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1. Introduction

At the February 21-22 joint SMG2/SMG12/3GPP S2 Workshop on GERAN Architecture it was agreed to connect GERAN to a UMTS CN and to support the following interfaces.

· Circuit switched services to the GSM backbone network (A interface)

· Packet switched services to the GPRS backbone network (Gb interface)

· Packet switched services to the UMTS core network (Iu-ps)

· Signaling interfaces between GERAN RNC’s (Iu-r interface)

Standards support for the following interfaces is still under discussion.

· Circuit switched services to the UMTS core network (Iu-cs interface)

· Signaling interfaces between GERAN and UTRAN RNC’s (Iu-x interface)

The CS domain and corresponding Iu-cs interface between the RNC and MSC Server are adopted in UMTS for the UTRAN access network.   This contribution illustrates that many of the advantages associated with Iu-cs in UTRAN apply equally to GERAN.  The key advantage of an Iu-cs interface in GERAN is to provide options for voice and circuit switched data, services within the R00 framework consistent with UTRAN. Thus, it is the contributor’s opinion that the Iu-cs interface should be standardized as an option in GERAN.

2. Quality of Service Considerations

With the high penetration of CS voice worldwide legacy CS voice traffic is expected to remain for many years to come. A CS domain within the UMTS framework allows an operator a gradual and flexible migration from a GSM network to an all packet wireless network. 

Currently, no end to end performance studies for mobile voice communications (simulations or lab experiments) have been submitted to 3GPP for the all-IP network option.  It is essential that IP meet the stringent performance requirements for real-time services.  Of particular concern is the scenario in which a user is roaming, since mechanisms for bandwidth brokerage and route optimization across operator domains have not been fully studied. Furthermore, IP QoS mechanisms (e.g., RSVP and DiffServ) do not specifically address performance requirements (e.g., delay and jitter) over wireless mobile interfaces.

Due to the reluctance and/or difficulty of demonstrating solutions to the issues above, from an operator’s perspective it is imperative that the Iu-cs CS option interface be standardized. 

3. Common Core Network for CS and PS Domains

If VoIP cannot be demonstrated to offer acceptable voice service in R00, a CS domain enables a GERAN operator to evolve into a R00 UMTS CN for both PS and CS domains. Without an Iu-cs interface, GSM operators planning to offer CS domain services for the foreseeable future will be forced to continue growth of R99 CN.

A Release 2000 MS must handover or reselect to the GSM core network to access CS services over the A interface.  Since handover between the UMTS and GSM core networks is required, a MS can not be simultaneously attached to both PS and CS domains.  

Handover procedures are currently defined within UMTS between the Iu-cs and A interface, and cell reselection is defined between the Iu-ps and Gb interface. Handover/cell reselection may only be initiated by the network based on 1) RF criteria measured by the MS or the Network (signal level, connection quality, power level propagation delay) and 2) traffic criteria (e.g. current traffic loading per cell, interference level, maintenance requests, etc.).  Since service based handovers are not supported, an operator does not have the option to utilize the CS domain for optimized voice services and the PS domain to support generic IP multimedia services.  With the Iu-cs interface, an operator will have the option to independently map radio bearers to different domains.  

With Iu-cs, an operator deploying a ‘greenfield’ GERAN R00 network is not required to deploy a GSM network, but is still able to offer competitive services and roaming interoperability with GSM networks.  

4. Flexible Evolution of Existing GSM Core Network

Separation of transport and call control is one of the key principles of UMTS.  By supporting a bearer independent circuit-switched network architecture, the operator has the flexibility of choosing their preferred transport mechanism (e.g., ATM, PPP, STM, or Frame Relay) for both the CS and PS domains.

5. Improved Spectral Efficiency 

A major enhancement to the CS domain would be the support of GSM AMR Half-Rate (HR) voice bearers using the 8PSK modulation included in the EDGE system. It is expected that the 8PSK HR bearer should yield significantly higher capacity than the GMSK HR bearer specified within the GSM CS domain
.

