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1 Introduction

This contribution focuses solely on the GERAN R’00 interface to the packet core network.  The topic of circuit interfaces for GERAN is covered in a companion contribution, as is the topic of the legacy packet interface, Gb. 

GERAN Release 00 will support 200Khz channel real-time packet access into a common UMTS packet core network.   In the packet domain, it should provide as far as possible similar functionality to UTRAN for both real-time and non-real time packet, and therefore should employ the same functional split as UTRAN.  Figure 1 shows the GERAN reference architecture for Release 2000 packet interface into the UMTS core.  Internal GERAN architectural interfaces are yet to be defined.
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Figure 1: GERAN R00 Packet Architecture 
Given that the functional split is the same for UMTS, then it is logical to start with the Iu_ps interface and determine what changes are required to support the GERAN air interface.  This maximizes the commonality of protocols with UMTS. 

Based on the above, Lucent Technologies is seeking concurrence with the following working principles (shown in bold). :

1) The functional split between the core network and GERAN R’00 Packet should be as between the core network and UTRAN.

Implications of this working principle include the following:

· The GERAN/Core Network interface becomes the Release 2000 version of Iu-ps.  A detailed functional split across the GERAN/Iu-ps is required. Table 1 in this contribution defines this split and is in accordance with the functional split for UMTS.  (Note: This table is an extension of Table 1 from 23.060.)

· The Iu-ps interface is used for real-time and non real-time services for R00 and later.

· ciphering is performed by the GERAN 

· GTP is extended to the GERAN 

· RANAP is used on the control plane between the SGSN and the GERAN

· Compression is moved to the GERAN (i.e., the PCU) and PDCP (as shown in Figure 2) is used for the user plane

· A context exists per mobile in the GERAN and a radio interface temporary identifier is maintained for the signalling “session
”.

· For packet voice transmission, header compression/elimination will be necessary to allow efficient packet voice transmission over the radio interface.  This is FFS.

· Separation of control and data exists over the packet core network and GERAN R’00 interface.

· A virtual connection over the Iu-ps R00 interface exists per mobile.

· Handover decision and control occurs at the RNC for real time services.  Intra-RNC handover is handled by the RNC and hidden from the core network.  Inter-GERAN handover, including the movement of the Iu-ps, is expected to take advantage of existing relocation procedures.

· RR is performed by the GERAN 

· Ready/Standby MM states are handled in the GERAN

· Logical Link Management takes place in the GERAN

2) The GERAN R’00 packet architecture should follow the UTRAN architecture as much as possible.
Implications of working principle two include the following:

· An interface between RNSs may exist to assist in handover.  This requires further study since some functions of Iur are not necessary in peer GERAN communication.

· It remains for future study to determine whether the BTS to RNC interface needs standardisation for R00.  Figure 3 shows a possible functional split between the RNC and the BTS. The RR-1 in the BTS manages the PRACH accesses from real-time users and the MAC is placed in the BTS for faster access. The rest of the RR messages are handled by RR-2 in RNC. In Figure 3 the RLC and MAC are located at the BTS (iPCU) for fast access of real-time services. 
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Figure 2: Example user protocol plane

Figure 3: Example functionality/protocol split between RNC and BTS
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GERAN R00 Packet Functional Split

Table 1 in this contribution shows the resulting functional split across GERAN R00 packet.  Table 1 is taken from 23.060.  A new column, GERAN ’00 pkt, has been added to indicate the resulting functionality for the real time and non-real time packet interface into the common UMTS core.  New functions have been added for handover at the end of the table.  Additionally, the MS, GGSN, and HLR functional breakout columns have been omitted since they are not a focus of this discussion.

