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Introduction

This contribution provides a table that compares the three proposed GAN Enhancement solutions according to the objectives documented in Sub-clause 4.1 of TR 43.902.
Proposed Comparison Text

6.4
Comparison of the proposed solutions
The following table provides a comparison between the proposed solutions and how these solutions address the GAN Enhancement objectives.

	
	GAN Enhancement Objectives from Sub-clause 4.1 
	Comparison of the Enhanced Up, Combined GANC/SGSN, and GAN Iu-mode Proposals

	1.
	GAN Enhancements shall be backwards compatible with GAN in 3GPP Rel-6 and Rel-7.

 Two levels of enhancements:

a) Forwards compatible from Rel-6: Rel-6 and Rel-7 terminals work with the enhancements i.e. network-only enhancements

b) Not forwards compatible from Rel-6 (respectively Rel-7): Rel-6 (respectively Rel-7) terminals do not work with the enhancements

· Support at minimum the same services as GAN in 3GPP Rel-6 and Rel-7; and

· Support existing QoS management as specified in 3GPP; and

· Minimize the impact on the Core Network.
	All GAN Enhancement proposals provide backwards compatibility.  Only Combined GANC/SGSN proposal is forward compatible.
All proposals support the same services and features as GAN in 3GPP Rel-6 and Rel-7 including 3GPP QoS management as a minimum. 
Combined GANC/SGSN does not change the existing CN nodes or interfaces.  It introduces additional existing CN interfaces to the GANC such as Gn and supports legacy Non-Access Stratum (NAS) and legacy Up-interface functions.  The Combined GANC/SGSN proposal:
· Requires no additional NAS functions (i.e. only legacy NAS functions are required).

· 
Enhanced Up does not change the existing CN nodes or interfaces.  It introduces additional existing CN interfaces to the GANC such as Gn and session management functions for mobile stations operating in eGAN mode. It also supports legacy Up-interface functions for mobile stations operating in legacy GAN mode.  Enhanced Up does not use GPRS to deliver PS domain services; the Enhanced Up emulates GPRS bearers with the IP-CAN to provide IP data connectivity between MS and core network.  For the Enhanced Up proposal:
· New Enhanced Up SM functions are required in the GANC (e.g. the reception of a Up Create PDP Context Request by an GANC shall trigger the creation of a MM context/PDP Context as per the reception of an Activate PDP Context Request by an SGSN and shall result in the GANC/proxy GGSN function sending a Create PDP Context Request to the GGSN).  Enhanced Up solution does not use session management for GPRS services and mobility management for GPRS services in eGAN mode
· 
· MO SMS always uses CS domain in eGAN mode.  No changes in GERAN, UTRAN or GAN mode. 

· Enhanced Up solution proposes to add additional DNS servers for network redundancy
GAN Iu-mode does not change the existing CN interfaces and it does not add any core network functions to the GANC.  It introduces additional existing interfaces to the GANC such as the Iu-cs, Iu-ps, Iu-bc, and Iu-pc.  The GAN Iu-mode supports services and functions hosted by 3G core networks in addition to 2G core networks.  e.g. AMR-WB with TrFO



	2.
	GAN Enhancements shall abide as per the unchanged GAN principle to keep the transparent support for any given service between UTRAN or GERAN, and GAN

· E.g. preserve the existing APN mechanism
	All solutions provide transparent support for any given service whether using UTRAN or GERAN, and GAN.  
For CS services, all solutions tunnel NAS protocols to provide transparent access to CS services via the A or Iu-CS interface.  GAN Iu-mode supports NAS tunnelling over the Iu-cs interface and Enhanced Up and Combined GANC/SGSN incorporate the concept of NAS tunnelling over the A interface. 
For PS services, GAN Iu-mode uses the NAS tunnelling technique over the Iu-ps interface to provide transparency to 2G and 3G GPRS services.  Combined GANC/SGSN incorporates the concept of NAS tunnelling as an internal mechanism within the GANC/SGSN node.
Enhanced Up uses its own session management protocol for PS service and mobility.  It achieves transparency by using the enhanced GANC to emulate necessary SGSN services. Seamless continuity of GSM/UMTS services is also provided by a new session/mobility management mechanism using simultaneous radios in connected mode.    The existing APN mechanisms in SGSN remain unchanged with the Enhanced Up solution but DNS re-configuration is required.
The Combined GANC/SGSN and GAN Iu-mode proposals support the existing APN mechanism and does not require the re-configuration the DNS for APN resolution.

