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1
Introduction
In Rel-15, further enhancement for NB-IoT work item (WI) [1] was approved. One of the work items is related to NB-IoT small cell support as cited below:

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 would like to further analysis the potential of small cell support and deployment.
2
Discussion
Telekom Malaysia has started to conduct the NB-IoT field trial since end of September 2017. The NB-IoT deployment is operated at LTE band 5 (850MHz) using in-band operation mode with 5MHz channel bandwidth. We have faced the coverage issue for our basement multi-level smart parking system using NB-IoT macro-cell. The macro-cell could not satisfy 100% coverage service that we anticipated. The interim solution is to deploy the repeaters to fill in the coverage hole. However, we have also faced the capacity issue due to the massive number of parking sensors need to be deployed per floor (estimated to be 600 units per floor). Thus, to solve the capacity issue, the guard band operation mode is proposed as one of our alternatives. However, the +6dB minimum power boosting requirement for 5MHz guard band operation mode is not required [2]. This could restrict the coverage of NB-IoT deployment and the extended coverage of 164dB Maximum Coupling Loss (MCL) may no longer achievable. As illustrated in Figure 1, it is easier for us to scale our capacity and coverage of NB-IoT network using small cell technology. Other types of NB-IoT sensor installed at the basement, such as smart utilities and smart meters, can also be beneficial with this technique.
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Figure 1: Example of Small Cells Deployment for Basement Parking
Observation 1: Small cell deployment not only able to solve the extended coverage issue but also able to solve the capacity problem for NB-IoT in-band operation mode for 5MHz channel bandwidth. 
However, due to the imbalance between UL and DL in small cell, the MCL of 164 dB can no longer be met by the small cell. [3][4] has proposed that decoupling UL and DL allowing the NB-IoT UE to associate with the strongest cell (macro cell) for DL and with the least path loss cell (small cell) for UL. NB-IoT UE with tolerant delay traffic of up to 10 seconds latency [5] makes this solution practical since requirement for fast backhaul connectivity between small cell and macro is not necessary. The feasibility of this approach from RAN3 perspective has been submitted [6]. [7] has observed that this issue can be mitigated using O&M efforts by adjusting network configuration parameters and scheduling. [8] has proposed full functional small cell with modification of the procedures of cell selection considering the path loss value in architecture 1. However, we believe that some sort of coordination between the small cells and the macro cell could reduce O&M (Operation and Maintenance) efforts from the operators. Besides, a full functional small cell should be de-prioritized and only to be deployed at cell-edge area to reduce the network complexity and cost of NB-IoT deployment.  

Observation 2: Some sort of coordination between NB-IoT small cells and macro-cell could reduce O&M efforts required to solve the UL/DL imbalance and also minimize the cost and complexity of NB-IoT deployment.

The architecture 2 proposed in [8] has assumption that both anchor and non-anchor cells have NRS signal transmission, and then the UE can do measurement on both anchor and non-anchor cells for cell selection. Anchor cell is usually macro-cell and non-anchor cells are usually small cells. However, the densification of NB-IoT small cells deployment may cause the occurrence of excessive UE measurement and subsequently increasing the energy consumption of NB-IoT UE. Besides, small cell is easy to be installed and removed and thus, the network topology may change more frequent than macro-cell deployment. Although Rel-15 does introduce relaxed monitoring for cell reselection [9] applying a slow time scale for stationary NB-IoT UE measurement, the frequent change of NB-IoT network topology may still force NB-IoT UE to perform cell reselection and subsequently consuming more energy.
Observation 3: Deploying small cell with UL/DL operation may force NB-IoT UE to perform cell reselection and thus consuming more energy due to frequent change of NB-IoT network topology.
Most of application designed for the NB-IoT is based on the mobile originating (MO) data supporting Cellular IoT (CIOT) Control Plane (CP) or User Plane (UP) optimization. As proposed in architecture 3 in [8], we do see the benefits of reconfigure the UE’s UL transmission to the small cell during or after the random access procedure. However, a more preferable approach is to do that during random access procedure and not through MSG4. The newly proposed early data transmission (EDT) for NB-IoT has UL data transmission as early as MSG3 [10]. Thus, reconfigure the UE’s UL data transmission after the random access procedure seems to be meaningless. Thus, a better approach is that the macro-cell signals the RACH configuration to a group of potential small cells for RACH detection. Random Access Response (RAR) reporting are signaled back by a group of small cells that able to detect the RAR from the NB-IoT UE to the macro cell. The macro cell may then decide a suitable small cell for UL operation. 
Observation 4: UL data transmission may occur as early as MSG3 for NB-IoT EDT therefore UL operation for small cell after random access procedure may not bring any additional benefits. 
Based on our observation, we suggest that the NB-IoT small cell deployment should consider whether the small cell is overlapped with the macro-cell. If the small cell’s coverage is overlapped with the macro-cell, the small cell only needs to perform UL operation. If the small cell is deployed within the cell edge or out-of-coverage of the macro-cell, then it can operate as full functional eNB with UL/DL operation. The X2 interface is used to transfer the required signaling parameters to allow the coordination of macro-cell and small-cell to support this architecture. This is illustrated in Figure 2. We suggest that we further discuss the feasibility of this architecture that has minimal impact on the UE implementation. Minimal impact on UE implementation is crucial for operators that have deployed the NB-IoT sensors and at the same time, would like to deploy small cell to expand the coverage of NB-IoT service in extreme coverage area, such as basement or underground. 
Proposal 1: We suggest adopting the architecture that maximizes the benefits of coverage expansion using NB-IoT small cell but with minimal impact on UE implementation.

3
Conclusions

In this contribution, we have provided our observations on NB-IoT small cell support as follow:
Observation 1: Small cell deployment not only able to solve the extended coverage issue but also able to solve the capacity problem for NB-IoT in-band operation mode for 5MHz channel bandwidth. 
Observation 2: Some sort of coordination between NB-IoT small cells and macro-cell could reduce O&M efforts required to solve the UL/DL imbalance and also minimize the cost and complexity of NB-IoT deployment.
Observation 3: Deploying small cell with UL/DL operation may force NB-IoT UE to perform cell reselection and thus consuming more energy due to frequent change of NB-IoT network topology.
Observation 4: UL data transmission may occur as early as MSG3 for NB-IoT EDT therefore UL operation for small cell after random access procedure may not bring any additional benefits. 

Based on our analyses, we have summarized our proposal as follow: 

Proposal 1: We suggest adopting the architecture that maximizes the benefits of coverage expansion using NB-IoT small cell but with minimal impact on UE implementation.
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Figure 2: Architecture with Small Cell supporting UL Operation only and both UL/DL Operation
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