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1 Introduction

At the RAN #75 meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) has been set to a working agreement. One objective of the WI is to support NB-IoT in small cells [1]: 
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 support that may be needed for NB-IoT to be used in small cell deployments, and share our views on the potential solutions to optimize the performance, taking into account UE impact such as power consumption. 
2 Discussion on the potential optimizations for small cell support 
In small cell deployment, eNB has lower transmission power compared to macrocell scenario, and thus the DL coverage may be reduced. This may result in DL and UL coverage imbalance. 

In addition, in Rel-13 NB-IoT and Rel-14 eNB-IoT, UEs transmit at its maximum transmission power if repetitions are used for NPUSCH or NPRACH transmissions. The motivation is to minimize the number of time domain repetitions needed by the UE when in deep coverage. However, considering dense small cell deployments, transmissions using maximum transmission power from a cell edge UE that may need repetitions could cause increased inter-cell interference. However, as explained later, this could be the case mainly for outdoor UEs.
One potential solution to reduce the DL and UL coverage imbalance as well as inter-cell interference, is to introduce power control for UL transmission even when repetitions are used. However, with reduced transmission power, the number of repetitions may need to be increased to achieve the same coverage, resulting in prolonged latency. More importantly, applying power control to limit transmission power for UEs requiring coverage enhancement would significantly affect the UE’s battery life, due to the need for larger number of repetitions. Therefore, whether to apply power control for UEs requiring coverage enhancement and under what conditions needs to be careful consideration to minimize the impact on latency and UE power consumption. 

Observation 1

· Power control for UL transmission can help reduce DL and UL coverage imbalance and reduce inter-cell interference in dense small cell deployments.

· Applying power control for UEs requiring coverage enhancement prolongs the latency and reduces the UE’s battery life, due to increased number of repetitions to achieve the same coverage. 

Note that UEs in deep coverage, especially in small cell environments, are most likely to experience large coupling loss due to building penetration loss rather than path loss. Thus, these UEs will not contribute significantly to inter-cell interference when they transmit with their maximum transmission power. Motivated by this, it is desirable to not apply transmit power control for UEs in deep coverage even in dense small cell deployments. 

Observation 2
· UEs in deep coverage in small cell are most likely experiencing large coupling loss due to building penetration loss rather than path loss, and thus will not contribute significantly to inter-cell interference with their max transmission power.

For UEs not in deep coverage and requiring a few repetitions, open loop power control could be configured via higher layer signaling, if sufficient benefits are identified. The use of power control when transmitting with repetitions could be configured on a per-NPRACH resource set basis, or corresponding to the number of repetitions to be used for NPUSCH transmissions as indicated via the UL grant. Such an approach can be useful in achieving a good tradeoff between the generated inter-cell interference and increase in the UE power consumption due to use of larger number of repetitions to achieve the same MCL as with higher transmission power.
Proposal 1

· Application of power control for NPUSCH/NPRACH transmissions with a few repetitions for UEs that are not in deep coverage could be considered if sufficient benefits are identified.

3 Conclusion

In this contribution, we shared our views on the aspects to be optimized for NB-IoT in small cell deployments, and the corresponding potential solutions, considering impact on device including the device battery life. Based on the discussions, we summarize our views using the following observations and proposal:

Observation 1

· Power control for UL transmission can help reduce DL and UL coverage imbalance and reduce inter-cell interference in dense small cell deployments.

· Applying power control for UEs requiring coverage enhancement prolongs the latency and reduces the UE’s battery life, due to increased number of repetitions to achieve the same coverage. 

Observation 2
· UEs in deep coverage in small cell are most likely experiencing large coupling loss due to building penetration loss rather than path loss, and thus will not contribute significantly to inter-cell interference with their max transmission power.

Proposal 1

· Application of power control for NPUSCH/NPRACH transmissions with a few repetitions for UEs that are not in deep coverage could be considered if sufficient benefits are identified.
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