	3.
	GAN Enhancements shall minimize the additional complexity on existing GANCs if applicable
	GANCs that support the proposed enhancements would be modified in all proposals. But existing GANCs need not be affected by any proposed solution if the existing GANC is not expected to support the enhancement proposals.
For Enhanced Up proposal, the GANC is enhanced to include overlaid GA-SM protocol (used only when the user is in eGAN mode), Session Management function and Proxy-Gn mobility function for PS domain.  Standardised interfaces that need to be additionally supported at the GANC are: Gn, Ga (CGF) and Ge (Camel). GA-SM protocol is a new protocol replacing the two protocols GA-PSR and 24.008 SM for the PS domain control plane, and the user plane is carried transparently over IETF GRE.
The Enhanced Up proposal:
1) Does not change anything in the CS domain (Up GA-CSR interface as well as A, Lb and Bc interfaces). 

2) Fully reuses all the authentication/security mechanisms and interfaces (Up, Wm). 

3) Fully reuses the discovery/registration mechanisms with only three additional parameters (UE capability, GANC capability, GA-SM address) in existing Up GA-RC messages. 

For the Combined GANC/SGSN proposal, the GANC is enhanced to include all the functions defined for SGSNs. Standardised interfaces that need to be additionally supported at the GANC are:  Gr, Gn, Ga, and Ge. No new protocol needs to be defined (i.e. the Up-interface part of the Combined GANC/SGSN is unchanged).  The Combined GANC/SGSN solution fully re-uses all existing GAN procedures.
1) The Combined GANC/SGSN is not complicated by the introduction of another set of RAN-CN interfaces.


For GAN Iu-mode proposal, the GANC is enhanced to provide the functions needed to support the RNC side of the Iu interface.  Standardised UTRAN interfaces that need to be additionally supported at the GANC are: Iu-cs, Iu-ps, Iu-bc, and Iu-pc. A new GA-RRC protocol is defined for a common CS and PS control plane protocol, replacing GA-CSR and GA-PSR, when the UE is using GAN Iu-mode. 
For the GAN Iu-mode proposal:
1) GAN Iu-mode GANCs performs a subset of RNC functions for Iu interfaces, Iu-bc, and Iu-pc.
2) GANC is not complicated by the introduction of SGSN equivalent CN functions (e.g. CAMEL support, billing interfaces, etc.)

	4.
	GAN Enhancements shall minimize the additional complexity on terminals (see case 1b above)
	The Combined GANC/SGSN proposal doesn’t impact the terminal implementation in any way.  All GAN capable terminals will gain from the optimization performed on the network side.
The Enhanced Up proposal adds 1) a GA-SM signalling protocol for EGAN mode only, on top of existing IPsec and UDP; 2) a Multi-Access Session Manager and EGAN access mode switch below Application IP layer and above NAS-layers, which does not impact existing SMREG-SAP interface. The MA-SM entity manages the SM and GA-SM sessions and makes the decisions to switch between these two sessions.  The Enhanced Up proposal has no impact to legacy NAS in non-EGAN mode and to legacy Access Stratum.
The GAN Iu-mode adds a new GA-RRC protocol which combines the functions of GA-CSR and GA-PSR protocols to follow the UTRAN RRC protocol model.  The GAN Iu-mode proposal supports the existing NAS functions.


	5.
	GAN Enhancements shall reduce the complexity for delivery of CS and PS services

· E.g. by reducing the number of functions and/or protocol overhead
	Both the Enhanced Up and the Combined GANC/SGSN proposals do not affect the CS services at all but do inherit any enhancements available on the A-interface.

The GAN Iu-mode supports the Iu-cs interface of the CN – UTRAN CS domain architecture which centralizes audio transcoding, supports TrFO for all codecs including AMR-WB, and supports the all-IP architecture with Iu over IP.
PS complexity is reduced in all proposals in different ways:

