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1. Introduction
The SI [1] on Next Generation SON for UTRA and LTE includes some objectives for pre-Rel 12 small cells as follows::
· Identify any gaps between existing SON and further enhancements needed specifically for Small Cells 

· Reduce Network planning efforts for small cells 

· Enhance network optimization efforts including aspects like mobility robustness and load balancing(duplication with HetNET mobility enhancement WI should be avoided)
It is unclear whether any techniques identified during the study could be applied in Rel-12 to pre-Rel-12 small cells, since Rel-11 is functionally frozen, so the objectives defined in the SI may be related to considering aspects of SON missing in small cells Pre-release 12  not considered in the Rel-12 LTE Small Cell Study [2].

This paper therefore considers the UMTS aspects of SON for (pre) Rel-12 small cells.
2. Discussion
The term small cell, is currently not clearly defined within 3GPP and hence there is no definition of the architecture of UMTS small cells. 

Small Cells are considered for E-UTRA to be:

“Small cells using low power nodes are considered promising to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios. A low-power node generally means a node whose Tx power is lower than macro node and BS classes, for example Pico and Femto eNB are both applicable.” TR 36.932 [3]

So this description can equally be used for UMTS small cells.  Therefore it can be assumed that small cell deployments could use either the HNB architecture, the HSPA+ architecture or the macro architecture. 
If we look at the different architectures we can see how their existing SON facilities can be enhanced.

2.2 Small Cell Architecture

The basic architectures for the 3options is shown here for reference:

Macro Architecture







HSPA+ Architecture





HNB Architecture
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In considering these architectures, these aspects can be considered:

· What impact on the CN results from the number of small cells that are involved.

· How efficient are the mobility operations of the small cells both inter small cell and to macro

· Are there scaling issues for these architectures.

· How flexible for rapid, unplanned deployment. 

· Support of enterprise/ indoor and hybrid mode use.

· Open/multi-vendor support

CN Impact

The HNB architecture was introduced for just the reason that a large number of HNBs, which are RNCs cannot be supported on the UMTS CN. As small cells have a smaller cell size, it is reasonable to consider that this restriction is relevant to small cells both pico and femto, not just to femto residential HNBs. So this means that the macro and HNB architectures have no problem, as the RNC or the HNB-GW act as concentrators and allow the support of a large number of cells on one Iu connection. For HSPA+ architecture this could be a problem, as a large number of Iu connections will exist.  

Mobility operations

The Macro and HSPA+ architecture will use the legacy mobility procedures  and perhaps enhanced SRNS relocation to provide mobility via the CN for inter RNC SC to SC and SC to macro operations. For dense deployments of small cells, handovers could be frequent and this would impose a significant load on the UMTS CN. The HNB architecture provides an efficient HO operation with direct links for inter-HNB mobility on same HNB-GW.

Scaling Issues

The macro architecture may have no scaling issues as the RNC could be able to cope with a large number of SC node Bs, unless it was already full loaded with macro NodeBs.   For the HSPA+ architecture this could present a problem as to provide inter SC mobility (SHO or enhanced SRNS relocation) the use of the Iur would involve a large number of permanently set up Iur connections. For the HNB architecture, the HNB-GW is expected to deal with a large number of HNBs and the connections between them are dynamically setup and are allowed to be either direct or via the HNB-GW so allowing a very flexible and scaleable architecture for small cell use.

Flexibility for unplanned use
Both the macro and HSPA+ architecture are based on planned network approach, with little or no SON, and with using bespoke OAM to setup up and manage the links. This would make it difficult to deploy a network of small cells rapidly with these architectures, in addition both use vendor specific OAM so a mixed network would be much more difficult to support. For the HNB architecture, the basis of this was for unplanned deployments to enable support of residential use. A measure of SON is provided, and a standardised OAM to allow a multi-vendor environment to be easily managed. 

Support of enterprise/ indoor and hybrid mode use

The macro architecture does not support hybrid or closed CSG operation, as this is not supported over Iub. Although not considered in the original HSPA+ study [2], it is possible that a NodeB+ could operate in hybrid mode, with the appropriate extensions to provisioning needed to define the CSG IDs.  HNB architecture supports open, hybrid and closed modes.

Open/multi-vendor support
Both the macro and HSPA+ solutions would present solutions for multi-vendor support. The macro solution relies on bespoke OA&M for provisioning of the Node B, and Iub, although standardized, has rarely(if any) been used for multi-vendor Node B support without extensive IOT and modifications. 

SON enhancements

For HSPA+ and macro architectures there are no special considerations for small cells and whatever is provided for SON in the macro network would be applicable. However, no specific features to support small cell characteristics of flexible and unplanned deployments are provided, so SON enhancements related to these aspects cannot benefit these architectures.
Furthermore the OA&M will be operator specific (bespoke) for HSPA+ and macro architectures and no standardized solutions can apply to OA&M to support enhanced SON. 
For small cells based on HNB architecture, an existing basis of SON is defined with OA&M (via TR-069) and SON is supported in that the HNB architecture based small cell can already support small cell specific SON to, e.g. autonomously determine its surrounding radio environment and adjust operational parameters without the need for extensive network planning tools and support. This would hence be worth considering for further enhancement.
3
Conclusion

In considering the needs to further enhance SON for pre-rel-12 small cells on top of facilities already provided, some items worth considering related to HNB architecture are: 

1) Improve the reporting of neighbour cells (macro or pico/femto)

2) Improve interference management

3) Improve the positioning of small cell

4) Avoid the burden of LAC configuration (see R3-13024)
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