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Introduction
In 3GPP™ Work Item Description, R15 fNB-IoT WI, NB-IoT small cell support requirement was shown in [1]. 
	[bookmark: OLE_LINK2]NB-IoT small cell support
· [bookmark: OLE_LINK3]Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].
· Appropriate eNB classes [RAN4]
· [bookmark: OLE_LINK28]Support for closed subscriber group (CSG) functionality can be considered. [RAN2]
 



Here we analyze the possible network architectures to support CSG feature and the corresponding potential RAN3 impact.
Discussion
[bookmark: OLE_LINK22][bookmark: OLE_LINK35]In LTE, small cell was introduced in order to increase network capacity in HetNets with dual connection(DC). 1A and 3C DC architecture were finalized in R12. Considering the restriction of UL transmitting power of UE, small cell is proposed to expand the coverage for NB-IoT UE. There are two possible network architectures to support small cell feature for NB-IoT as listed as below. 

Architecture1: eNB (Small cell) connects with CN directly, similar like HeNB with CSG feature
[bookmark: OLE_LINK38][bookmark: OLE_LINK24][bookmark: OLE_LINK34]The eNB which small cell belongs to , connects with CN with S1 interface, shown in figure 1. In this architecture, as the result of the numerous small cells, the larger the number of small cell nodes connect to CN, the more heavier the signaling load of the connections between small cell and CN experienced. If this architecture is applied for NB-IoT supporting small cell with CSG feature, the legacy CSG related method for HeNB can be reused for NB-IoT, besides some additional NB-IoT only procedures, e.g., Suspend and Resume procedures. For example, during UP resume procedure, the CSG verification also needs to be executed. [image: ]
[bookmark: OLE_LINK21]Figure1: Micro cell connected with CN directly

[bookmark: OLE_LINK36]Proposal 1: For Architecture1: eNB (Small cell) connects with CN directly, similar like HeNB with CSG feature, the legacy CSG related method for HeNB can be reused for NB-IoT, besides some additional NB-IoT only procedures, e.g., Suspend and Resume procedures. 

Architecture2: eNB (Small cell) connects with CN via Macro eNB 
The eNB which small cell belongs to connects with CN via macro cell, shown in figure 2. In this architecture, the eNB (Small cell) only connects with macro eNB with direct interface between them. The role function of macro eNB needs to be explored in this new architecture. 

1) Macro eNB works as S1 proxy
If the Macro eNB works as S1 proxy, the S1 interface terminates in eNB (Small cell), all the S1-AP messages between eNB and CN will be transparently transmitted between MME and eNB through Macro eNB.
The legacy CSG related method for HeNB still can be reused for NB-IoT, besides some additional NB-IoT only procedures, e.g., Suspend and Resume procedures, in addition, MeNB needs to support S1 proxy feature.

2) Macro eNB works like DeNB, while eNB (Small cell) works like Relay node
R10 Relay feature needs to be supported, however, Relay can not support CSG feature since R10, if this architecture is selected, how to support CSG feature in Relay needs to be considered.



  [image: ]
[bookmark: OLE_LINK33][bookmark: OLE_LINK12]Figure2:Micro cell connected with CN via Macro cell

[bookmark: OLE_LINK37]Proposal 2: For Architecture2: eNB (Small cell) connects with CN via Macro eNB, there are two possible solutions analyzed as above.
Proposal3: RAN3 is kindly asked to discuss how to support CSG for NB-IoT, and select the proper solution.
Conclusion
Based on the analysis in this paper, we have the following proposals:
Proposal 1: For Architecture1: eNB (Small cell) connects with CN directly, similar like HeNB with CSG feature, the legacy CSG related method for HeNB can be reused for NB-IoT, besides some additional NB-IoT only procedures, e.g., Suspend and Resume procedures. 
Proposal 2: For Architecture2: eNB (Small cell) connects with CN via Macro eNB, there are two possible solutions analyzed as above.
Proposal3: RAN3 is kindly asked to discuss how to support CSG for NB-IoT, and select the proper solution.
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