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1 Introduction

It is common understanding that deployment of HeNBs will have a considerable scalability impact on EPCs.  For this reason it has been proposed that a HeNB GW is deployed.  Deployment of such gateway was originally triggered by the following reasons:

· Have simplified SCTP connectivity towards the MME (single association, single stream, single IP address), 

· Easing connectivity to an MME pool by reducing the visibility of the pool at HeNB 

· Generally, allowing functionalities to shift from the HeNB to the HeNB GW in order to have simple and low cost HeNB devices

Moreover, given the progress in defining an architecture for 3G HNB deployments that is fully based on the presence of a HeNB GW, the architecture supporting LTE HeNBs shall also be specified keeping in mind the migration from 3G deployments to the LTE deployments.  One further reason for the HeNB GW deployment is therefore the following:
· Provide a migration path from 3G HNB deployments to LTE HeNB deployments

Under the above assumptions, it needs to be acknowledged that if scalability issues affecting the EPC need to be solved, if a simple low-cost implementation of HeNBs has to be achieved and if continuity from 3G HNB architectures to LTE HeNB architectures is envisaged, the presence of a HeNB GW shall be mandated.  

This paper presents an analysis of the HeNB deployment scenarios and proposes a robust and future proof architecture solution. 
2 Problem description and proposed solution

2.1 Importance of HeNB GW 

The deployment of the HeNB GW will allow to reduce the functionalities HeNBs need to support.  Indeed, by allowing a single interface between HeNB and HeNB GW the HeNB GW deployment prevents from the need of supporting NNSF, multihoming and multiple SCTP connection establishments at the HeNB.
Hence, the deployment of the HeNB GW allows for cheap HeNBs to be manufactured and deployed from “Day 1”. 

Specifying that the HeNB GW is an optional node would imply that HeNBs need to be manufactured with all the functionalities currently mandated for macro eNBs.  Indeed, HeNBs will need to be manufactured in order to cope with the situation where they interface to the EPC directly (without a HeNB GW), i.e. HeNBs will have to support all the functions currently mandated for a macro eNB.

The above will surely increase the complexity of HeNBs and therefore their cost, impacting on the business models behind such devices.

Further, it should be noted that the lack of a HeNB GW will force operators to perform considerable upgrades to their EPC, e.g. by enhancing the capacity of their MMEs or increasing the number of MMEs/S-GWs.  This process will be costly and inefficient, due to the native non-scalability of the HeNB GW-less deployment scenario (i.e. operators will need to upgrade the EPC again and again in case the number of HeNBs exceeded their expectations).  The deployment of a HeNB GW consists of a scalable solution that will prevent the EPC to undergo continuous complex and expensive updates. 

In addition to the above it needs to be mentioned that before rolling out the LTE HeNBs architecture, operators will roll out the 3G HNB network.  The 3G HNB roll out is fully based on the presence of a HNB GW, i.e. it is not possible in 3G networks to connect a HNB to the CN unless via a HNB GW.  
It is logical to assume that once the migration from 3G to LTE will occur, operators would want to keep their network layout and maintain their network planning as much as possible.  
If the LTE architecture supporting HeNBs is based on the presence of a HeNB GW it will be possible to maintain a network layout and network planning continuity between 3G and LTE home cell deployments. Some of the advantages operators will be able to achieve by defining the HeNB GW as an integral part of the LTE HeNB architecture are the following:
· Co-locate HNB GW and HeNB GW (these two nodes could coexist in a single box)
· Map location identifiers (RAI, LAI, TAI) to HNB GW and to HeNB GW in a consistent manner

· Address mobility and paging for 3G CSGs and LTE CSGs in a consistent way (via support of the HNB/HeNB GW) 

· Scale up only their HNB/HeNB GW site with the increase in number of HNBs/HeNBs, rather than scaling up their HNB GW site for 3G deployments and their CN for LTE deployments

· Deploy an architecture that can robustly support the deployment of dual mode home base stations, i.e. home base stations supporting both 3G and LTE radio access.  Note: if such dual mode devices are deployed and the supporting architecture is different for 3G and LTE, operators will end up with the same dual mode base station connecting to multiple nodes with different locations in the CN rather than to the same physical node.   
In summary:

( If a HeNB GW is specified as an integral part of the HeNB deployment it will be guaranteed that the EPC will be  masked from scalability problems and it will be possible to reduce the functionalities supported by HeNBs (hence its cost).


( If the HeNB GW is specified as an optional node in the HeNB deployment architecture the migration from the 3G HNB architecture to the LTE HeNB architecture will require a much heavier network replanning and network redimentioning.  In this scenario the 3G HNB network and the LTE HeNB networks will scale differently and will require different actions in case of rescaling.

( If the HeNB GW is specified as an optional node in the HeNB deployment architecture the roll out of dual mode, 3G/LTE, home base stations will be much more difficult.  In fact the dual mode BS will need to connect to multiple nodes with different locations in the CN.  This will increase the operational cost of managing such BSs.
3 Conclusions

This paper presented an analysis of different types of LTE HeNB deployments scenarios, namely with and without HeNB GW support.  

It was highlighted that a lack in specifying the HeNB GW as an integral part of the HeNB architecture would cause operators drawbacks such as lack of migration paths from 3G HNBs to LTE HeNBs, increase of operational costs due to different scaling properties of the 3G and LTE networks, increased cost of HeNB devices, increased risk of scalability problems for the LTE network.

It is proposed to discuss about the above issues and to agree on adopting the HeNB GW as a mandatory node for HeNB deployments. 
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