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[bookmark: _Ref409106980][bookmark: _Ref465843822]Introduction
In Rel-15, further enhancement for NB-IoT work item (WI) is agreed as a working agreement to further enhance the performance of NB-IoT in terms of further latency and power consumption reduction, improvement of measurement accuracy, enhancement of NPRACH reliability and range enhancement etc. [1]. Supporting for small cell of NB-IoT, i.e., microcell, picocell, and femtocell deployment, is a part of the WI as follows. 
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#88bis meeting, RAN1 had the following observation that 
· More investigation into applicable scenarios for NB-IoT small cells and the aspects with RAN1-led impacts is needed until the next meeting

In this contribution, we further discuss the RAN1 impacts of NB-IoT small cells. 
Background
In Rel-13 and Rel-14 NB-IoT, the macro deployment scenario is targeted. This is because that it is expected that due to the coverage enhancement features, the macro deployment can offer the required coverage. In addition, the number of connections that is supported in a macro scenario can satisfy the traffic model assumed for machine type of compunction (MTC) in the context of NB-IoT. However, as there is a growing expectation of supporting more diversified types of traffic by NB-IoT, the potential to support NB-IoT in small cell deployment scenarios has been discussed. 
The base station (BS) classes are defined with respect to the BS-to-UE minimum coupling loss (see section 4.2 in TS36.104). For wide area BSs, medium range BS, and local area BSs, the minimum coupling losses between a BS to a UE are 70 dB, 53 dB, and 45 dB. And in addition, for each BS class, the output power is defined in TS 36.104 Table 6.2-1 as given in Table 1. Furthermore, for NB-IoT, a power dynamic range at the eNB should be larger than or equal to +6dB, except for guard band operation with E-UTRA 5 MHz channel bandwidth signal where BS manufacturer shall declare the NB-IoT dynamic range power it could support (see section 6.3.3 in TS36.104). Furthermore, when specifying base station performance RAN4 typically assumes noise figures of 5, 8, and 13 dB for Wide area, Medium range and Local area base stations, respectively.
[bookmark: _Ref481667323]Table 1 Base Station rated output power
	BS class
	Prated,c

	Wide Area BS
	- (note)


	Medium Range BS
	<  + 38 dBm

	Local Area BS
	<  + 24 dBm

	Home BS
	<  + 20 dBm (for one transmit antenna port)
<  + 17 dBm (for two transmit antenna ports)
<  + 14dBm (for four transmit antenna ports) 
<  + 11dBm (for eight transmit antenna ports)

	NOTE:	There is no upper limit for the rated output power of the Wide Area Base Station.