A CS domain within the UMTS framework will also enable more efficient use of RF spectrum between CS and PS domains, provided that RAN-services (including radio bearers) are independent of the core network domain (per Release 99 architectural principles).
  Common radio bearers can be defined for CS services and optimized voice services in the PS domain to allow multiplexing between circuit switched and packet channels within the same time slot
.  The A interface defined in GSM requires that radio resources be segregated between PS and CS domains, except for a specified pool of time slots (TS) at the border of the domains.  Intra-cell handovers are required to free up border TSs so that resources can be dynamically allocated between domains.  Defining common radio bearers for RAN-services eliminates this problem and allows for more efficient multiplexing.

UMTS also optimizes the use of radio resources between the PS and CS domains through the use of combined mechanisms for location management as well as for attach/detach status purposes2.  The use of combined updates are similar to that defined for the current GSM/GPRS Gs interface.  Separate location update mechanisms may be required for CS and PS domains if an A interface and Iu-ps are utilized. A common update mechanism could be used if a Gs ‘like’ interface is standardized between 2G and 3G networks.

6. Improved Network Resource Utilization

A CS domain for GERAN within the UMTS framework enables GERAN to take advantage of UTRAN work on the CS option. 

For example,

· Media gateways for a UMTS CN have already been designed to support the Iu-cs interface, so the incremental effort for GERAN is not expected to be substantial.

· Soft switch architecture specified within UMTS CN provides additional flexibility.  3G MSC servers are not restricted to a given geographical area, and can be deployed at remote/centralized sites that reduce operations costs and complexity.

· UMTS call control for basic voice is based on GSM 04.08 call control. No substantial increase in complexity is expected for a combined UMTS CS/ GSM CS UE.

· The UMTS CN will provide a common pool of transcoders for circuit switched and packet switched domains.  This will not be possible with the A interface, since the transcoder is located in the BSC for the A interface, but in the CN for Iu-ps.   
· Transcoder Free Operation is only possible for R99 if the transcoder is located in the CN
.  Transcoder Free Operation is desired to reduce delay for MS to MS calls.

· The AAL2/ATM transport specified for Iu-cs in UTRAN has been shown to be the most bandwidth efficient transport protocol for voice only services over T-1/T-3 links for low jitter requirements.
   The use of GTP/UDP/IP/AAL5/ATM or GTP/UDP/IP/PPP/T1 for Iu-ps may not be as efficient as an Iu-cs interface for voice only services.  No simulations have been provided which compare the bandwidth efficiency of the Iu-ps and Iu-cs transport protocols for voice services with a given jitter requirement. 

7. Global Roaming Considerations

A CS interface option to a UMTS CN can be expected to expedite the acceptance of GERAN to support global terminal roaming.

A CS domain within the UMTS framework for GERAN is an important step towards ensuring  service compatibility with UTRAN and other IMT-2000 access networks.  A CS interface may be necessary if the operator chooses to duplicate R99 CS services within an R00 network , since not all Release 99 services will be offered in the PS domain and services offered in the PS domain may have a different look and feel.
  Supporting the GSM A interface is not sufficient, since new CS services may be offered within the UMTS CS domain that may not be available over the A interface.  

A CS interface also allows an operator to support ubiquitous handovers between GSM, UTRAN, and GERAN within the CS domain.  Handover between CS and PS domains is not envisioned for R00, and in fact may never be supported due to the complexity.  Handover between the GSM A interface and the UMTS Iu-cs interface will be standardized in Release 99.  Handover between CS domains for GERAN and UTRAN can be supported in R00 via an Iu-r and Iu-x interfaces.

8. Enhanced CS Service Offering

A CS domain within the UMTS framework in GERAN allows support for enhanced CS multimedia services.  

An enhancement to CS domain will be the support of higher CS data rates (relative to 64 kbps for the A interface). H.324 Video Telephony services with data rates up to 128 kbps have been defined for the CS domain within UMTS R99.  Interworking between CS domain H.324 I/M clients and PS domain SIP clients is a proposed work item for R00.

New CS services are envisioned which will not necessarily be supported on the existing A interface. Real Time Fax and circuit-switched multimedia swap and fallback are proposed work items for Release 2000. 

9. Conclusion and recommendation

An Iu-cs interface is needed as an option for GERAN to provide circuit switched voice and data services within the R00 framework.
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