Table 1: Functional split across GERAN R00 Packet

Function
BSS
GERAN ’00 pkt*
UTRAN
2G-SGSN
3G-SGSN

Network Access Control:






Registration






Authentication and Authorisation



X
X

Admission Control
X
X
X
X
X

Message Screening






Packet Terminal Adaptation






Charging Data Collection



X
X








Packet Routeing & Transfer:






Relay
X
X
X
X
X

Routeing
X
X
X
X
X

Address Translation and Mapping

X
X
X
X

Encapsulation

X
X
X
X

Tunnelling

X
X
X
X

Compression

X
X
X


Ciphering

X
X
X









Mobility Management:



X
X








Logical Link Management:






Logical Link Establishment



X


Logical Link Maintenance



X


Logical Link Release



X









Radio Resource Management:
X
X
X
X









Handover:






- Handover Decision

X




- Handover control

X




- Handover Execution (Resource reservation and path switching)

X


X

- Handover completion (release of resources and connection optimization)

X


X

* GERAN ’00 pkt is used to designate the real time and non-real time Iu-ps R’00 interface into the 3G core network.

2 Benefits

A GERAN architecture following the principles identified above and their resulting implications provides the following benefits:

· Common Packet Core Network for UMTS and Edge.  The core is access technology independent.

· Easier standardisation as the Iu-ps evolves to support new services.

· Less processing delay in the SGSN which is critical for real time services. 

· Faster response with an RLC located where cell level mobility is handled.

· Putting the compression entity as close as possible to the reliable link (as in GPRS) which in this case is the RLC results in:

· faster recovery of packets after loss of packets in the radio interface, and 

· minimization of the amount of buffering required in the UE and the network. 

· Radio related issues are restricted to the access network and can be optimised for the access technology.

3 Conclusion

This contribution advocates the use of the Iu-ps interface and the UMTS functional split for the GERAN R00 packet interface into the 3G core network.  The attached appendix provides more detail on this selection and on the summary shown in Table 1.

Lucent Technologies believe that the choice of the Iu-ps interface (versus an “evolved” Gb) with 3G core for GERAN R’00 will not increase the overall work effort required to implement real time packet data over the EDGE radio interface.  With Iu-ps for GERAN R00, the 3G target interface is known and should fulfill current 3G requirements.  The functional split between the access network and core network becomes implicit.  With this decision, it becomes necessary to work backwards to take into account the GSM radio environment.  The endpoint interface is known and will provide a good guarantee of moving  forward with the UMTS standard. 

The alternative of starting with the current Gb interface and evolving it to accommodate real time services is less certain.  In the end, something similar to the Iu-ps would likely result, but the danger exists of not having alignment and therefore having to carry two separate interfaces forward.

Appendix

GSM and UMTS Architectures

4 
Gb interface

The following figures, extracted from the UMTS 23.060 specification, give an overview of the protocol stacks at the Gb interface in the user and control planes of the GSM environment. The main characteristic of GPRS is that there is no separation between signalling data and user data. The protocol stack at the Gb interface is the same in the user and control planes.

4.1 User plane
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In GPRS, FR permanent virtual connections are gathered and make a set of NS-VC (network Service Virtual Circuits). At the BSSGP layer, BVC are defined (BSSGP Virtual Circuit). One BVC is supported by a set of NS-VC, which can support several BVC. One BVC is associated to one cell and support the traffic relative to all the MS located in this cell. One specific BVC is dedicated to the BSSGP signalling flow (paging, flush…) relative to one NSE (Network Service Entity). A BSS is made of one or several NSE.

4.2 Control plane
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5 Iu_ps interface

The following figures, extracted from the UMTS 23.060 specification, give an overview of the protocol stacks at the Iu_ps interface in the user and control planes of the UMTS environment. The protocol stacks at the Iu_ps interface are different in the user and control planes.  There is also a clear separation of signalling from user data.

5.1 User plane
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Per user per PDP context flows identified by the GTP headers are used in UMTS.  These are set up between the SGSN and the RNC using RANAP signalling.

5.2 Control plane
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5.3 SCCP Connection

An SCCP signalling connection is set up in UMTS when a UE establishes an RRC context.  All signalling related to the UE is carried over this SCCP connection giving separating signalling from user data.  The two are kept separate over the radio interface as well. 
6 R00 GSM AN architecture based on an “evolved” Gb

The figure below depicts an architecture if an evolved Gb interface had been selected to support R00 packet.








