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1
Introduction
In RAN#75, a new work item [1] on further NB-IoT enhancements was approved. This work item includes the support of small cells. In the MTC study in Rel-12, the use of small cells to enhance coverage and capacity was studied [2, Clause 9.4.5], and it was concluded that decoupled UL/DL association is be suitable for IoT applications. In this contribution, we present our views on small cell introduction for NB-IoT and potential enhancements to increase coverage and capacity in these deployments by resorting to decoupled UL/DL association. 
2
Enhancement to Small Cells for NB-IoT
2.1
Design Considerations
In order to leverage the existing infrastructure as much as possible, one design challenge is how to optimally associate the NB-IoT users to the small cell or the macro cells. As our system evaluations in [2] show, even with small cell deployment, the link budget gain is limited if we don’t consider some specific enhancements. The reason is illustrated in Figure 2, where transmission power and antenna gain differences are shown between Macro andsmall cells. If the small cells are randomly deployed, most UEs will still associate with strongest DL cell, which would be the macro-cell. 
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Figure 2. Small Cell Enhancements for NB-IoT
We consider the following techniques to address the NB-IoT coverage with small cell deployment by exploiting delay tolerance of IoT traffic:
1. Decoupled DL and UL association for UL coverage enhancements:

a.  
When small cells are deployed, the path loss from the NB-IoT device to the closest cell is reduced. As a result, the required link budget is reduced for all the channels if it is served by the closest cell. 

b. But with the best DL association, in most of the coverage area, the NB-IoT UE still associates with the Macro cell due to the large power imbalance and antenna gain difference between the Macro and small cell. 

c.  
From the coverage enhancement point of view, the ideal association would be:

i. DL association with the strongest cell

ii. UL association with the cell with the least path loss

d. This DL and UL decoupled operation may not be feasible for a service with tight delay requirement, but can be designed for most cases of NB-IoT traffic. 

Observation 1:

·    Due to the large power imbalance and antenna gain difference, even if small cells are deployed, most of the NB-IoT UEs would still associate with Macro cell on the DL instead of the closest cell. So the link budget gain is limited, especially for the uplink.
· From the coverage enhancement point of view, the ideal association would be:

· DL association with the strongest cell

· UL association with the cell with the least path loss

2.2
Decoupled DL-UL Operation

Figure 3 shows the decoupled operation of NB-IoT, where UL is served by the closest node, and DL is served by the strongest node. All DL and UL configuration and scheduling information is signalled from the DL serving cell to the NB-IoT UE, while uplink transmissions are received by the UL serving cell. Such operation can be transparent to NB-IoT devices as well as the core network. Backhaul information exchange between small and Macro cell is required for such an operation. Since NB-IoT traffic is delay tolerant, and also the HARQ timeline is relaxed with respect to LTE, there is no requirement for fast backhaul connection between the Macro and small cells. 

For severely coverage limited NB-IoT devices, even the initial NPRACH may be detected by the closest small cell, but not by the Macro cell, so the decoupled operation needs to be able to support the RACH procedure. 
Observation 2:

· The NB-IoT traffic and HARQ timeline make decoupled UL/DL operation much more practical than for LTE small cells. 
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Figure 3 Decoupled DL-UL Operation for NB-IoT
As shown in [2], comparing the regular best DL association vs. decoupled DL and UL association, there is ~10 dB link budget gain on the UL by randomly placing the small cells.   
In addition, the link budget gain also directly benefits power consumption from the UE. This is important especially for IoT applications in which the device is battery operated. So even in deployment areas where there is no coverage limitation, small cell with decoupled operation can reduce the power consumption of NB-IoT devices. 
In view of these gains and the observations above, we make the following proposals:

Proposal 1: From RAN1 perspective, it is beneficial to have decoupled UL/DL operation for NB-IoT small cells.

Proposal 2: Send an LS to RAN2/RAN3 inquiring whether decoupled UL/DL is feasible from a RAN2/RAN3 perspective.

4
Summary of proposals
Observation 1:

·    Due to the large power imbalance and antenna gain difference, even if small cells are deployed, most of the NB-IoT UEs would still associate with Macro cell on the DL instead of the closest cell. So the link budget gain is limited, especially for the uplink.

· From the coverage enhancement point of view, the ideal association would be:

· DL association with the strongest cell

· UL association with the cell with the least path loss
Observation 2:

· The NB-IoT traffic and HARQ timeline make decoupled UL/DL operation much more practical than for LTE small cells. 
Proposal 1: From RAN1 perspective, it is beneficial to have decoupled UL/DL operation for NB-IoT small cells.

Proposal 2: Send an LS to RAN2/RAN3 inquiring whether decoupled UL/DL is feasible from a RAN2/RAN3 perspective.
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