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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [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 RAN1#89 meeting, RAN1 had the following agreement that [2]:
· 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, the following agreement was reached [3]: 
· 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 this contribution, we discuss the UL power control issue of small cell support for NB-IoT.
2 Discussion
In RAN1#89 meeting, it was identified that the NB-IoT Rel-13 NPRACH Coverage Enhancement (CE) level ramping functionality may cause high UL intra-cell interference levels which is worst case blocks the eNB receiver. UL power control might be a problem for NB-IoT small cell deployment.
The configured maximum output power 
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for calculating NPUSCH transmit power is bound by the IE P-Max for serving cell c. The IE P-Max is used to limit the UE's uplink transmission power on a carrier frequency. Because of the issue of UL/DL imbalance, P-Max could be set to smaller value to maintain same UL/DL coverage. Configuration a smaller for normal UE in the small cell is necessary to prevent unwanted UL interference. Using preambleInitialReceivedTargetPower, 
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 can be used to limit UE TX power, however, it will affect the eNB received SNR, which is not desirable.
For NB-IoT, the UEs with deep penetration loss may require full power transmission to compensate the path loss. Therefore, it is beneficial to introduce a small cell NB-IoT specific P-Max value for UE with UL repetition, which is equivalent as introducing 
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 for UE which require UL repetition transmission.
Proposal 1: Introduce 
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 for NB-IoT UE which require UL repetition transmission.
With the introduction of 
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, eNB can configure UE with different maximum TX power. For example, if UE’s CE level or number of NPUSCH repetitions is less than configured threshold, the UE shall use the legacy power setting  
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 to reduce the interference to other UEs.
If the UE’s CE level or NPUSCH repetition number surpasses the threshold, the UE shall use the NB-IoT specific power setting 
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. For these scenarios, the UE is in deep coverage, therefore it will not have strong interference for other UEs. 
Similarly, 
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can also be used for NPRACH. For example, depending on eNB configuration, NPRACH associated with CE level 0 and CE level 0 can use 
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, while for NPRACH level 2 the new parameter 
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 can be used.
Proposal 2:  eNB can configure
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 to be used in certain CE level or with certain number of repetitions.
3 Conclusions
In this contribution, we have discussed the uplink power control issue of small cell support for NB-IoT. We make the following proposals:
Proposal 1: Introduce 
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 for NB-IoT UE which require UL repetition transmission.
Proposal 2:  eNB can configure
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 to be used in certain CE level or with certain number of repetitions.
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