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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [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 

· 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 basestations.

· Inform RAN4 

· FFS other aspects of small cells to identify possible RAN1 impacts. 

In RAN1 #92 , 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 this contribution, we discuss the issue of small cell support for NB-IoT.
2 Discussion
In Rel-14 NB-IoT/eMTC, effort was made to ensure mainly two aspects of deployment. First, low cost, low complexity and low power consumption terminal. Second, coverage extension to facilitate the use-case of IoT deployment. Specifically, as some MTC UEs are installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these UEs would experience significantly greater penetration losses on the radio interface than normal LTE devices. The MTC UEs in the extreme coverage scenario might have characteristics such as very low data rate, greater delay tolerance, and no mobility, and therefore some messages/channels may not be required.
Several companies’ discussion paper mentions that UL power control might be a problem for NB-IoT small cell deployment . Also, at RAN1#89 it was identified that the NB-IoT Release 13 NPRACH Coverage Enhancement (CE) level ramping functionality may cause high UL intra-cell interference levels which is worst case blocks the eNB receiver [6].
In NB-IoT, the UE transmit power 
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 for NPUSCH transmission in NB-IoT UL slot i for the serving cell is given by
If the number of repetitions of the allocated NPUSCH RUs is greater than 2
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for NPRACH, for the lowest configured repetition level, a narrowband preamble transmission power PNPRACH is determined as  PNPRACH = min{
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,  NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER + 
[image: image6.wmf]c

PL

 }_[dBm].  For a repetition level other than the lowest configured repetition level, PNPRACH is set to 
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, where 
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 is the configured UE transmit power for narrowband IoT transmission defined in [6] for subframe i of serving cell 
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 and 
[image: image10.wmf]c

PL

 is the downlink path loss estimate calculated in the UE for serving cell 
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The configured maximum output power 
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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 
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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, UE 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 NPUSCH repetition number 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 of NPUSCH repetition number surpasses the threshold, the UE shall use the NB-IoT specific power setting 
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, since it is believed for these scenario 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, depend 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 repetition .
3 Conclusions
In this contribution, we have discussed the 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 repetition .
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