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Introduction
This contribution summarizes the benefits resulting from the addition of Iu core network interface support to Generic Access Network (GAN), referred to as Iu-mode GAN.
X.Y
Iu-Mode GAN Improvements and Benefits
Generic Access to the Iu core network interfaces extends UMTS mobile services by tunnelling Non Access Stratum (NAS) protocols between the user equipment (UE) and the Core Network over an IP network. Like A/Gb-mode GAN, Iu-mode GAN is a complement to traditional GSM/GPRS/UMTS radio access network coverage.  

The Iu-mode GAN proposal provides the following improvements over the A/Gb-mode GAN.
X.Y.1
Support for All-IP GANC Architecture
GAN enables UEs to receive CN services over IP networks.  From the GANC to the UE, the interface is 100% IP transport.  From the GANC to the CN, the interfaces are dictated by the interfaces offered by the core network.  In A/Gb-mode GAN, the GANC may support Gb over IP for an IP-based architecture but the GANC requires TDM circuits between the GANC and the MSC to comply with the A-interface specification. 
In Iu-mode GAN, in particular when using IP-based Iu interfaces, the GANC interfaces with MSCs and SGSNs using IP interfaces, thereby furthering the migration of the 3GPP network toward an all IP network.

X.Y.2
Removal of Audio Transcoding Function from GANC

As audio transcoding functions are performed in the CN when using the standard Iu interface, the need for audio processing hardware to be provisioned in the GANC is eliminated.   In addition, transcoders in the CN may be shared across UTRAN and GAN for higher transcoder utilization efficiency. 
Iu-mode GAN supports transcoding in the CN.

X.Y.3
Support of Transcoder-Free Operation (TrFO)

The Iu interface supports Transcoder-Free Operation (TrFO), an improvement over the Tandem Free Operation (TFO) supported on the A-interface.  

TrFO supports end-to-end transcoder-free operation where the voice signal is encoded in the tranmitting UE and transported without modification to the receiving UE.  TrFO takes advantage of the ATM or IP transport on the Iu interface and consumes only the bandwidth necessary for transporting the audio payload (e.g. 12.65kbps or less)
TFO only allows audio payloads to be transported through PCM links without modification but the audio stream still consumes the full 64kbps PCM bandwidth.  Due to complexity and poor interoperability, TFO is rarely implemented in commercial networks.

Iu-mode GAN provides support for TrFO.

X.Y.4
Improved Support of AMR-WB Voice Services
AMR-WB provides improved voice quality over AMR-NB.  The voice quality improvement for AMR-WB is due to the expanded frequency response of the wideband codec.  The expanded frequency response is lost when AMR-WB is transcoded to G.711.  Therefore, the improved voice quality of AMR-WB requires the support of TrFO or TFO between two UEs.   Iu-mode GAN with support for TrFO in the CN would allow AMR-WB to be used for all calls between UTRAN and GAN attached UEs.
While supporting AMR-WB in GERAN and A/Gb-mode GAN is possible, it requires deployment of TFO and the addition of interworking between TrFO and TFO in the CN.  Due to the lack of TFO support in deployed GERAN networks, in practice, the improved voice quality of AMR-WB will likely be restricted to UEs operating in Iu-mode only.
Iu-mode GAN provides superior and more widely available support for AMR-WB.

X.Y.5
Improved Handover Support between UTRAN and GAN
Handover between A/Gb-mode GAN and UTRAN is defined by GAN TS 43.318 section 8.14.1.2.  This section requires that the UE send a “Support of Handover to GAN” indication to the RNC and for the RNC to respond to this indication by sending the GAN 2G ARFCN to the UE as a special 2G neighbor cell in the camped cell neighbor list.  Without this indication, the RNC does  not normally provide any 2G cells in the neighbor list to the UE to avoid unnecessary power consumption of the 2G radio in the UE and the potential for ping-pong between 3G and 2G radio access.  
According to GAN TS 43.318, “The selection of the RF channel numbers (ARFCNs) used for the UTRAN to GAN handover procedure should not correspond to a channel from a frequency band supported by any UE, to avoid UEs that do not require compressed mode from unnecessarily powering up their GSM receivers.”  The use of such a channel may not be possible due to ARFCN range checking in some BSCs and MSCs implementations.   When that is the case, the UE would have to use valid ARFCNs and still recognize the ARFCN as one that should not cause the GSM receivers to power up.
The problem with the current handover approach is the handling of GAN as an exception with the resulting dependency on GAN specific RNC feature support and the need for special GAN ARFCN treatment.  
The lack of the RNC “Support of GAN handover” feature does not prevent handover between RNC and GAN, but it delays the timing of the handover until the UE and RNC determines that a 3G ↔ 2G handover is necessary and the RNC adds 2G neighbors to the UE’s neighbor scans.

