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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76[1]. 
One of the objective is about Small Cell Support as follows:

A-4. 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]

RAN1#89 discussed NB-IoT small cell support and agreed that the number of repetitions in the DL and UL for small cells is not increased, which may imply a reduction in MCL for small cells compared to wide area basestation. A LS was sent to RAN4 (R1-1709870).
RAN2#99 discussed briefly small cell support in NB-IoT and agreed that CSG is not supported for NB-IoT in Rel-15. A LS was sent to R3, R4, R1 (R2-1709705).
RAN4#88 discussed RF requirements for small cell support and agreed on TX/RX requirements for micro cell and Pico cell BS.

In this document, we try to identify the RAN2 impact of small cells support in NB-IoT.
2 Discussions

Scenario
The WID does not provide any information about the targeted scenarios for small cells in NB-IoT.

In general, there are two main motivations for small cell deployment, coverage extension and traffic offloading/traffic hotspot. 
In our understanding, the goal in NB-IoT is coverage extension, e.g. provide services to all UEs even in deep basement and at the edge of the macro cell.

Issues related to small cell deployment and heterogeneous network 

Small cells and heterogeneous networks have been studied in the past in LTE and the main issues are related to UL interferences between macro cells and small cells, UL / DL imbalance in the small cell and mobility. 

· UL Interferences 

When small cells are deployed on the same frequency as the macro cell, UL interferences caused by UEs on the macro cell towards the small cell and vice versa need to be mitigated. This can be done, e.g. by adjusting the maximum transmit power of the UE via network configuration.  
Need for optimisation of the uplink power control for small cell is discussed in RAN1 and outside of RAN2 scope.
Observation 1: UL interferences can be mitigated by appropriate configuration parameters.
· UL/DL imbalance in the small cell
In a small cell, the BS power is lower than for a macro node while the maximum UE transmit power is unchanged, this results in a different coverage in UL and DL at the UE. This can be handled by the network by reducing the maximum UE transmit power and by adjusting the number of repetitions in UL.

Observation 2: UL / DL imbalance in the small cell can be handled by appropriate configuration parameters and scheduling.

· Small cell reselection 
In a small cell, the BS power is lower than a macro node, which may result in the best link in DL and in UL being different at the UE. Thus, the UE may never reselect to the small cell.
This can be handled by the cell range extension technique, where a cell specific offset is used to biase the UE towards the small cells. 

Observation 3: Cell specific offset can be used to compensate for the weaker DL link and biase the UE towards the small cells. 

· Need for mobility enhancements for small cells 

In Rel-12, a study followed by a work item on “HetNet mobility improvements for LTE” were agreed. The objectives of the WI were as follows [2]:
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments

· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 

· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks.  
· Enhancements to HO performance during long DRX with focus on improvements for HetNets

Objectives 1 and 4 are not applicable to NB-IoT as Handover is not supported. 
For objective 2, it was agreed in LTE, that, for idle mode mobility, this could be done by setting higher priority to the frequency layers where small cells were deployed. Similarly, in NB-IoT, this can be achieved by setting a higher frequency offset to frequencies where small cells are deployed. eNB can also push UEs towards these frequencies via redirection. 

Observation 4: If small cells are deployed on a dedicated or mixed frequency (e.g. PRB in Nb-IoT), q-OffsetFreq and redirection can be used to biase the UE towards this frequency. 

For objective 3, LTE agreed two enhancements, Fast RLF detection (T312) and context fetch at RLF. In NB-IoT, Mobility enhancements were discussed at large in Rel-14. It was agreed that there was no need to improve the interruption time (e.g. Fast RLF in LTE) and RLF recovery was enhanced by introducing RRC Connection re-establishment for the CP solution and context fetch for the user plane solution. 
Observation 5: There is no need for enhancements to mobility in hetnet scenario.
3 Conclusion 
In this contribution, we have discussed support of small cells from RAN2 points of view and made the following observations:
Observation 1: UL interferences can be mitigated by appropriate configuration parameters.
Observation 2: UL / DL imbalance in the small cell can be handled by appropriate configuration parameters and scheduling.

Observation 3: Cell specific offset can be used to compensate for the weaker DL link and biase the UE towards the small cells. 

Observation 4: If small cells are deployed on a dedicated or mixed frequency (e.g. PRB in NB-IoT), q-OffsetFreq and redirection can be used to biase the UE towards this frequency. 

Observation 5: There is no need for enhancements to mobility in hetnet scenario.
Based on these observations, we propose RAN2 to conclude that there is no RAN2 impact for small cell support in NB-IoT.

Proposal: There is no RAN2 impact for small cell support in NB-IoT.
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