NB-IoT small cell support
In this section, we discuss the potential gains and associated problems from the DL and UL perspectives in a small cell deployment scenario. 
MCL and coverage aspects
In RAN1#88bis meeting, it was discussed whether to reduce the MCL target of 164 dB [2][3]. The proposal to reduce the coverage is based on the observations that coverage and output power of a typical small cell BS. As mentioned above, the BS in a small cell deployment usually have limited output power, and since an LTE small cell should support up to 20 MHz bandwidth, the actual power spectral density (PSD) can be much lower than a macro cell for the inband and guardband deployment. Therefore, the DL coverage of small cells are in general limited. A medium range BS supporting NB-IoT standalone may however support similar coverage as a wide are BS operating NB-IoT in inband mode.
Observation 1 [bookmark: _Ref481753117]Due to the low output power and PSD, the coverage area of a small cell is in general limited. A medium range BS may, however, be able to support wide coverage if configuring NB-IoT in stand-alone mode.
Therefore, considering the TX power and bandwidth, for small cell stand-alone mode, the MCL target of 164 dB can be kept, but for inband and guardband deployment, we may consider to reduce the MCL target. In [3], it is shown in the DL, by using 1024 repetitions we can reach an MCL target of 165.6 dB for a Medium Range BS inband deployment. Therefore, the MCL target in the DL can be met, but the PHY data rate in this case is only 25 bps in the DL, which is too low to maintain any reasonable service. 
Observation 2 [bookmark: _Ref481753139]Using a larger number of repetitions in the DL, the MCL target of 164 dB can be met, but the DL throughput is too low to sustain services from higher layers.
Furthermore, when it comes to the UL, it requires more deliberations when it comes to the MCL target. Just as for the reduced power class devices in Release 14 it is reasonable to relax the expected DL coverage based on the reduction in power transmitted by the considered base station class. It is also reasonable to relax the expected uplink coverage based on the increase in the noise figure associated with the considered base station class. At the BS side, the NB-IoT should be deployed by software update. Therefore, not to increase base station complexity, it is proposed to relax the MCL by the maximum of between reduction in base station power and increase in base station noise figure. As power classes and noise figures are aspects under RAN4s responsibility there are no RAN1 impacts associated with the MCL of the small cell base stations.
[bookmark: _Ref481753246]The small cell MCL should be relaxed by the maximum of between reduction in base station power and increase in base station noise figure.
Observation 3 [bookmark: _Ref481753174]No RAN1 impacts are identified from the DL coverage point of view of NB-IoT small cell.
In the traditional small cell scenario, to avoid a UE being handed over frequently among neighbouring small cells and to balance the DL and UL coverage, usually a cell selection bias is applied on the cell selection and/or re-selection threshold. Currently, the NB-IoT absolute RSRP measurement has an inaccuracy of 12.3 - 6 dB in a macro cell environment, and similar problem may also exist in cell small deployments. Therefore, the impact of RSRP measurement inaccuracy should be considered in the study of the small cell support in NB-IoT systems. 
Observation 4 [bookmark: _Ref481753188]The impact of NB-IoT RSRP measurement inaccuracy should be well considered in the study of supporting small cell operations in NB-IoT systems as a part of the narrowband measurement accuracy studies in RAN1. 
Inter-cell interference is general problem in a system with 1/1 frequency reuse. As for small cells, the ISD becomes smaller, it is known that the inter-cell interference becomes more problematic, especially considering the coverage enhancement features introduced in NB-IoT. Since NB-IoT only operates in one PRB, the interference randomization through scheduling can be limited. Therefore, it may be beneficial to introduce a fast mechanism to inform the UE the change of the DL power for interference management. 
Observation 5 [bookmark: _Ref481753199]In terms of interference management, it may be beneficial to enable fast DL power change in small cell nodes that support NB-IoT. 
UL power control
It is identified by several companies that UL power control is a problem for NB-IoT small cell deployment [3][4][5]. In this section, we discuss the UL power control problem in more details, for both NPUSCH and NPRACH. In the current NB-IoT design, the UL is based on open loop power control, both for NPRACH and NPUSCH, when the UE is in normal coverage (CE level 0 for NPRACH, and configured with 1 or no repetitions for NPUSCH). That is the UE decides its UL transmission power based on the measured pathloss in the DL. 
One of the advantage of using small cell is that the UL quality is usually better comparing to macro cells, as the UEs are closer to the BSs. But the associated problem is if a UE near to the BS transmit with too high power, it may block the receiver at the BS for UEs further away. In the legacy LTE small cell systems, for initial access as well as other cases where only open loop power control is applied, it is important to limit the UE uplink power to control the interference. However, this is may be spectral inefficient for NB-IoT systems. In the following paragraphs we discuss this matter in more detail with respect to NPUSCH and NPRACH. 
The maximum UL transmission power is set by the cell, referred as [image: ] in TS 36.213. In the current NB-IoT system, due to the coverage enhancement features introduced in NB-IoT, as soon as repetitions are used in the UL, a UE would transmit at full power according to what is configured by the cell. In TS 36.213, we have the following 
“If the number of repetitions of the allocated NPUSCH RUs is greater than 2