As previously described (see section 2.1.1), there is no difference between the user and the control planes at the Gb interface. The purpose of the following sub-sections is to determine if this characteristic can be kept and to consider how the Gb interface could evolve to allow the network to support RT services in a GSM environment.

6.1 
NS layer

The existing NS layer uses the Frame Relay layer 1. It could be updated to use the ATM layer 1 or IP. This evolution was initially foreseen for GPRS phase 2. 

GPRS does not have this concept of an SCCP connection nor does it separate signalling from user data over the air or Gb.  Different SAPs should be defined to the RLC/MAC layer to separate the user-data from signalling.  The BSC should maintain an RRC context and an SCCP connection should be set up either on receipt of the first signalling message from the UE or on SRNC relocation procedure.  All MM, SM, and SMS messages will then need be sent over the SCCP connection as RANAP messages.  RANAP also carries other control messages that terminate in the BSC.

6.2 
BSSGP

In GPRS, when an MS in the packet data transfer mode moves from a source cell to a target cell, it shall get some information from the target BCCH or PBCCH, and interrupt any ongoing TBF in the source cell. Then, it has to access the target BSS, request some radio resources from the target BSS and establish an uplink TBF in the target cell (to indicate the cell update and to carry on any uplink data transfer). If a downlink TBF was also ongoing in the source cell, it cannot be re-established until this time, by means of the BSSGP Flush procedure triggered by the SGSN upon the receipt of the cell update LLC frame. If the source and target cells belong to the same BSS and if this BSS uses the network controlled cell re-selection, the BSS can command the cell re-selection knowing that some radio resources are available in the target cell. If the source and target cell do not belong to the same BSS, the source BSS can still command a cell re-selection towards the target BSS, but without any indication about the radio resources available in the target BSS. The cell-reselection may fail because of a lack of resource in the target cell. A data transfer can then be interrupted for a while during a cell-reselection procedure.

The RANAP relocation procedures using the SCCP connection-oriented service along with network controlled handover procedures have been introduced in UMTS to reduce this interruption.  There is nothing equivalent in GPRS. The BSSGP does not use any connection-oriented services.

All cell updates including Intra-BSC ones are reported to the SGSN (while in READY state) in GPRS.  This leads to excessive signalling on the Gb interface.  The closer this handover is handled to radio, the faster and more efficient the handover execution.  UMTS allows a hierarchical handling of Handovers with intra RNC ones handled by the RNC.

To allow the same “quality of service” in UMTS and GSM, some mechanism has to be defined at the BSSGP layer to allow the source BSS to indicate to the MS the appropriate target cell, with available resources, out of the external cells reported by the MS. This mechanism would require a relocation like procedure. The relocation procedures are already defined in RANAP, using SCCP services which can be used in GERAN.

With the introduction of relocation-like procedures, the distinction between control plane and user plane may be needed. The NS layer could also be impacted to be able to provide connection-oriented services. In the existing GPRS architecture, there is no difference between control plane and the user plane.

6.3 
LLC

According to UMTS 23.060:  This layer provides a highly reliable ciphered logical link. LLC shall be independent of the underlying radio interface protocols in order to allow introduction of alternative GPRS radio solutions with minimum changes to the NSS.

In GPRS, the ciphering is performed in the CN, by the LLC layer. The LLC layer shall be kept in the SGSN if the ciphering function is kept in the CN. But during an SGSN routing area updating procedure, the data transfer are delayed until the end of the procedure because ciphered data are not allowed to be sent to the MS before the end of the routing area updating procedure.  In UMTS, the ciphering is performed in the RNC and there is no requirement to stop data transmission during the RAU/the relocation procedures. Thus the interruption to data transfer is minimised.

To allow the same “quality of service” in UMTS and GSM, the ciphering function should be located in the BSS. The LLC layer would have to be modified, together with the lower layers to command the ciphering. The mechanism already defined in UMTS could be used instead.

