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1 Introduction

In Rel-15, further enhancement for NB-IoT work item (WI) 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 RAN1, there had some discussion and agreements for NB-IoT small cell support.

In RAN1#89 meeting, RAN1 had the following agreement that:
· 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 base stations.

· Inform RAN4 

· FFS other aspects of small cells to identify possible RAN1 impacts. 
In RAN1#92 [1], the following agreement was reached:

· FFS the needs of UL power control enhancement in NB-IoT small cell.

· RAN1 does not further study the following topics in NB-IoT small cell in Rel-15

· UL/DL decoupling
· Cell range expansion techniques with NB-IoT small cell
In RAN#100, we have first brought out the issues and the challenges that we are facing while deploying NB-IoT at LTE band 5 using 5MHz channel bandwidth for basement parking [4]. In this paper, we would like to further highlight the issue that we have observed on backhaul connectivity. The potential solutions for supporting small cell deployment in NB-IoT are proposed and proposal 2 has been added compared to R2-1712283.
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. Decoupling UL and DL allows 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 makes this solution practical since requirement for fast backhaul connectivity between small cell and macro cell is not necessary. The feasibility of this approach from RAN3 perspective has been submitted [3]. Further discussions on decoupling DL-UL operation in small cell deployment [4][5][6] have also been submitted to RAN2. The macro cell and the small cell could both have the same cell identity with the small cell could be configured with non-anchor PRB. The small cell can acquire the PRACH configuration that contains the RACH parameters and the position of PRACH resource from the macro cell via X2 interface. Subsequently, the small cell could then receive the Random Access Preamble (RAP) transmission from the NB-IoT UE and deliver its’ results to the macro cell. The specification impacts for the NB-IoT UE can be minimized using this method.   
Observation 2: Information exchange between NB-IoT small cells and macro-cell reduces Operation & Maintenance (O&M) efforts in solving the UL/DL imbalance and also minimizes the specification impacts on NB-IoT UE.
Proposal 1: Decoupling DL-UL operation in small cell deployment should be further discussed as one of the work items in NB-IoT Rel-16 and the solution with minimal impact on UE implementation should be prioritized.
However, the small cell deployment as illustrated in Figure 1 may still require additional physical wiring for backhaul connectivity, either as X2 interface or S1 interface. The coverage area for NB-IoT small cell is usually smaller than macro cell and thus, a significant number of NB-IoT small cells may be required to cover the desired area. At the same time, NB-IoT UEs only send small packet with infrequent interval. So, having the physical backhaul connectivity may seem over-provisioning in terms of throughput requirement. This is also not a cost effective approach for service operators since there is not many heavy bandwidth UEs in those areas. The backhaul connectivity issue may hinder the adoption of NB-IoT small cell. Thus, potential solution that utilizes wireless backhaul connectivity should be considered.
Observation 3: Wired backhaul connectivity for NB-IoT small cell may seem over-provisioning if NB-IoT UEs only sending small packet with infrequent interval. 
Relay node concept introduced in 3GPP Rel-10 can be utilized to support the small cell deployment by replacing the backhaul connectivity from wired to wireless. The small cell acting as a relay node appears as the UE for macro cell and at the same time, the small cell acting as a relay node appears as the eNB for NB-IoT UEs. Even by deploying the in-band or type 1 relay node whereby the carrier frequency used for the backhaul link and the access link is the same, this is sufficient for NB-IoT UEs that only utilize small fraction of bandwidth. The relay node concept has first proposed in RAN#76 [7] for NB-IoT small cell. On the other hand, multi-hop relay node has been proposed at RAN#79 [8]. We do see the potential of this solution to solve our cabling issue. As illustrated in Figure 2, the multi-hop relay can be deployed at the edge of macro cell and its backhaul connectivity is provided by another small cell within the coverage of macro cell. For small cells under the coverage of macro cell, a direct wireless link back to macro cell is available and should always be prioritized. To utilize the advantage of the least path loss for UL (small cell) and strong signal for DL (macro-cell), we should consider decoupling DL-UL operation for relay node especially if the relay node is able to support the X2-like interface.
Proposal 2: Relay node concept should be introduced as work item for NB-IoT Rel-16 with potential decoupling the DL and the UL operation.
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Figure 2: Small Cell Deployment with Relay Technique and DL-UL Decoupling
3 Conclusion

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: Information exchange between NB-IoT small cells and macro-cell reduces Operation & Maintenance (O&M) efforts in solving the UL/DL imbalance and also minimizes the specification impacts on NB-IoT UE.

Observation 3: Wired backhaul connectivity for NB-IoT small cell may seem over-provisioning if NB-IoT UEs only sending small packet with infrequent interval.
Based on our analyses, we have summarized our proposal as follow: 
Proposal 1: Decoupling DL-UL operation in small cell deployment should be further discussed as one of the work items in NB-IoT Rel-16 and the solution with minimal impact on UE implementation should be prioritized.

Proposal 2: Relay node concept should be introduced as work item for NB-IoT Rel-16 with potential decoupling the DL and the UL operation.
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