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1 Introduction
Based on the RAN3#59 discussions related to the deployment of Home Nodes B in UTRAN, the following statement has been reported in TR 25.820 ([1]):

“Different deployment options based on Iu has also been discussed, all relying on an access concentrator or gateway between 3G Home NB and core network:

· GAN - based Home NB Gateway without impact on Iu specifications ([2]),

· Femto Gateway without impact on Iu specifications ([3]), 

· Iu - based Home NB Gateway ([4]) ”
This document compares these options, as well as the Iu-based option proposed in [5].

2 Discussion

2.1 GAN variant versus Iu-based variant
2.1.1 Overview of the GAN variant
In the current GAN definition, Iu mode, (see [7]), the GANC is connected to the CN at the Iu interface and connected to the MS at the Up interface (over an IP transport network). 


[image: image1]
Figure 1: GAN Architecture
At the Up interface:

· An MS Authentication procedure is supported and an IPSec tunnel provides ciphering and integrity protection.

· The GA-RC protocol manages the IP connection, supports the GANC Discovery and MS Registration procedures and supports the transmission of SMSCB messages to the registered MS.

· The GA-RRC protocol performs the functionalities equivalent to the RRC protocol.

The GAN variant described in [2] proposes to apply the Up interface between the HNB and the GANC. 
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Figure 2: UTRAN HNB Architecture - GAN variant
The GAN variant fulfils most of the HNB functionalities which answer the requirements recently defined by SA1 ([8]), i.e.:

F1
HNB RNC-ID handling

F2
HNB Authentication

F3
HNB Registration

F4
HNB Configuration, Reconfiguration and Control

F2 to F4 may be supported by applying to the HNB an enhancement of the GAN GA-RC mechanisms defined for the MS (see details in section 2.2.2). 

· The authentication mechanism needs to be validated by SA3. 

· The (re)configuration part of the registration mechanisms may need to be studied by/with SA5. 

· In the GA-RC signalling supporting the Discovery and Registration procedures, the semantics description of some of the mandatory IEs needs to be updated, e.g. 

· The IMSI IE may not be useful. 

Reference [2] section 2.4 proposes to “Extend GA-RC REGISTER REQUEST message with an additional IE to include HNB identity”.

· The GAN Release Indicator IE (may be inherited from the RRC AS Release Indicator IE) may not be needed in a RAN3 protocol.

· The CG and PS HO fields in the GAN Classmark IE may be meaningless.

· In the GA-RC signalling supporting the Registration procedure, IEs needs to be added, e.g. 

· Reference [2] section 2.4 proposes to “Update GAN Classmark IE with additional device types for HNB/HNB-UE and also an Emergency Call request flag”.

· A new IE should also provide the GANC with the HNB capabilities (e.g. maximum number of cells, maximum transmission power, supported RAT, RAT mode, frequency bands, security algorithms, detected neighbour cells…)

Such HNB or HeNB capabilities IE would not be applicable to the existing GAN modes but to new specific GAN “HNB-Iu” or “HeNB-S1” modes to be defined (the “HeNB-S1” mode being different from any “S1” mode that would allow an MS to access the EPC). In this case the GMSI field range needs to be extended.

The GA-RC REGISTER ACCEPT message should be extended to include some configuration parameters (e.g. providing the HNB with more than one cell identities, maximum allowed transmission power, providing more information to be broadcasted at the Uu interface in the GAN Control Channel Description IE). 

· A number of optional or conditional IEs are not applicable to the HNB, e.g. 

· The Registration Indicators or GAN PLMN List IE may not be needed (no HNB roaming, no PLMN selection).

· Other IEs used to configure the MS state, MS timers, GAN mode or MS radio interface procedures
F1 is supported as the GANC may be seen as an RNC from the CN. However, as GA-RRC protocol is designed to apply between a UE and the Network and not between two Network Nodes, the handling of quite a lot of RANAP procedures is not defined in the GAN Stage 2 specification [7] and the GANC interworking between these procedures and any existing GA-RC or GA-RRC procedures, or new procedures to be added and specified, needs to be studied (see section 2.2.3.1).

The UNI GA-RRC protocol being applied to a Network-to-Network interface (NNI) between the GANC and the HNB, a number of GA-RRC enhancements are required (see section 2.2.3.1). 

From a standardisation point of view, 
· The introduction of a new HNB node in GAN, providing an UTRA coverage, could be considered out of the GAN scope, where, according to [7]: “Both GAN modes are complements to traditional GSM/GPRS/UMTS radio access network coverage”;
· A new "Up mode" has to be introduced as the Up new messages and modified messages should not apply to GAN;

· This new Up messages are very much linked with Iu messages, and it means a modification of Up interface each time RANAP, SABP or PCAP are modified. It also means a complete new set of messages to specify for LTE. 