Handover between Iu-mode GAN and UTRAN does not require the RNC feature support or the UE recognition of the special GAN ARFCN.  In Iu-mode GAN, the GAN neighbor cell is identified as a 3G UARFCN and scrambling code.  This means the RNC can supply the GAN cell in the regular 3G neighbor list and neither the RNC nor the UE require any special “Support of Handover to GAN” feature support.  

With Iu-mode GAN, timely UTRAN - GAN handover, triggered upon entry to Wi-Fi coverage, can be enabled without any functional dependency or software upgrades to the macrocell network RNCs.

X.Y.6
Option for Signalling Load Reduction for UTRAN – GAN Roving
Roving between the macro RAN cells and Wi-Fi coverage may generate mobility management signalling overhead in the mobile network.  The overhead can consume mobility management resources at the HLR, MSC, and SGSNs.  It is highly desireable to reduce or eliminate the need to perform Location Updates upon entering Wi-Fi coverage or leaving Wi-Fi coverage.  

A common technique for limiting the signalling load for macro RAN – GAN roving and handover is to share LAI and RAI assignments for macro RAN cells and GAN cells with overlapping coverage.  This technique avoids location updates when UEs rove into and out of Wi-Fi coverage.  
The Iu-mode GAN makes this signalling load reduction technique available for UEs roving between GAN and UTRAN and maintain the independence between the UTRAN LAI/RAI plan and GERAN LAI/RAI plan.  With Iu-mode GAN, Iu-mode GAN UEs may share LAI/RAI-1 with UTRAN and A/Gb-mode GAN UEs may share LAI/RAI-2 with GERAN from the same AP and LAI/RAI-1 is not required to be equal to LAI/RAI-2.
X.Y.7
Support for Pure 3G Deployments
Limiting GAN to A/Gb interfaces into the core network limits the network design options for GAN operators.  

Pure 3G networks do not have 2G interfaces provisioned on their 3G-MSCs or 3G-SGSNs.  Limiting GAN to A/Gb interfaces forces the 3G operator to license 2G features on MSC and SGSNs (which are dedicated to 3G service) and to add 2G hardware to their network.  Supporting Iu-mode GAN allows GAN deployment without incurring 2G licensing or hardware additions to 3G networks.

For many combined 3G and 2G networks, operators chose to deploy their 3G network with separate 3G-MSC and 3G-SGSN network elements.  Limiting GAN to A/Gb interfaces prevents the addition of GAN on the same 3G-MSC and 3G-SGSN as UTRAN.  It forces the operator to change network design policies or to license 2G features on MSC and SGSNs dedicated to 3G service.  Supporting Iu-mode GAN allows GAN deployment on the 3G network in addition to the 2G network.
X.Y.8
Improved Compatibility with Operator UMTS and GSM Service Policy Enforcement

In addition to technology implementation differences between UMTS and GSM services, operators also enforce service policies that differentiate UMTS and GSM services.  Some services are only offered when the UE is attached to UMTS.  This differentiation is typically determined by the access network interfaces and network elements used by the UE to reach the network.  For example, a “3G” APN may be unreachable from a 2G SGSN.

UEs attached to GAN support the high bandwidth interfaces comparable to UEs attached to UMTS.  From a performance standpoint, the GAN UEs should be treated as “3G” UEs.  However, due to the way service polices are enforced, A/Gb-mode GAN causes the CN to classify unintentionally GAN UEs as “2G” devices and apply GSM service policies to GAN attached UEs.
Supporting Iu-mode GAN would allow GAN UEs to be treated as 3G devices and gain access to UMTS services classified as 3G services without overhauling the operator service policy enforcement or introducing a CN functionality change to differentiate GERAN-attached UEs from GAN-attached UEs.
X.Y.9
Improved GPRS Data Service Architecture

