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1. Overall Description:

There is significant industry interest in the HNB concept.  The HNB concept for UMTS is being discussed in the RAN 4 Study Item called the RANFS-HNBeNB and for EPS as the HeNB.  However, there is no commonly understood description of the fundamental architecture of a Home Access Network and its interconnection to an existing UMTS system or future EPC.

This document introduces proposals to be considered for input to the evolving HNB architectural discussion and introduces the potential components and their inter-connection to the rest of the UMTS system in the context of a complete HNB Access System (HNB-AS).  As an introduction, the potential evolution of the Home NodeB-AN concept is illustrated in the following diagram, Figure 1. The contribution also proposes a new HNB system specific network entity between the HNB and its associated CN, called here, a HNB-Gateway, to handle the specific needs of connection of many HNBs to the CN.
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Figure 1: HNB and supporting evolutions in 3GPP from Rel-6 to Rel-8
The contribution is introduced to RAN3 as a RAN architecture extension proposal and subject to approval it is proposed that the text and diagrams form the basis of an input to the RANFS-HNBeNB Study Document TR 25.820.
2. Proposed Architecture and Nomenclature of a HNB AN

Figure 2 shows two ways to provide very small area coverage cells in UMTS.  One is with a traditional NodeB scaled down to “Femto” size to support a very small area cell and reporting to a conventional RNC.  The other approach is a more Home NodeB Tailored approach which may have elements of an RNC collapsed into it and connected to the CN with many other HNBs via a gateway tailored for this purpose.
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Figure 2: Proposed Access Network HNB Architecture
Collapsing RNC functionality into the HNB adds many advantages such as improved bearer control and enhanced mobility granularity.  However, the RNC-ID address even with range splitting does not address the fan-out likely to be required for home deployments, at least in the long run.

If we wish to fan-out to 10s or hundreds of thousands of RNCs from a CN node then we have a problem of scale at the RAN and a problem of mapping at the CN.  One obvious solution is to have an intermediate node or Gateway do the mapping say using SCTP address or TCP address to provide a substantially larger potential address space for HNB/RNC addressing and map the Iu connection ID towards the CN with the Gateway handling the RNC-ID/Iu connection ID binding to HNB mapping.

At present, RNCs are developed for a coverage which typically accommodates a few Location areas on a macro scale. This leads to issues of mobility signalling for a Home NodeB deployment for functions like paging, if 1000s of very small area NodeBs are connected to an RNC and the LAC needs to be paged. Potentially a large signalling load is generated over all of the NodeBs attached which is expensive over a low bandwidth transit network such as ADSL or Cable, whereas with simple Mobility mapping extensions this is not really necessary with a HNB and Gateway system and a mapping system at the Gateway.

It is also worth considering the OAM problem of configuring all of the usual OAM parameters associated with a NodeB, plus the transit network parameters required for a HNB in the same way as a conventional NodeB is managed.  Clearly this is cumbersome for a one Cell HNB which does not have the capacity and may not have the full capabilities of a complete NodeB.  A gateway could provide a more tailored OAM interface for the HNB whilst still presenting visibility of the HNBs northbound but with substantial options for filtering or being selective in degree of control for the HNB.

It is therefore recommended that we consider the introduction of a HNB gateway approach for collapsed or partially collapsed architecture HNB solutions that enable options for better Mobility, Fan-out and OAM for a Home NodeB Access Network than a conventional NodeB and RNC approach.
The following is therefore a proposed, description of the resulting HNB Access System:as follows (1-5): 

1) HNB Access Network: 
The full AN system would therefore comprise N x HNB and M x HNB-GW and is envisaged to provide the following:

a) Same NAS messaging procedures between the UE and CN as for established UMTS Macro system

b) Same types of services as established Macro network

c) Same established UMTS security techniques UEA, UIA. UE Authentication for HNB-AN as for established UMTS Macro system

d) Support of Direct Tunnel between HNB and GGSN

e) (optionally) Presentation of 3GPP compliant OAM parameters for HNB and HNB Gateway
2) HNB: 
The HNB has RF parameters and performance as per the HNB TR of RAN-4 currently under construction and contains part or all of the functionality normally associated with an RNC.  The HNB is envisaged as operating a standard Uu towards existing UMTS Mobiles and an interface towards the HNB gateway designated say Iu-h (Home)

3) HNB Gateway:
This is envisaged as a Network Element that connects with many HNBs in the southbound direction over a Iu-h and presents a standard Iu in the northbound direction towards an existing UMTS and supports the following basic functionality:

a) Supports an address Fan-out of substantially more than that of today’s RNC-ID and the extensions which map up to 64k, so the limit becomes only that of the southbound SCTP/TCP address space and the gateway mapping table.

b) Provides a mechanism to support other enhanced features for the HNB Access System such as coordinated clock sync distribution from the UMTS CN and/or other connected Transit Network towards the HNB including for example : the use of assisting IP based synchronisation techniques such as IEEE1588 and/or IETF NTP in standard or enhanced form.

c) Operates 2-way security authentication/ certification brokering between HNB and UMTS CN, potentially implementing 3GPP GAA principles for NE-NE Authentication

4) Iu-h: 
This interface is proposed to be introduced between the HNB and a HNB Gateway in order to standardise common features for a HNB access network and allow a common agreed transport for proprietary enhancements to allow for product differentiation.  Standardization would be FFS but the kind of basic principles envisaged are listed here for consideration:

a) This interface could be IP standardized in line with E-UTRAN IP based interfaces.

b) The Iu-h interface would need to enable transport of all information necessary to support HNB -AN operation and Interworking with a traditional CN such as normal operation of Radio Bearers at the HNB according to CN RAB requests, NAS relay etc.

c) It would be assumed that Relay of User Plane for CS and/or PS speech between the HNB and the HNB GW would be as defined for the IP based Iu today operating RTP/UDP/IP.and for the relay of User Plane PS data would be operated using GTP-U/UDP/IP transport.

d) It is further assumed that either SCTP or TCP would be adopted for signalling and control messaging between the HNB and the Gateway

e) Specific encryption protection should be provided for the Iu-h (e.g. IPsec)

f) IPsec would be assumed to be operated at the Network layer and optionally certain L4 transports may also require further security protection

g) The Iu-h interface would need to support UIA integrity checking between the HNB and the HNB-GW

5) OAM Requirements
The Following diagram illustrates an envisaged OAM architecture to support a HNB-AN , as follows:

Hm-1 is the envisaged OMC reference point between a HNB OMC server and the HNB Gateway with relay of HNB specific OAM information via an Hm-1b reference point which could be operated as one of the control plane sub-streams of the Iu-h interface.  Hm-1 and Hm-1b could be 3GPP based or Device Manager based such as operated with DSL/Cable systems.

Hm-2 is envisaged as a potential presentation of the HNB Access System data in 3GPP format to an existing 3GPP OMC system should this be seen as essential by operators if Hm-1/Hm1b are not 3GPP based

Hm-3 is proposed as a future evolution of the HNB Access Network system for coordination of OAM systems between Device management implementations of HNB-AN management systems and the traditional 3GPP OAM system.
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Figure 3: HNB Access System OAM Interfaces
3. Recommendations

It is recommended that text based on this contribution be prepared for inclusion in the TR 25.820.
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