2.1.2 Overview of the Iu-based variantsThree Iu-based architecture options are considered in section 1:
· The “Iu-H” option described in [5].

· The “Iu” option described in [3].
In this solution it is proposed that the “home node B concentrator uses the same RANAP messages and signalling to home Node B and towards Core Network. No message conversion needed, which will increase the signalling processing efficiency of this network element… The user plane can be forwarded as such between home node B and core network, which as well will increase the efficiency of the Home node B concentrator”. 
The “Iu-H” option proposed in [5] applies the same principle. In addition, the “Iu-H” option proposes the introduction of the functionalities F2 to F4 listed above, but not considered in the “Iu” option.
· The “eIu” (enhanced Iu) option described in [4].

In this solution, “HNB GW connects multiple HNB via private interface, i.e. eIu, which is based on the current standardized Iu interface and allows for some enhancement to support the HNB working. Whether the interface will be open is FFS”.
The “Iu-H” option described in [5] proposes to standardize the eIu interface.
The following section considers that the “Iu” and the “eIu” options are in line with the “Iu-H” option, and therefore will only compare this “Iu-H” option to the GAN variant.
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Figure 6: UTRAN HNB Architecture - Iu-based variant
2.2 Comparison between GAN and Iu-based variants
2.2.1 Criteria
In a first step, it is proposed to study if and how the functionalities F1 to F4 listed in section 2.1.1 are implemented in each variant.

In a second step, it is proposed to study how the existing Up / Iu Application Part protocols proposed respectively in the GAN / Iu variants may be impacted by the HNB architecture, i.e. by the gateway functions specific to the handling of HNBs, and interworking with the Iu (CS, PS, BC domains) and Iupc (support to be confirmed) interfaces towards the CN.

2.2.2 Implementation of F1 to F4	Variant

Function
	GAN in [2]
	Iu-based in [5]

	HNB RNC-ID handling
	No change necessary.

The GANC acts as a virtual RNC towards the legacy CN and the SAS. 

RANAP not used between the HNB and the GANC.
	UTRAN function must be adapted.

The HNB GW (new logical node) may act as a virtual RNC towards the legacy CN. 

The HNB GW allocates a “local” RNC-ID to a connected HNB during the registration (mapped to the HNB-ID).

	
	Requirement for Iur support to be confirmed. The RNC-ID range may not be an issue if the Iur is not used towards macro RNC, i.e. only used to interconnect HNBs within a “campus” local area. If Iur is required, the HNB-GW would be a proxy-gateway for the Iur.
The inter-HNB mobility (requirement to be confirmed) is described in section 2.2.3.

	HNB Authentication
	No change is necessary (see note).

Solution based on EAP-SIM or EAP-AKA within IKEv2. 
	New feature in UTRAN, reusing GAN concept (see note).



	
	Note: Out of RAN3 scope. SA3 must be consulted on whether it is possible to have USIM without man-in-the-middle attacks or whether a secure chip would be needed.

	HNB Registration
	GAN function and Up interface must be adapted.
Discovery, Registration, Registration Update and De-registration solutions defined in GA-RC, to be enhanced to handle H(e)NB in addition to MS (details in section 2.1.1).
	New feature and interface in UTRAN reusing GAN concept.

New protocol HBS-AP, similar to the enhanced GA-RC, but which only handles H(e)NB.

	HNB Configuration, Reconfiguration and Control
	GAN fonction and Up interface must be adapted.

Registration, Registration Update and De-registration solutions defined in GA-RC, to be enhanced to handle H(e)NB in addition to MS (details in section 2.1.1). HNB Measurement reporting may be needed.
	New feature and interface in UTRAN reusing GAN concept.

New protocol HBS-AP, similar to the enhanced GA-RC, but which only handles H(e)NB. HNB Measurement reporting may be needed.


The new Rel-8 HNB requirements ([8]) being common for UTRAN and E-UTRAN, a common solution is preferred and requests the standardisation of a new “HNB-Iu” or “HeNB-S1” modes in the evolved GA-RC protocol as well as in the new HBS-AP protocol.

With regard to the support of the new HNB requirements, both GAN and Iu-based variants are equivalent as the Iu-based variant reuses the GAN concept, with the necessary adaptation for the handling of HNB instead of MS.