· For Enhanced Up, the number of nodes is reduced (hence eliminating Gb) and the control plane overhead is eliminated by reducing the number of signalling layers (NAS+LLC+GA-PSR+GA-RC are replaced by GA-SM).  The user plane overhead is also eliminated by reducing the number of user plane layers (SNDCP+LLC+GA-PSR are replaced by a tunneling protocol e.g. IETF GRE). Any redundant/unnecessary functions (e.g. authentication, ciphering, flow control, transport channel establishment, RAB assignment, etc.) are eliminated.  It eliminates the use of ATM by combining RAN and CN functions.  
· For Combined GANC/SGSN, the number of nodes is reduced and the complexity is reduced by eliminating the Gb interface. 
· For GAN Iu-mode, redundant/unnecessary functions in 2G-SGSN are eliminated (e.g. ciphering, flow control, etc.). The user plane overhead is reduced by removing  SNDCP/LLC layers.  GAN Iu-mode enables the use of 3G-SGSNs, the Rel. 7 3G-SGSN direct tunnel feature for the user plane when possible (main restrictions are Lawful Interception, SGSN volume charging and roaming in VPLMN per TS 23.060), and evolution to all-IP network (Iu over IP)
PDP context activation in GAN/EGAN mode requires different number of message exchanges for the different proposals:
· For Enhanced Up, the number of message exchanges for PDP activation is 4 after IPsec establishment/GAN registration.  GSM/UMTS security functions (authentication and security mode control) do not happen since it is already covered in by the IPsec tunnel and EAP-SIM authentication.   Note if there is a need to hand-out to GERAN/UTRAN, refer to discussion of Enhanced Up handover signalling in objective #10.
· For combined GANC/SGSN, the number of message exchanges for PDP activation is a maximum of 11 after IPsec establishment/GAN registration – the same number as GERAN PDP activation on GERAN to comply with TS 24.008 layer 3 core network protocol operations.  This includes the GSM/GPRS security functions.
· For GAN Iu-mode, the number of message exchanges for PDP activation is a maximum of 18 after IPsec establishment/GAN registration   – the same number as PDP activation on UTRAN to comply with TS 24.008 layer 3 core network protocol operations.  This includes the GSM/UMTS security functions.
Note:  When a PDP Context is activated in GAN/EGAN mode the corresponding PDP activation required for GERAN/UTRAN mode frequently occurs in the background (i.e. not in the real time path) for most use cases (e.g. for data session handover between GERAN/UTRAN and Wi-Fi) and so the number of messages exchanged does not necessarily affect the user experience. 


	6.
	GAN Enhancements shall reduce the user-plane latency for delivery of PS services

· E.g. by reducing number of functions / protocol overhead


	User-plane latency for delivery of PS services is reduced in all proposals in different ways:

The Enhanced Up proposal reduces the user-plane latency by: 

1) Minimizing the number of nodes (GANC is directly connected to GGSN),

2) Minimizing the number of user plane layers (SNDCP+LLC+GA-PSR are replaced by a tunneling protocol such as IETF GRE), hence reducing the total number of overhead octets in the user plane data packets.
3) It also eliminates the queues for flow control, SNDCP/LLC, XID negotiations and LLC en/decapsulation as well as processing delay for ciphering as GAN Iu-mode.

The Combined GANC/SGSN proposal reduces the user-plane latency by:

1) Minimizing the number of nodes (GANC is combined with 2G/3G SGSN and is directly connected to GGSN) and 
2) Removing the Gb-interface and all the related protocol layers (network services, BSSGP, and physical layer) and therefore the corresponding queues.
3) Configuring the LLC layer to disable ciphering and the SNDCP layer to disable compression while the MS is in GAN mode.
The GAN Iu-mode proposal reduces user-plane latency by eliminating 2G-SGSN functions:  
1) Queues for SNDCP/LLC processing, XID negotiations and LLC encapsulation/de-encapsulation. 
2) Queues for flow control, flow control architecture (BVC/PFC/CIR control), queues for supporting QoS-enabled packet forwarding 
3) Processing delay for ciphering


	7.
	GAN Enhancements shall be compatible / shall align with other 3GPP Core Network enhancements e.g. “one tunnel approach” for PS services
	All solutions are compatible with the 3GPP Core Network although using different interfaces to achieve this.  
The Enhanced Up and the Combined GANC/SGSN proposals support A and Gn interface to the Core Network. This provides the equivalent of the “one tunnel approach” between the GANC node and the GGSN.
The GAN Iu-mode proposal supports the Iu-CS and Iu-PS interface to the Core Network and as such supports the Rel. 7 “one tunnel approach.” 

All solutions will be able to align with 3GPP Core Network enhancements related to each solution’s chosen interface to the Core Network.

	8.
	GAN Enhancements shall overcome the limitations imposed by using the Gb interface
	All of the GAN Enhancement proposals remove the Gb interface to overcome the limitations imposed by that interface when using the GAN Enhancements.

