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Enhanced GAN: future evolutions
1 Abstract
Medium term evolutions (HSPA+, GERAN VoIMS, I-WLAN) as well as long term evolutions (SAE/LTE) are all considering PS-only architectures. GAN is today based on Voice over CS rather than VoIMS. In addition, as the main objectives of GAN are residential and hotspots, it is interesting to compare E-GAN architectures with the other solutions for this market e.g. Femto-cells (UMTS) and I-WLAN. In order to avoid too many different architectures and therefore too many changes in the networks for the operators, the Enhanced GAN architecture should take these information into account. This paper is intended to give an overview of the evolutions of each solution proposed in the TR 43.902. It proposes a text for a comparison section in the TR. 
2 Proposed text
6.x
Comparison of the solutions

6.x. x
Future evolutions
Medium term evolutions (HSPA+, GERAN VoIMS, I-WLAN) as well as long term evolutions (SAE/LTE) are all considering PS-only architectures. GAN is today based on Voice over CS rather than VoIMS. In addition, as the main objectives of GAN are residential and hotspots, it is interesting to compare E-GAN architectures with the other solutions for this market e.g. Femto-cells (UMTS) and I-WLAN. In order to avoid too many different architectures and therefore too many changes in the networks for the operators, the selected Enhanced GAN architecture should take these considerations into account.
6.x.x.1
Femto-cells architectures

E-GAN architectures can be compared with femto-cells solutions mainly for the residential market.
There are mainly three kind of femto-cells architectures:

· NodeB-based femto-cells where the home device, connected through DSL line and  has NodeB functionality, and the RNC is located in the operator’s network;
one advantage of NodeB-based femto-cells is that it can use soft-handovers; however, frequency/code planning is complicated. 
· Iu-based femto-cells where the home device includes both NodeB and RNC functions;
one advantage of this architecture is that it can be connected as a RAN. 
· Gn/Gi-based femto-cells where the home device includes NodeB, RNC, SGSN and even GGSN functions. They are IMS-ready. They can be interfaced via Iu-cs mainly for voice over CS as long as PS-CS VCC handovers are not implemented. 
one advantage of Gn/Gi femto-cells is that they by-pass SGSN and GGSN. 
6.x.x.2
I-WLAN architecture

I-WLAN architecture is definitely VoIMS-oriented. In the case of GGSN reuse, where the PDG (Packet Data Gateway) is split into a GGSN and a TTG (Tunnel Termination Gateway), the Gn interface is used between the TTG and the GGSN. This is specified in TS 23.234 [1]. 
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Figure 1: PDG split into a GGSN subset and a TTG (extracted from TS 23.234)

PS-CS VCC handovers are used between WLAN and UMTS handovers. This is specified in TS 23.206 [2].

This architecture is in line with femto-cells based on Gn and Gi for non-IMS services as well as IMS services. 

6.x.x.3
SAE/LTE architecture

SAE/LTE architecture [3] is definitely based on PS domain only, therefore VoIMS as in I-WLAN architecture. PS-CS handovers will be achieved thanks to under study “single radio VCC”. 
This architecture is in line with femto-cells based on Gn and Gi for non-IMS services as well as IMS services. 
6.x.x.4
GAN Iu-cs/Iu-ps solution
The GAN Iu-cs/Iu-ps solution architecture can be compared with the Iu-based femto-cells architecture: indeed, as Iu-cs and Iu-ps are used for both GAN and femto-cells, an architecture with a GANC that would manage both GAN cells and UMTS femto-cells could be studied. As shown in the following figure, there would be a Iu-Up-Iu conversion for the femto-cell case as shown in the following figure. 

[image: image2.emf] 

GA NC  

F emto - cell  

IMS  

PDN  

SGSN   GGSN  

RNC   Node B  

MSC  

ISDN  

Up  

Proxy GAN  

Iu - cs/   Iu - ps  

Iu - cs  

Up  

Iu - ps  

O&M  


Figure 2: Common GANC for GAN and femto cells
1) Access Authentication and IPsec tunnel between the UE and the GANC

In Femto NodeB, the UE is a R99 UMTS legacy terminal. There is no IPsec tunneling on the radio and the authentication is performed thanks to UMTS AKA via the Core Network. 

The femto NodeB should be considered as a GAN subscriber that operates specific discovery/registration procedure while having not the right to access the Core Network. The femto NodeB includes a USIM for its authentication and security. 

In addition, there should be a kind of implicit authentication from each UE, with one IPsec tunnel per UE. This is achievable via child Security Associations established as soon as a UE has established a RRC connection. 

2) GAN radio protocol: Up
First, it can be considered that if the femto-cell is made of NodeB, RNC and Proxy-GAN functions, it would be very difficult to invent a interface different from Iu-like between RNC and Proxy-GAN, which is a RAT independent interface. 
Then, as a Iu-Up-Iu conversion seems necessary, it is interesting to study how the mapping between Up and Iu interfaces could be achieved.

GAN is characterised by a specific Up protocol between GANC and UE. The UE-GANC protocol (GA-RRC) is used for:

2-1) Discovery/Registration: this procedure is used by the UE to discover the GANC and the SEGW, and to "GAN-register" to the "Serving GANC". 
A UE would be implicitly registered as soon as a RRC connection is established; but there is no way to trigger a registration to the Proxy-GAN via an Iu-like interface (RNC-ProxyGAN).  

2-2) GA-RRC Connection Handling: it is used to switch the UE between GAN-Idle and GAN-Connected mode. 
But RRC connection establishment does not always mean having an Iu connection for that UE. How the RNC function would trigger the establishment of GA-RRC is questionable. 
2-3) Security Mode Control, NAS Signalling Procedures, Mobile Originated CS call, Mobile Terminated CS Call and GA-RRC Packet Transport Channel Management Procedures:  
As there is a one-by-one mapping between the UE GAN-RRC connection and the Iu, that would mean a double conversation Iu-Up-Iu. 
2-4) Several Iu procedures such as “Shared Networks in connected mode”, “NACC”, etc., simply do not exist on Up, therefore the full mapping between Iu and Up is questionable.
Moreover, GA-RRC protocol does not contain any UTRAN radio parameters as it is radio independent. For most procedures, it is just a kind of adaptation of Iu messages towards the generic WLAN. For example, there is no broadcast channel carrying PLMN-id, LA-id, and other radio parameters like neighbouring cells. The GANC and the Proxy-GAN is completely unaware of neighbouring cells and of any radio configuration. Therefore, Femto NodeBs must be configured with all these radio parameters.

6.x.x.5
Enhanced Up A/Gn solution
Enhanced Up A/Gn solution architecture can be compared with the Gn-based femto-cells architecture: in both GAN and femto-cells, the SGSN node is removed, reducing costs and complexity.
The Gn interfaces are unchanged.

The femto-cells and GAN are full IMS-ready i.e. by the removal of CS domain, only common Gn interface is needed. 
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Figure 3: Enhanced Up A/Gn GAN and Gn-based femto-cells
6.x.x.6
Combined GANC-SGSN A/Gn solution

This solution has the same advantages as the Enhanced Up A/Gn solution, as it uses Gn interface.
3 Conclusions

It is proposed to include the above text in the TR 43.902 [1] in a subsection “Comparison of the solutions” of section 6 “Evaluation”.
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