2.2.3 Iu interworking2.2.3.1 Iu-CS and Iu-PS (based on RANAP procedures)

In the GAN variant the GA-RRC messages are sent in a “connectionless mode”. All the GA-RC and GA-RRC messages are sent using the same TCP port. Most of the GA-RRC messages contain an IE indicating the applicable CN domain(s). Mechanisms may be needed to distinguish the “Iu signalling connections” related to different UEs for which an RRC connection is active in the HNB.
	Variant

Fonctionalities
	GAN in [2]
	Iu-based in [5]

	RAB Assignment
	[2] proposes to “Extend RAB Configuration attribute in GA-RRC ACTIVATE CHANNEL  and GA-RRC ACTIVATE CHANNEL ACK message to transparently relay radio attributes between HNB and CN via the HNB-GW” whereas most of them are already included in a non-transparent way in the RAB Configuration MIE defined in [6] (alternative values may be added). ARP, Service Handover, GTP and PDCP SN not included but may not be needed in the context of HNB (FFS).  
The message should be “connection-oriented” (i.e. signalling is needed to distinguish RABs allocated to different UEs).
The received messages are decoded and the IEs (that are not dropped in DL) are reformatted.
	The User Plane Information and Transport Layer Address IEs may not be transparent.

No changes to RANAP signalling.



	RAB Release Request
	The message should be “connection-oriented”.

The received message is decoded and the IEs are reformatted. The same cause value is reported at the Iu for all RABs.
	Message transparently relayed.

	Iu Release Request
	The message should be “connection-oriented”.

The received message is decoded and the IEs are reformatted. 
	Message transparently relayed.

	Iu Release
	The message should be “connection-oriented”.

The received messages are decoded and the IEs are reformatted. The same cause value is reported at the Iu for all RABs.

GTP SN not included but may not be needed in the context of HNB (FFS).
	Messages transparently relayed.

	Relocation Preparation
	[2] proposes to “Extend GA-RRC RELOCATION INFORMATION message to relay radio attributes between HNB and HNB-GW”. The solution may consist in adding most of the RANAP Source RNC to Target RNC Transparent Container IE into the GA-RRC message.

The selection of the integrity protection and ciphering algorithms in the GANC may need to be confirmed.

The message should be “connection-oriented”. 
The received message is decoded and the IEs are reformatted.
Intra-HNB-GW inter-HNB HO is FFS. Requirement for lossless relocation and delivery order in the HNB context to be confirmed.
	The Source ID and Target ID IEs may not be transparent.
Intra-HNB-GW inter-HNB HO is FFS.

	Relocation Resource Allocation
	Requirement to be confirmed (according to RAN2 WI in RP-080159).

	
	The GA-RRC RELOCATION REQUEST and RELOCATION REQUEST ACK may need some updates, similar to the updates listed for the RAB Assignment Security Mode Control and MBMS procedures.
	The User Plane Information and Transport Layer Address IEs may not be transparent.

No changes to RANAP signalling.

	Relocation Detect
	New message to be added to the Up interface
	Message transparently relayed.

	Relocation Complete
	The message should be “connection-oriented”.

The received message is decoded and the IEs are reformatted. 
	Message transparently relayed.

	Relocation Cancel
	New message to be added to the Up interface
	Message transparently relayed.

	SRNS Context Transfer
	New message needed (depending on RAN2 input)
	Message transparently relayed.

	SRNS Context Forwarding from Source to CN
	New message needed (depending on RAN2 input)
	Message transparently relayed.

	SRNS Context Forwarding from Target to CN
	New message needed (depending on RAN2 input)
	Message transparently relayed.

	Paging
	The RANAP DRX Cycle Length and IMSI IEs need to be added to the GA-RRC PAGING REQUEST message to monitor the PCCH.

The received message is decoded and the IEs (that are not dropped) are reformatted.
	No changes to RANAP signalling.

	Common ID
	New message to be added to the Up interface. 

Even if the RANAP Non Searching Indication IE is not needed in the context of HNB, paging coordination may be needed in the HNB. Therefore, a new connection-oriented message should be defined in GA-RRC.

The received message would be decoded and the IEs (that are not dropped) reformatted.
	Message transparently relayed.

	CN Invoke Trace
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	Security Mode Control
	The selection of the algorithms in the GANC may need to be confirmed.

The RANAP Integrity Protection Key, Encryption Key and Key Status IEs need to be added to the GA-RRC SECURITY MODE COMMAND message.

The use of the GA-RRC Random Number IE in the HNB context may not be needed.

The GA-RRC messages should be “connection-oriented”.

The received messages are decoded and the IEs (that are not dropped) are reformatted.
	Messages transparently relayed.

	Location Reporting Control
	The accuracy provided by the GA-RC protocol may not fulfil the HNB requirements (FFS). In such a case a new GA-RRC procedure will be needed.
	Message transparently relayed.

	Location Report
	The accuracy provided by the GA-RC protocol may not fulfil the HNB requirements (FFS). In such a case a new GA-RRC procedure will be needed.
	Message transparently relayed.

	Initial UE Message
	The GA-RRC message may need to be updated to include information (e.g. (P-)TMSI) to be used by the NNSF function in the HNB-GW (if requested).

