configurations preferred by operators to ensure interoperability [5].  For heuristic purposes, Table 4 illustrates transport channel parameters for uplink 1.7 kbps SRBs for logical channel DCCH [5].

Higher layer
RAB/signaling RB
SRB#0
SRB#1
SRB#2
SRB#3


User of Radio Bearer
RRC
RRC
NAS_DT
High prio
NAS_DT
Low prio

RLC
Logical channel type
DCCH
DCCH
DCCH
DCCH


RLC mode
UM
AM
AM
AM


Payload sizes, bit
136
128
128
128


Max data rate, bps
1700
1600
1600
1600


RLC header, bit
8
16
16
16

MAC
MAC header, bit
4
4
4
4


MAC multiplexing
4 logical channel multiplexing

Layer 1
TrCH type
DCH


TB sizes, bit
148


TFS
  TF0, bits
0x148



  TF1, bits
1x148


TTI, ms
80


Coding type
CC 1/3


CRC, bit
16


Max number of bits/TTI before rate matching
516


Uplink: Max number of bits/radio frame before rate matching
65

Table 4. Transports channel parameters for uplink 1.7 kbps SRBs for DCCH.

6.2 GERAN Signaling Radio Bearers

GERAN SRBs are FFS.

7 Mapping Radio Bearer Identities to Temporary Block Flows

For many services, a primary PDP context and a secondary PDP context will be activated, each having at least one Radio Access Bearer (RAB) and one RB.  If four SRBs are also required, a total of 6 RB identities would need to be mapped to a TBF if maximum service flexibility and efficiency are desired.  As shown in Table 3, an RB identity comprises 5 bits.  How and where to map the RB identities onto the TBF is FFS.

8 Conclusions and Recommendations

This contribution discussed the relationship between GERAN UE RRC modes and RRC states and the implications that this relationship has on mapping Radio Bearer (RB) identities to Temporary Block Flows (TBFs).  Two basic problems were identified:

· How many SRBs and RBs should be mapped to a single TBF for maximum service flexibility and efficiency?

· Where should the multiplexing be done (e.g., at the PDCP or the RLC/MAC layer)?

The recommendation is to review and discuss.
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