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Introduction
[bookmark: _Hlk486252391]In Rel-15, further enhancement for NB-IoT work item (WI) is agreed as a working agreement to further enhance the performance of NB-IoT in terms of further latency and power consumption reduction, improvement of measurement accuracy, enhancement of NPRACH reliability and range enhancement etc. [1]. Supporting for small cell of NB-IoT, i.e., microcell, picocell, and femtocell deployment, is a part of the WI as follows. 
NB-IoT small cell support
· Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].
· Appropriate eNB classes [RAN4]
· Support for closed subscriber group (CSG) functionality can be considered. [RAN2]

In RAN1#89, the following has been agreed [2], [3], [4], [5]:
Agreements:
· The number of repetitions in the DL and UL for small cells is not increased 
· NOTE: This may imply a reduction in MCL for small cells compared to wide area basestations.
· Inform RAN4 
· FFS other aspects of small cells to identify possible RAN1 impacts.

In this contribution, we further discuss the RAN2 impacts of NB-IoT small cells.
Discussion
[bookmark: _Ref473735777][bookmark: _Hlk486252418]Closed Subscriber Group configuration
[bookmark: _Hlk486252433]If CSG (Closed Subscriber Group) is supported in NB-IoT small cells, mechanism to maintain overall performance of RAN network and to avoid interference should be considered. CSG cells are deployed in an uncoordinated way, I.e. NB-IoT UE that is close to a small cell, but is forced to connect to a macro cell due to the fact that UE is not part of the small cell’s CSG. NB-IoT UE will end up causing significant interference to the small cell.

Closed Subscriber Group could potentially cause significant interference if NB-IoT UE is close to small cell but not configured to small cell’s CSG.

Deploying NB-IoT small cell on a dedicated NB-IoT carrier (single PRB) could be considered to reduce interference. From existing RAN network performance point of view, deploying NB-IoT cell on a dedicated carrier could help to avoid possible uplink interference caused by NB-IoT UEs not associated to CSG of adjacent small cell. Furthermore, the q-OffsetFreq could be used to bias UEs to the dedicated NB-IoT carrier.

[bookmark: _Hlk490205347]Small cells deployment on dedicated NB-IoT carrier can reduce interference.
In case CSG is introduced in NB_IoT then the UE that is a CSG member would need to search for CSG cells. The UE could support an autonomous search function for CSG where it tries to find previously visited CSG cells, taking into account a CSG whitelist provided by NAS layers. However, this would increase the UE power consumption to find CSG cells. Furthermore CSG-identity/indication may be needed in MIB/SIB1 to identify a CSG cell, and HNB-name is needed manual CSG selection.
[bookmark: _Hlk490205406]Search for CSG cells increases the UE power consumption
Proposal 1	Closed Subscriber Groups are not introduced for NB-IoT. 

Uplink/Downlink imbalance 
When small cells are deployed in existing RAN infrastructure, distance (path loss) between cells and NB-IoT UEs is reduced. As a serving cell for NB-IoT UE is selected based on the downlink measurements it may lead to the scenario where UE is associated to cell which is strongest in downlink but has more path loss in uplink compared to small cell located nearby. 

Such uplink/downlink imbalance scenario may occur when UEs located in region where high power macro eNB provides strongest signal in downlink, while small cell with lower path loss could provide reduced path loss in uplink. For uplink, the base station’s transmission power doesn’t make difference, as the UE has fixed maximum transmission power regardless of serving cell. 

[bookmark: _Hlk486251226]In intra-frequency scenario below, cellIndividualOffset could be used to bias the UEs in UL/DL imbalance region to select the small cell to camp on and by doing so reduce load on macro cells. The difference in UL/DL powers for these UEs can be compensated by smart selection of repetitions i.e. using less repetitions in uplink.
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Uplink/Downlink imbalance
[bookmark: _Hlk486252473][bookmark: _Hlk490035289]
[bookmark: _Hlk486252501][bookmark: _Hlk489864711]UL/DL imbalance for intra-frequency cells can be managed by currently specified network configuration parameters.
Conclusion
[bookmark: _Hlk490205498][bookmark: _Hlk490205705]We made the following observations:
Observation 1 	Closed Subscriber Group could potentially cause significant interference if NB-IoT UE is close to small cell but not configured to small cell’s CSG.
Observation 2	Small cells deployment on dedicated NB-IoT carrier can reduce interference.
Observation 3	Search for CSG cells increases the UE power consumption.
[bookmark: _GoBack]Observation 4	UL/DL imbalance can be managed by currently specified network configuration parameters.
We propose the following:
Proposal 1	Closed Subscriber Groups are not introduced for NB-IoT Small cells.
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