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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.

As part of the challenges, the Study Item mentions the following:
· Each  eNB needs a S1 interface to a MME, Non-UE associated signalling (e.g., paging etc) may increase in case of dense deployment of eNBs.  From the Core Network perspective, the MME may need to increase the paging capacity of the network in order to not impact paging performance for mobile-terminated normal user traffic, e.g. mobile-terminated VoLTE
This paper analyses the potential issues related to the above points.
2
Description
The support of dense deployment of small cells leads to challenges both in terms of non UE-associated signalling and UE-associated signalling.
Non UE-associated signalling Challenges
Non UE-associated signalling is related to the number of supported cells and eNBs. Messages involved with non UE-associated signalling comprise PWS messages, Overload messages, S1 setup/configuration update messages, paging, etc…
However it should be noted that non UE-associated messages have always been considered as a small fraction of messages that an MME has to handle. Because the dense small cell deployment is due to more traffic, it can be assumed that the MME capacity would have been increased to cope with such more traffic so that even if the number of small cells has increased the proportion of non UE-associated signalling compared to UE-associated signalling would NOT increase in the end for an MME. And from the small cell perspective, each individual small cell should see the same number of messages as before: there is no reason of increase.
With regards to the paging capacity, the number of paging actions for a given list of TAs certainly depends on the number of UEs located under this list of TAs but not on the number of eNBs. So 
· from the small cell eNB perspective again, even if it receives a paging destined to a UE which is located in another small cell eNB, and even if the number of small cells eNBs has globally much increased, that small cell will not see more paging messages than before the densification.
· from the MME perspective, it is true that the MME will have to generate more paging messages due to the densification of small cells eNBs than before for a same number of UEs in a same list of TAs. However that aspect is already being considered by SA2. In particular SA2 is optimizing the paging area in release 13 to take especially into account paging of M2M devices, the frequency bands supported by the UE, the slow moving UEs, etc... The main remaining challenge in the MME is to maintain a context for each paging action waiting for the paging response but again, this does not scale with the number of small cells because only a given UE will anyway answer the paging in one eNB only, the one where it is located.

As a conclusion, the dense small cell deployment does not seem to imply novel issues.

Conclusion 1: densification by small cells doesn’t seem to create new specific issues for non UE-associated messages.

UE-associated signalling

Dense deployment of small cells eNBs will certainly much increase the number of S1 interfaces to be supported by an MME.

From the small cell eNB perspective, again, this does not seem to create a specific issue. Indeed, even if the pool area is composed of many more eNBs, each eNB still has only one S1 interface to each MME of the pool. Even considering an increase of the number of MMEs in the pool to tackle the more traffic, and even if this number doubles, this should not be an issue from the eNB perspective. Besides, similar consideration can be applied to X2 interface: the number of neighbours of an eNB does not depend on its size, so even if a small cell eNB could have more X2 neighbours there is no reason for this number of X2 neighbours to dramatically increase locally. In conclusion, no issue seems to be there.

From the MME perspective, the MME needs to maintain an SCTP state for each individual S1 interface and therefore for each individual small cell eNB wherever the small cell eNB is directly connected to the MME due to the one-to-one mapping. Therefore it is true to say that the S1 interface handling and the SCTP handling will directly scale with the number of deployed small eNBs if directly connected. However this scaling issue has already been managed in 3GPP standards when HeNBs were introduced and the solution used was the HeNB GW. One could argue that HeNB GW have been designed to cope with HeNBs only and this is true. So the only issue that could be concluded from that paragraph is the need to extend HeNB GW to also work with small cell eNBs and that would solve the issue. 

Issue 1: need to enhance LTE system to also connect HeNB GW to small cell eNBs.

Another challenge indirectly related to the dense deployment of small cells is the membership handling. Indeed, one of the scenario leading to dense deployment of small cells is in office buildings, campus, malls, enterprises, etc.. places where one is eager to manage different access rights for different users e.g. member of the office, student of the campus, etc.. Again while this is currently well managed via HeNBs, this cannot be managed for small cell eNBs because all cells are necessarily open in an eNB.

Issue 2: need to enhance LTE system to enable hybrid/closed cells in eNBs.

Conclusion: densification by small cells eNBs brings two challenges related to connecting small cell eNBs to HeNB GWs and enabling an access mode for the cells.

3
Conclusion
This paper has analysed the main challenges associated to the dense deployment of small cells eNBs.

It has concluded that current paging optimization in SA2 for release 13 should solve the challenge for non UE-associated signalling. For UE-associated signalling two main issues seem to be relevant to enable the densification by small cells and can be captured in the TP to be studied and solved:
Issue 1: need to enhance LTE system to also connect HeNB GW to small cells eNBs.

Issue 2: need to enhance LTE system to enable hybrid/closed cells in eNBs.

It is proposed that RAN3 discusses these conclusions and capture them in the study item.
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