The Iu-mode GAN proposal enables a much more efficient GPRS data service architecture than Gb-mode GAN.  Adopting the 3G GPRS architecture provides immediate benefits in terms of simplified SGSN operation and reduced SGSN workload.  The SGSN is no longer performing ciphering and the user plane is greatly simplified compared with 2G GPRS.  Two protocol layers and associated processing functions are eliminated between the UE and the SGSN:  SNDCP and LLC.
Adopting the 3G GPRS architecture allows the introduction of the one-tunnel (aka direct tunnel) optimization defined in TR 23.809 and TS 23.060  to allow the PS user plane to bypass the SGSN between the GANC and the GGSN.
Since the SNDCP and LLC layers have been removed, the PDU encapsulation in GA-PSR needs to be modified irrespective of PDU encapsulation format.  
The Iu-mode GAN proposal recommends the use of the GTP-U defined G-PDU encapsulation instead of a derivative of the GA-PSR UNITDATA encapsulation because G-PDU is already defined and G-PDU allows the possibility of tunnelling the PDU directly between the UE and the SGSN.  
With one-tunnel optimization, the tunnel could bypass the SGSN and terminate at the GGSN.  The result is the user payload takes the fewest hops through GAN and GPRS support nodes and packet forwarding is handled by IP routers only.

The choice of G-PDU encapsulation provides the opportunity for PS user plane improvements in the core network to be added without further changes in the UE. 
The improved GPRS data service architecture is 100% backwards compatible with 3G and 2G GPRS service:
· Supports GPRS cell reselection and PS handover
· Full support of APNs and compatible with current APNs

· Supports home network and roaming
X.Y.10
Minimal Change to CS Domain of Up Interface

The CS domain on the Up interface consists of two protocols:

· Control plane:
GA-CSR as defined in GAN Stage 2 TS 43.318 and GAN Stage 3 TS 44.318

· User plane:
RFC 3267 [Real-Time Transport Protocol (RTP) Payload Format and File Storage Format for the Adaptive Multi-Rate (AMR) and Adaptive Multi-Rate Wideband (AMR-WB) Audio Codecs]

The Iu-mode GAN proposal Up user plane remains RFC 3267 so the Iu-mode proposal has no impact on the CS domain user plane.

The only changes to the GA-CSR protocol are those necessary to conform to UMTS security mode procedures and to enable UTRAN – GAN handover as intra-RAT handovers (3G to 3G):

· Security Mode Control procedure to provide both encryption and integrity protection information to MS. MAC calculation will use IK rather than Kc.
· Allow the GA-CSR to transport the Physical Channel Reconfiguration message.  The modification allows GA-CSR to signal the presence of this UTRAN RR message in its payload.
The Iu-mode GAN has very minimal impact to CS domain of Up interface and the changes enable improved security (X.Y.11) and mobility management (X.Y.5)

X.Y.11
Use of UMTS Security Mechanisms

UMTS security mechanisms are preferred over GSM.  A few of the UMTS security improvements over GSM are:

· Mutual Authentication with replay protection (at NAS layer)
· “Open” algorithms (block-ciphers) basis for security

· AES for authentication and key agreement

· Kasumi for confidentiality/integrity

· Security strength (key sizes): 128 bits

The advantages of UMTS security over GSM are well documented. 
X.Y.12
Full Backwards Compatibility with GAN

GAN tunnels Non Access Stratum protocols without changing any aspect of NAS operation in the 3GPP architecture.  NAS operation and procedures are out of scope for GAN specifications.  Iu-mode GAN complies with these GAN architectural principles.
Iu-mode GAN operates solely as a RAN that conforms to well defined interfaces and procedures between RAN and CN.  
The Iu-mode GAN proposal provides backwards compatibility for:
· UEs that support A/Gb-mode GAN only

· UEs that support Iu-mode GAN only

· UEs that support both A/Gb-mode and Iu-mode GAN
Iu-mode GAN follows the proven approach of A/Gb-mode GAN for supporting service and functional transparency.  As such, Iu-mode GAN provides point by point compliance with TS 24.008 procedures defined in chapters 4 through 6.

X.Y.13
No Impact to Core Network, UTRAN, or GERAN

The Iu-mode proposal is fully contained in the implementation of the Up interface between the GANC and the UE.  The GANC supports the standard IuCS and IuPS interfaces to the CN.  The operation of the UE while attached to the UTRAN or the GERAN is the same for UEs with and without GAN capabilities.   The operation of the UE while attached to GAN in Iu-mode appears to the CN as if the UE is attached to UTRAN; CN procedures and functions are unaffected by the deployment of Iu-mode GAN.
Proposal
It is proposed to capture the text in section X.Y.1 – X.Y.13 in the GAN Enhancements Technical Report as the improvements and benefits provided by the Iu-mode architecture in support of the required GAN enhancements.
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