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1 Introduction

The WID on further NB-IoT enhancements includes the following objective [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 last meeting, RAN1 had initial discussions on some aspects (e.g. coverage/power control) of this topic, with the following observation:
Observation:

· 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 continue to discuss the two aspects of NB-IoT small cell [2]. 

2 Discussion 
2.1 Coverage of NB-IoT small cell

NB-IoT is designed targeting MCL of 164 dB, which refers to wide-area basestations in Rel-13/Rel-14. Assuming the eNB transmit power of a small cell will be lower than the macro cell (e.g. reduced rated output power compared to wide area basestations) and considering it is not certain whether similar power boosting capability (of at least 6 dB) for in-band operation can be supported in a small cell deployment compared to a wide area basestation, the coverage for NB-IoT small cells should be less than macro cells. If an NB-IoT UE is out of small cell coverage it can select the macro cell it finds suitable to camp on.
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Figure 1 Reduced coverage of small cell due to lower eNB transmit power
The coverage of NB-IoT small cell should be less than 164 dB of macro cell, and there is no intention to increase the maximum numbers of repetitions to compensate for reduced eNB transmit power. The situation is similar to the MCL target reduction for the introduction of low power class UE (14 dBm) in Rel-14 [3].
Proposal 1: There is no intention to increase the maximum numbers of repetitions for the downlink to compensate the reduced eNB power of small cell.

2.2 Power control for NB-IoT small cells
In NB-IoT, the downlink power allocation is specified as a pre-defined or configured power ratio between different physical channels/signals and no open-loop or closed-loop power control scheme is introduced. The eNodeB determines the downlink transmit energy per resource element. For small cells, the reduction of eNB transmit power is assumed due to the eNB hardware capability for micro/pico/femtocells, without a relationship to any physical channel/signal. Therefore, the current downlink power allocation specified in section 16.2.2 of TS36.213 [4] can be reused for small cells.
Proposal 2: The downlink power allocation specified in section 16.2.2 of TS36.213 is reused for NB-IoT small cells.
On the other hand, there is a path-loss based open-loop power control scheme for the uplink of NB-IoT. The power control scheme has specific parameters for the UE transmit power adjustment [5], [6], which are summarized in Table 1.

Table 1 Uplink power control parameters
	Network parameters
	Applied for

	preambleInitialReceivedTargetPower
	NPRACH
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	NPUSCH

	P-max
	NPRACH/NPUSCH


The first 3 parameters are used to adjust the path-loss based UE transmit power and the last one, P-max, is used to limit the allowed maximum UE transmit power. All of these parameters are configured by network to UE.  
From network perspective, appropriate preambleInitialReceivedTargetPower or
[image: image4.wmf]c

O_NPUSCH,

P

and 
[image: image5.wmf]c

a

can be derived by interference level and sensitivity for both macro cell and small cell. For example, assuming network configures different P0 (represents the upper 2 parameters for simple) results in different UE transmission power as function of path-loss with
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shown in following Figure 2.
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Figure 2 Illustration of uplink power control
It means that combinations of these parameters can be configured to cope with different coverage for macro cells and small cells not relying only on different repetition configurations. The uplink interference level is an important input for eNB to decide the configured P0 and P-max, these parameters give networks the power to limit the UE’s maximum transmit power in the cell to avoid interference. Thus it is our view that the UE should not be allowed to transmit more power than the configured P-max even if P-max is lower than UE’s maximum capability. It is very risky for the whole NB-IoT system to give UE the right to have transmit power beyond the allowed P-max which is carefully configured by the network from interference management point view. 
Proposal 3: UE is not allowed to transmit more power than the configured P-max even if P-max is lower than UE’s maximum capability.

3 Conclusions
In this contribution we investigate and propose the following proposals for NB-IoT small cell,

Proposal 1: There is no intention to increase the maximum numbers of repetitions for the downlink to compensate the reduced eNB power of small cell.
Proposal 2: The downlink power allocation specified in section 16.2.2 of TS36.213 is reused for NB-IoT small cell.

Proposal 3: UE is not allowed to transmit more power than the configured P-max even if P-max is lower than UE’s maximum capability.
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