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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [1]. One of the objective is further latency and power consumption reduction.
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 this contribution, we discuss the issue of small cell support for NB-IoT.
2 Discussion
In Rel-14 NB-IoT/eMTC , effort was made to ensure mainly two aspects of deployment. First, low cost, low complexity and low power consumption terminal. Second , coverage extension to facilitate the use-case of IoT deployment.  Specifically, as some MTC UEs are installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these UEs would experience significantly greater penetration losses on the radio interface than normal LTE devices. The MTC UEs in the extreme coverage scenario might have characteristics such as very low data rate, greater delay tolerance, and no mobility, and therefore some messages/channels may not be required.
In Rel-10, small cells using low power nodes are studied. Small cell is expected to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios. A low-power node generally means a node whose Tx power is lower than macro node and BS classes, for example Pico and Femto eNB are both applicable. Small cell enhancements focus on additional functionalities for enhanced performance in hotspot areas for indoor and outdoor using low power nodes, including spectrum efficiency improvement, discovery improvement. Therefore, at least from the design principle, small cells are targeting totally different application scenarios. Several scenarios were proposed and discussed, as shown below.
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Figure 1  Three small cell scenarios 
It remains to be seen the availability of small cell deployment for NB-IoT/eMTC applications. It would be more economical to deploy more NB-IoT/eMTC eNB to support wide coverage area, then to have more small cell deployment which is best for spectrum efficiency improvement.
Proposal 1:  NB-IoT small cell support should focus on minimal RAN4 requirement, as well as support for closed subscriber group (CSG) functionality in RAN2.
In area where existing small cell deployment overlap the NB-IoT deployment, small cell/LPN may be accessed for NB-IoT/eMTC devices. 
It had been proposed in previous RAN1 meeting that one way to utilize existing small deployment is to explore and utilize the  delay tolerance of MTC traffic, with so called decoupled DL and UL association for UL coverage enhancements and UE power consumption. When small cells are deployed, the path loss from the MTC device to the closest cell is reduced. As a result, the required link budget is reduced if it is served by the closest cell. But in cell range expansion region, UE may still associate with the strongest downlink cell, which may be Macro cell. The ideal association would be:

i. DL association with the strongest cell

ii. UL association with the least path loss

However, with the non-ideal backhaul assumption for all three small cell deployment scenario, further study is needed for such proposal. 

In fact, some issues may need to be solved before small cell can be utilized for MTC UEs. For example , since the Tx power of Macro and LPN are different, the DL boundary is not aligned with the UL boundary. At the DL boundary, both macro and small cell reach the UE with the same power, while at the UL boundary, the path loss to the macro and the small cell is the same. This is illustrated in the following figure.
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Figure 2 UL/DL imbalance
In LTE, Reference Signal Received Power-based (RSRP-based) cell selection is often used. In this scheme, UEs may connect to the macro cell even though the path loss to the pico is lower due to the power imbalance. As a result, this signal can easily be a strong interference to the small cell UE uplink signals, causing the consumption of the uplink budget of the small cell. Also , the pico cell size becomes relatively small compared to the macro cell size. To alleviate the situation , the concept of Cell Range Extension (CRE) often is used. With CRE, a terminal is associated to a pico eNB even if the pico cell RSRP biased by a cell specific offset (CSO) is below the macro cell RSRP. However, in small cell deployment when the macro and pico cells are operated on the same frequency, a UE connected to a pico cell with CRE may experience strong interference from the macro cell. In small cell study this is studied in the context of legacy terminal, however, further study is needed here for MTC UEs with coverage extension. For example, NPRACH/NPUSCH power interference from Macro UEs may need to be further studied. 
Proposal 2: FFS UL/DL link imbalance with small cell deployment.  
Proposal 3: FFS NPRACH/NPUSCH power interference.  
3 Conclusions
In this contribution, we have discussed the issue of small cell support  for NB-IoT. We make the following proposals:
Proposal 1:  NB-IoT small cell support should focus on minimal RAN4 requirement, as well as support for closed subscriber group (CSG) functionality in RAN2.
Proposal 2: FFS UL/DL link imbalance with small cell deployment.  
Proposal 3: FFS NPRACH/NPUSCH power interference.  
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