	9.
	GAN Enhancements shall provide optimized support for operators using GSM-only, UMTS-only, or combined GSM/UMTS  networks

· E.g. no changes to existing core network nodes/interfaces

NOTE: The term GSM includes as well GPRS
	The GAN Enhancement proposals support the GSM-only, UMTS-only, and combined GSM/UMTS network types as follows:

Enhanced Up:   Use Dual-Mode CN products (ie. 2G/3G MSC) to support all three network types.

Combined GANC/SGSN:  Use Dual-Mode CN products (ie. 2G/3G MSC, 2G/3G GGSN) to support all three network types

GAN Iu-mode:  Add support for UMTS-only network type to GAN via the Iu interface on UMTS Core Networks. (GSM-only and combined GSM/UMTS networks are already supported by legacy GAN).

	10.
	GAN Enhancements shall provide seamless mobility for CS and seamless mobility for PS including PS conversational services
	Seamless mobility for CS and PS are supported by all proposals. 

Seamless PS mobility is supported in different ways for the solutions:

Enhanced Up supports a mobility mechanism using simultaneous radios for mobility in connected mode and IPsec tunneling for mobility in idle mode (no need for paging areas LA/RA concept). It also supports two parallel data flows over the GERAN/UTRAN and eGAN radio interfaces.  The switch between the flows is managed by the MS and the GANC. Maximum number of messages needed for GERAN/UTRAN to GAN or GAN to GERAN/UTRAN handover is 6.  GSM/UMTS security functions (authentication and security mode control) do not happen in eGAN mode since they are already covered by the IPsec tunnel and EAP-SIM authentication.    
In case the mobile is detached from GERAN/UTRAN (e.g. due to MS hibernation (see Note below) or loss of GERAN/UTRAN coverage while in EGAN), the maximum number of messages needed for hand-out to GERAN/UTRAN is 14, including GPRS attach procedure, security functions, and PDP context activation/modification procedures for the first PDP context and 2 additional messages for each additional PDP context.
Note: Hibernation mode is not currently defined for GAN terminal operation and so the reference to this mode here is merely intended to indicate than an MS operating in GAN mode is able to completely shut down its GERAN/UTRAN radio interface for an implementation specific period of time.
Combined GANC/SGSN supports GAN PS Handover based on GAN PS HO defined in Rel-7 (i.e. legacy approach of MM/PDP Context transfers is maintained to allow for knowledge of PDP Context activation in GAN mode to be kept in the serving network node regardless of MS mobility pattern). For UTRAN to GAN handover and GAN to UTRAN handover, it performs the inter-system, inter-SGSN/intra-SGSN HO.  The maximum number of messages needed for the handover is 23 – the same number as UTRAN-GERAN (or GERAN-UTRAN) handover to comply with TS 24.008 layer 3 core network protocol operation This includes the GSM/GPRS security functions.
GAN Iu-mode supports PS handover for UTRAN and treats GAN as a 3G RAN.  This means the “Support of Handover to GAN” feature in RNCs will not be required.  (work is in progress to attempt to remove the requirement for this feature for the legacy GAN solution as well but this is FFS).  For UTRAN to GAN handover and GAN to UTRAN handover, it performs the inter-system, inter-SGSN/intra-SGSN HO procedure.  The maximum number of messages needed for handover is 20 – the same number as UTRAN-UTRAN handover to comply with TS 24.008 layer 3 core network protocol operation.  This includes the GSM/UMTS security functions. 
Note:  the number of control plane messages required to perform the GERAN/UTRAN – GAN handover or GAN to GERAN/UTRAN handover procedures is not necessarily indicative of the user experience as measured by the duration of packet flow interruption.

	11
	GAN Enhancements shall minimize “Enhanced GAN mode” power consumption on handsets
	All of the GAN Enhancement proposals permit the support of hibernation mode (see Note in objective #10). 
Combined GANC/SGSN and GAN Iu-mode maintains active PDP contexts through GAN regardless of whether or not hibernation mode is used.  
When hibernation is used with Enhanced Up, PDP context activation via  GERAN/UTRAN may be lost.  In such case, Enhanced Up mode will perform PDP activation on GERAN/UTRAN for all active PDP contexts in eGAN to hand-out to GERAN/UTRAN mode.  See objective #10 for more details.


Proposal
The source companies propose that this table be inserted as Sub-clause 6.4 in the GAN Enhancements Technical Report.