[dBm]
otherwise

 [dBm]
where,

-	is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell .”
Notice here  is not the maximum power that an NB-IoT UE can transmit at in UL, but the maximum allowed UE transmit power set by the cell, which is broadcast in the SI. In a macro scenario, it is reasonable to set  as the maximum power that an NB-IoT UE can support, and if the number of repetitions of the allocated NPUSCH RUs is greater than 2, an NB-IoT UE should transmit at its full power. This is a part of the coverage enhancement feature offered by NB-IoT systems. 
In the context of small cell, however, to control the UL interference, is usually set to a much smaller value so that the UL coverage matches the DL coverage of a small cell. Therefore, the UL of the UE would not cause excessive interference to other UEs in the neighboring cells. However, this is not very efficient from NB-IoT point of view. NB-IoT is designed to offer enhanced coverage in the UL, and therefore when a UE is in deep coverage and when UE reaches its maximum output power, repetition is used to further enhance the coverage. In a small cell setting, where [image: ] is set smaller than the maximum output power of the UE, it could be more efficient for the UE to use its maximum power than the [image: ] set by the cell. It takes longer time for the UE to finish its transmission, which is both a disadvantage for a resource usage point of view and harmful in terms of UE battery life. 
Observation 6 [bookmark: _Ref481753226]When a UE is in CE level 1 and CE level2, the UE should be allowed to transmit at higher power than [image: ], which is both beneficial for UL resource usage and UE battery life. 
However, for UE in normal coverage, it still needs to follow the [image: ]setting for the purpose of interference management. Therefore, simply increase [image: ] is not a preferred solution in NB-IoT small cell. Instead, it is preferred to indicate the UE that it can transmit at higher power than [image: ]. 
[bookmark: _Ref481753261]In order to exploit the coverage enhancement feature, when in extended coverage, for NPUSCH transmission, an NB-IoT UE should be allowed to transmit at higher power than the [image: ]set by a cell when taking into account the interference aspects. 
When it comes to NPRACH, the problem becomes more complicated, which may need more considerations when letting the UE transmit at higher power than the [image: ] set by a cell. Currently, only open loop power control is supported in NB-IoT, and an NB-IoT UE chooses its NPRACH resource based on its measurement on the DL quality. As the DL RSRP and RSRQ measurement has an inaccuracy of 6-8 dB in normal coverage, and 10.3-12.3 dB in extended coverage which can result in two nearby UEs reach different conclusions for their coverage levels, and transmit at very different power levels for their NPRACH. So, if the UE is allowed to exceed the [image: ] set by a cell in this case, it may be very harmful in some cases. Therefore, there is both a risk that a UE with excessive high UL power may block the BS receiver of its own cell, and cause significant interference to the neighbouring cells as well. Moreover, recall that in the current NB-IoT systems, UE only use power ramping for the lowest number of repetitions of NPRACH configuration corresponding to CE level 0, and use maximum output power for other NPRACH levels, i.e., CE level 1 and CE level 2. Hence, for NPRACH transmission, in order to benefit from the small cell deployments, it is important to find a balance between allowing the UE to maximize its output power and the use of [image: ]for interference management for different CE levels. 
In [4], it is proposed to introduce different maximum NPRACH UL transmission power based on the coverage levels. This is certainly one way to address the problem outlined above. However, due to the DL RSRP and RSRQ measurement has an inaccuracy, it may still be risky that UE can choose the incorrect coverage level, and use the wrong transmission power for NPRACH. Therefore, one way to solve this problem is to let the UE also follow the power ramping procedure in extended coverage, if different maximum NPRACH UL transmission power is configured for each CE levels This can reduce this risk of interfered caused by the UE by choosing the wrong coverage levels during random access procedures. 
[bookmark: _Ref481753276]In addition to introducing maximum NPRACH UL transmission power based on the coverage levels, it is also beneficial to introduce power ramping procedures for UEs in CE level 1 and/or CE level 2. 
Conclusions
Base on the above analysis and discussions, we have the following observations and proposals:
Observation 1	Due to the low output power and PSD, the coverage area of a small cell is in general limited. A medium range BS may, however, be able to support wide coverage if configuring NB-IoT in stand-alone mode.
Observation 2	Using a larger number of repetitions in the DL, the MCL target of 164 dB can be met, but the DL throughput is too low to sustain services from higher layers.
Observation 3	No RAN1 impacts are identified from the DL coverage point of view of NB-IoT small cell.
Observation 4	The impact of NB-IoT RSRP measurement inaccuracy should be well considered in the study of supporting small cell operations in NB-IoT systems as a part of the narrowband measurement accuracy studies in RAN1.
Observation 5	In terms of interference management, it may be beneficial to enable fast DL power change in small cell nodes that support NB-IoT.
Observation 6	When a UE is in CE level 1 and CE level2, the UE should be allowed to transmit at higher power than [image: ], which is both beneficial for UL resource usage and UE battery life.
[bookmark: _GoBack]Proposal 1	The small cell MCL should be relaxed by the maximum of between reduction in base station power and increase in base station noise figure.
Proposal 2	In order to exploit the coverage enhancement feature, when in extended coverage, for NPUSCH transmission, an NB-IoT UE should be allowed to transmit at higher power than the [image: ]set by a cell when taking into account the interference aspects.
Proposal 3	In addition to introducing maximum NPRACH UL transmission power based on the coverage levels, it is also beneficial to introduce power ramping procedures for UEs in CE level 1 and/or CE level 2.
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