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1
Introduction
The study item [1] has been agreed on the challenges posed by the need of dense deployment of small cells to match the dramatic explosion of data traffic.

At first, the Rel-12 SCE high layer study item (see TR 36.842 sub-clause 5), describes increased signalling load (e.g., to CN) due to frequent handover. The UE specific signalling load issue may become worse if the deployment of small cell eNBs is dense. 
The approach of split-bearer specified for dual connectivity (DC) can reduce the signalling load because the DC UE can benefit from the throughput offered by a small cell at higher frequency without performing handover and associated CN signalling. However this enhancement doesn’t apply for single connectivity UEs.

While single connectivity UEs cannot benefit from dual connectivity enhancements, they could however benefit from the deployment of eNBs of multiple cells with restricted access mode as explained in this paper.

2
Description
Typical scenarios involved by the densification of small cells are the coverage of campus or enterprises. 

In such scenarios, like for dual connectivity, the same challenge appears for the operator which is to deliver the highest throughput to any UE while minimizing the number of handovers. 
Over such areas, it is typically necessary to enable restricted access to cells which currently means deployments of HeNBs. Assuming the coverage is already ensured, the increase of data capacity therefore translates into the need to increase the numbers of HeNBs to be deployed which automatically translates into increasing the number of S1 connections, S1 signalling load and handovers in the area.
Allowing eNBs of multiple cells with restricted access mode (hybrid, closed) would thus solve for single connectivity UEs the same two problems that dual connectivity solved for dual connectivity UEs:

· Reduce the number of nodes to be deployed and therefore at the same time the number of S1 connections, S1 signalling load and handovers.  For example, to move from one cell to the other an intra eNB handover could be done instead of current inter-HeNB handover (thus avoiding signalling with the EPC).
· Offer higher throughput to the end user by using carrier aggregation (CA) between component carriers of that eNB. The use of CA opens the possibility to aggregate resources for single connectivity UEs like dual connectivity does for dual connectivity UEs.

Two solutions at least can be envisioned to enable eNBs of multiple cells with restricted access mode:
 1/ extend the current scope of single-cell HeNBs into multiple cells HeNBs

2/ enable restricted access mode for eNB cells (today open mode).
3
Conclusion
This paper has analysed the challenge of dense deployment of small cells over restricted access mode zones such as campus or enterprises.

It has been shown that one solution in line with the Study Item goal of reducing the connectivity and signalling load with the EPC is to allow, in release 13 specifications, the support of eNBs of multiple cells with restricted access mode.

Two potential solutions have been described in this paper.

It is proposed to agree the text proposal in the following annex to be captured as scenario/solutions for this study item.
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4
Dense small cell scenarios
The dense deployment scenarios as described in TR36.872 [3] are the reference for this study.
4.1
Scenarios related to scenario 3 of [3]
4.1.1
Deployment of eNBs of multiple cells with restricted cell access mode 
In the context of scenario 3 of [3] with no macro cell, densification of small eNBs is realized in campus and enterprise deployments which require specific handling related to restricted cell access mode (hybrid, closed).
Over such areas, it is necessary to enable restricted access which currently means deployments of HeNBs. Assuming the coverage is already ensured, the increase of data capacity therefore directly translates into the need to increase the numbers of HeNBs to be deployed which automatically translates into increasing the number of S1 connections, S1 signalling load and handovers.

Allowing eNBs of multiple cells with restricted access mode (hybrid, closed) would thus solve for single connectivity UEs the same two problems that dual connectivity solved for dual connectivity UEs:

· Reduce the number of nodes to be deployed and therefore at the same time the number of S1 connections, S1 signalling load and handovers.  For example, to move from one cell to the other an intra eNB handover could be done instead of current inter-HeNB handover (thus avoiding signalling with the EPC).

· Offer higher throughput to the end user by using carrier aggregation (CA) between component carriers of that eNB. The use of CA opens the possibility to aggregate resources for single connectivity UEs like dual connectivity does for dual connectivity UEs.

4.1.1.2
Solution 1
In the context of [1] it is proposed in release 13 to introduce the support of restricted cell access mode (hybrid and closed) for eNBs. 

Specifications impacted are TS 36.401, TS 36.300, TS 36.423 and TS 36.413.

4.1.1.3
Solution 2
In the context of [1] it is proposed in release 13 to extend the current scope of single-cell HeNBs into the support  of multiple-cells HeNBs.  

Specifications impacted are TS 36.401, TS 36.300, TS 36.423 and TS 36.413.

