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1 Introduction

The deployment of Home NodeB (HNB) devices will diverge from the classical deployment of NodeBs to a considerable extent.  
NodeBs are deployed in a planned manner on pre-dimensioned backhaul networks with verified and reliable performances. On the contrary, HNBs will be deployed in an uncoordinated way and in very large numbers.  They will be connected to the PLMN via publicly available broadband connections with no performance guarantees and appropriate dimensioning.  Further, the HNBs will be installed and owned by the user, making security issues even more relevant due to higher threats of malicious access to the HNBs.

Finally, simplification of the HNB’s interface to the network and further reduction of functionalities to be supported allows to reduce costs in terms of the implementation of this consumer equipment.

This paper discusses possible architectural solutions to the problem of HNBs deployment in 3G networks. 
A first consideration is related to the interface that the NB terminates towards the PLMN’s network. Current 3GPP 3G specifications do offer different choices (Iub and Iu as in Rel’8), and it is recommended that RAN3 analyzes the convenience of considering a single one.

In addition, it needs to be discussed whether improving/adapting of a single of these interfaces for the purpose of HNBs’ support needs to be considered. 
As a second consideration, a new gateway node called HNB Gateway (GW) is introduced in order to reduce the scalability and backhaul performance problems caused by large-scale/uncoordinated deployment of HNBs and, potentially, support simplifications of the HNB’s interface.  The introduction of this node also goes in line with other relevant facts in the support of HNBs, such as the likely support at the GW of security procedures and so on ([R3-071647])
2 Discussion

2.1 Which interface between HNB and PLMN?

Current specifications leave the choice between two possible interface terminations at the HNB, either the Iub interface or else the Iu interface. Following reasons speak in favour of adopting and potentially extending the Iu interface for the purpose of HNBs, and against considering Iub any longer,
· Technical considerations such as presented in [R3-071949]
· Better capability of the Iu interface to adapt to deficient transport QoS conditions
· Better actual IOT (Inter-operability tests) conditions based on the existing experience
· Room for simplifications leading to cost-reduced HNBs
2.2 Problem Description and Proposed Solution
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Figure 1: RAN U-Plane Protocol Stack

Figure 1 above illustrates the U-Plane protocol stack for the legacy 3GPP network, assuming an ATM based Iub. 

This architecture manages delay and jitter over the Iub by introducing a Frame Protocol (FP) which includes control mechanisms for measuring the Iub delay and adjusting U-Plane buffering accordingly. The use of the AAL2 ATM convergence layer provides for a fine granularity of multiplexing which reduces the blocking probability to an individual user flow. Further the use of essentially high data rate links (E1 – 2 Mbps, STM-1 – 155 Mbps) also reduces delay and jitter.  

Residential broadband connections used to connect HNBs to the PLMN are unable to offer similar facilities and present a high risk of significant delay and jitter. In order to mitigate these effects a possible solution is that of exposing the U-Plane service level at the HNB. This allows services which are delay and jitter tolerant to operate, and removes the need to correct for delay and jitter. 

In practice this is achievable by locating MAC and RLC layers at the HNB. This is justified as the MAC provides the PHY layer adaptation and so has a real-time relationship with the PHY layer, and the RLC provides user buffering and so non-realtime behaviour will be visible above the RLC layer.

It is proposed that an Iu/IP interface is used to connect HNB and the PLMN, core network, eliminating the stringent delay and delay jitter requirements imposed by the Iub interface.

This would in addition imply that

· MAC and RLC are terminated at the HNB.

· U-Plane data for CS applications is transported via RTP over IP. 

· U-Plane data for PS applications is transported via UDP over IP.

Although the use of RTP mitigates the jitter for CS services, it cannot overcome the worst case delay across a broadband network. In existing broadband networks the worst case delay could easily exceed the desired maximum for CS Voice. In practice however it seems likely that the service will operate satisfactorily for most users most of the time – as evidenced by the uptake of best-effort VoIP services. 

Finally, It shall be noted that the Iu/IP interface is a well acknowledged, open and standardized interface, that is permanently the subject of Inter-operability tests, while this is not the case for the existing implementation of the Iub/IP interface.
2.3 Logical GW node considerations

In order to keep the legacy core network protected from both the sheer high number of Home eNBs and from potential extensions of the Iu interface (for the purpose of a better support of HNB devices), we have concluded that it is necessary to introduce a gateway between HNB and core network. It is proposed to call this Gateway a Home NB Gateway. The HNB GW would provide already supported interfaces towards the legacy core network. In this sense, the core network may see this HNB GW as a virtual RNC.

The availability of the HNB GW enables an extension of the Iu protocol stack that takes into account the specific HNB requirements. This extension could take into consideration the different rollout scenarios, such as the fact that e.g. HNB backhaul connectivity is based on DSL technologies.

2.4 Further Advantages of HNB GW deployment

Apart from the above mentioned advantages provided by the proposed architecture further benefits can be gained by deploying the HNB GW.

In the proposed architectural solution the PLMN interacts with the HNB GW as though it was an RNC. The generic IP access network provides connectivity between the HNB GW and the HNB. The HNB GW entity inter-works between the Iu-CS and Iu-PS interfaces and the Iu/IP access and it provides the following functionalities:
· Circuit switched services:

-
Mapping of user plane circuit switched user data between the Iu/IP interface and the Iu-CS interface

· Packet switched services:

-
Mapping of user plane packet switched user data between the Iu/IP interface and the Iu-PS interface

· Control plane functionality:

-
Security Gateway for the set-up of a secure tunnel in terms of IPsec transport and firewalling
-
HNB discovery support and default HNB GW assignment with HNB IP connectivity setup
-
HNB registration support including provision of HNB default configuration and possible redirection to a different serving HNB GW
-
Functionality providing support for paging and relocation/handover procedures

-
Transparent transfer of L3 messages (i.e., NAS protocols) between the UE and core network
Further considerations were made in [R3-071949] and are part of the GW considerations and justifications.
3 Conclusions

In line with the discussion above, and taking into account the prime 3GPP RAN3 concern to keep under control future extensions of the Iu interface within 3GPP RAN3, it is proposed that

Proposal 1: RAN3 acknowledges that it is reasonable to consider a single one of the currently existing interfaces terminating at the NB for its further analysis in the scope of work of HNBs, and reflects its conclusion in R3.020.
Proposal 2: RAN3 considers the Iu interface as preferred interface for the Home NBs, and captures this understanding in R3.020 to foster further work in studying consequences and potential extensions.

Proposal 3: RAN3 considers a Gateway between HNBs and core network and reflects it in R3.020 for the purpose of capturing the discussion on whether it is 3GPP relevant or not, in particular under the consideration of potential extensions on the Iu interface for the HNB.
Writing the proposed changes to R3.020 shall be the subject of a joint discussion in RAN3.
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