The reliable link provided by the LLC ensures no data loss during a cell reselection.  When cell level handovers (intra-BSC) are handled by the access network for faster handovers, it is more efficient to locate the LLC (reliability functionality) in the access network to ensure loss less handling of these handovers.   This is because connection on the Gb+ interface does not change and adding reliability over this link may not add much value.

6.4 
SNDCP

In GPRS, the compression algorithms are located in the CN and negotiated by means of the LLC XID frames.

In UMTS, they are located in the RNC, at the PDCP layer. The functionality of PDCP is similar to the SNDCP.  It maps network level characteristics onto the characteristics of the underlying network.   It also supports IETF header compression algorithms and PDCP SDU buffering and numbering.  It is also expected to support multiplexing of several Radio Bearers on to a single RLC in R00.

Header compression is best performed close to the RLC layer and is best thus located in the BSC above the RLC.  This architecture also provides a level of distribution of processing rather than concentrating it on the SGSN (or GGSN). The PDCP layer already defined in UMTS could be introduced in the BSS.
6.5 
GMM 

In GPRS, cell level mobility is handled by the SGSN. The SGSN also handles the READY and STANDBY states, where the MS is tracked at a cell level or a RA level depending on the activity level of the MS.  These are really access network functions and are best handled in the access network as in GSM A interface and UMTS Iu interface.  The signalling load at the Gb interface due to the existing cell update mechanism may not be negligible in a dense cellular network.  It also introduces a hierarchical pattern of control with cell level mobility being handled by the access network and the change in BSC being handled by the SGSN. The functional split between the core network and the access network, already defined in UMTS, could be applicable to the GSM environment.  This kind of modification could have an impact on the BSSGP, where such a mechanism for mobility handling already defined in RANAP, would have to be added.

6.6 
SM

The SM for GPRS and UMTS are similar.  The main difference is the QoS parameters.  These can be mapped between the two systems.

6.7 User plane

It is more efficient to limit the processing to the end points of the tunnel (RNC or GGSN) as much as possible.  Thus it is better to run the GTP tunnel between the BSC and GGSN as in UMTS than to have the SGSN to process the user data.

7 R00 GSM AN architecture based on Iu_ps

The figure below shows the GERAN interfaces with the selection of Iu-ps for handling R’00 packet.

The BSS would have to distinguish a 2G/MS from a 3G/UE to know where to report the data received from the mobile. This could be done easily, for example, by means of the classmark or other identifiers.

7.1 Impact on BSS

Use of Iu-ps towards the GERAN will have impact on the BSS specifications.  Issues that need to be studied include paging coordination in the BSS,  procedures for setting up and tearing down the RRC session including issuing radio network identities to UE, maintaining an RRC context and transferring the context information between BSCs, supporting STANDBY state, supporting ciphering and LLC, header compression (PDCP), SRNC relocation procedures, etc.  These are FFS.  

8 Standardisation effort

To be able to support the 3G services in GSM, the Gb interface has to be massively updated. The user plane and control plane should be split. In the control plane, the NS layer would have to be updated to provide connection-oriented services, the BSSGP would have to be updated to support the relocation procedures and other procedures already defined in RANAP.

The LLC and part of the GMM functionality which are not available in the 3G core network should be supported either at the core network or in the access network. Standardisation work would be required to define the Gb+ interface and the associated impact on the existing RLC/MAC layers (the introduction of a PDCP-like layer would be necessary). 

To use the Iu_ps interface as the interface between the GERAN and the core network means standardisation work to adapt this interface to the GSM environment and define the modification of the existing BSS relay functions. Nevertheless, the choice of the Iu_ps interface dictates the direction to be followed by the standardisation group responsible for the definition of the GERAN interface and allows a synergy for the UMTS and GSM systems in the core network.  Use of the capabilities already supported in the Iu_ps protocols, rather than recreating these in Gb, offsets the work required to adapt Iu_ps to GERAN.   Additionally, the use of a common interface and CN will avoid updating the specifications and maintaining two interfaces and CN elements.   
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� In this context, a “session” means a procedural message exchange whereby a SCCP connection is established and then released.  Examples include a routing area update and an attach.
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