The GA-RRC message should be “connection-oriented”.
The received message is decoded and the IEs (that are not dropped) are reformatted.
	The INITIAL UE MESSAGE may be updated to include the Temporary UE ID IE. 

The handling of the Global RNC-ID IE (and Extended RNC-ID IE) needs to be studied.

	Direct Transfer
	The RANAP SAPI IE may need to be added in the GA-RRC message (DL) for the SRB handling in the HNB.

The GA-RRC message should be “connection-oriented”.
The received message is decoded and the IEs (that are not dropped) are reformatted.
	Message transparently relayed.

	Overload Control
	New message to be added to the Up interface (GA-RC Register Reject Cause value “network congestion” may not be sufficient).
	No changes to RANAP signalling.

	Reset
	New message to be added to the Up interface (new GA-RC Register Reject Cause value may not be appropriate)
	No changes to RANAP signalling.

	Error Indication
	New GA-RC message to be added to the Up interface

The Criticality Diagnostics IE is optional in RANAP and may not be requested in the GA-RRC STATUS message in the HNB context.

Handling FFS in connection-oriented mode and DL connectionless mode. 
	Message transparently relayed in connection oriented mode and UL connectionless mode. 
FFS in DL connectionless mode

	CN Deactivate Trace
	New message to be added to the Up interface
	Message transparently relayed.

	Reset Resource
	New message to be added to the Up interface
	No changes to RANAP signalling.

	RAB Modification Request
	New message to be added to the Up interface.

May not be needed in the HNB context (to be confirmed)
	Message transparently relayed.

	Location Related Data
	New message to be added to the Up interface
May not be needed in the HNB context (to be confirmed)
	Message transparently relayed.

	Information Transfer
	New message to be added to the Up interface.

May not be needed in the HNB context (to be confirmed)
	No changes to RANAP signalling.

	UE Specific Information
	New message to be added to the Up interface.
	Message transparently relayed.

	Direct Information Transfer
	FFS
	FFS

	Uplink Information Exchange
	New message to be added to the Up interface.

May not be needed in the HNB context (to be confirmed)
	Message transparently relayed.

	MBMS Session Start
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS Session Update
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS Session Stop
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS UE Linking
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS Registration
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS CN De-Registration
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS RAB Establishment Indication
	New message to be added to the Up interface.
	No changes to RANAP signalling.

	MBMS RAB Release
	New message to be added to the Up interface.
	No changes to RANAP signalling.


2.2.3.2 Iu-BC (based on SABP procedures)

With the current GAN definition, the GA-RRC CELL BROADCAST INFO message allows the GANC to send an SMS-CB message to the registered MS. New procedures are needed to allow the GANC to provide the HNB with necessary information that will allow the HNB to handle the CTCH channels in all its controlled cells and then allow the UE under the HNB coverage to get the SMS-CB messages.
These procedures are defined in SABP.

2.2.3.3 Iupc 

FFS
2.3 Conclusion
The GAN variant proposes to reuse the Up UNI interface that what designed to provide an MS with an access to the Iu interface via an IP network. It proposes to reuse the full Up interface, including both 

· the authentication/registration functions and,
 

· the relaying of Iu CN messages.
Reusing the Up interface for the HNB deployment for the relaying of Iu CN messages may have the following drawbacks:

· The Up interface must be adapted to "emulate" an Iu interface as the HNB acts as a RNS
The Up is currently defined as a “radio” interface and is not a NNI interface but a UNI interface

· Functional gaps need further studies in several areas
· The HNB interworking between the Up and the Uu interfaces needs to be standardized (at stage 2 level)
· There is no mechanism for the Cell Broadcast Service messages scheduling in Up

· Multimedia Broadcast Multicast Service and LCS (Iupc relay, if required for HNB)
· Additional messages require translation than in classical GAN

· Transfer of ciphering/integrity keys/algorithms from the Core Network (Iu Security Mode Command)

· Iu common procedures such a RANAP Reset, Reset Resources, Overload Control, Location Report, Information Transfer, Uplink Information Exchange, Uplink Information Exchange 

· Additional processing required

· Requires routing by header lookup, deeper analysis & context management
· Message translation performed twice (Iu(Up in the Gateway and Up(Uu in the HNB)

· Additional message Latency due to required message processing

· Compute density issue at the Gateway and HNB nodes
· Stringent message/IE dependency between Iu and Up

· Higher complexity for making the standards evolve

· Any change in Iu may lead to a change in Up & conversely
· Need to specify a new set of Up procedures to support other interfaces in the future e.g. S1 for LTE/EPC

On the contrary, the HBS-AP proposed in the Iu based option reuses most of the concepts implemented in the GA-RC protocol proposed in the GAN variant, with minor adaptation. 

3 Proposal

It is proposed to discuss / review section 2 and report section 2.3 in the TR.
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