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1 Introduction

This paper is a resubmission of R1-1803876.

In RAN1#92, the following agreements were reached on the support of NB-IoT small cell [1]:

Agreement
· 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 why changes to power control for NB-IoT small cells are not needed.
2 DL power allocation 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 DL power control scheme is defined. The eNB determines the DL transmit energy per resource element. For small cells, some reduction of eNB transmit power is assumed due to the eNB hardware capability for micro/pico/femtocells, applying to all physical channels and signals. Therefore, the current DL power allocation specified in section 16.2.2 of TS36.213 [2] can be reused for small cells.

Proposal 1: The DL power allocation specified in section 16.2.2 of TS 36.213 is reused for NB-IoT small cells.
3 UL power control 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 [3], [4], which are summarized in Table 1.

Table 1 Uplink power control parameters
	Network-configured parameters
	Applied for

	preambleInitialReceivedTargetPower
	NPRACH
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	NPUSCH

	P-max
	NPRACH and 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
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can be derived by interference levels and sensitivity for both macro cells and small cells. For example, assuming network configures different P0, this results in different UE transmission power as a function of path-loss with
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shown in following Figure 1.
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Figure 1 Illustration of uplink power control

This 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. In addition to configuring the parameter combinations, P-max can also be used to adjust the transmit power. If the transmit power can be greater than P-max, simply increasing the value of P-max can achieve the purpose of letting UE transmit more power. The uplink interference level is an important input for eNB to decide the configured P0 and P-max. These parameters give networks the ability to limit the UE’s maximum transmit power in the cell to avoid interference, and ensure that the whole system is in a reasonable interference level to work. When network configures these power control parameters it has already taken uplink interference level and tolerance margin into consideration. If the UE is allowed to exceed the configured P-max, the extra power at the eNB receiver will damage all the uplink of the system including in-band legacy LTE carrier.  
Observation 1: UL power control parameters are carefully configured by the network to control the uplink interference to the whole system including in-band legacy LTE.
In previous meetings, there were various proposals to allow UE to exceed the configured P-max in small cells. The typical scenario presented is that UE is located in a basement and thus the transmit power exceeding P-max will not cause uplink interference too much into a macro cell. This is not the case:
(1) UEs in a cell may be located outdoor, indoor, in a basement, close to or far away from eNB. The key difference is the path-loss between UE and eNB. UE’s transmitted power is calculated as a function of path-loss and limited by the network configured P-max (PCMAX,c), which is set by taking the whole interference level into consideration and, implicitly, the pass-loss situation has also been taken into account.
(2) If the network can accept received signal power larger than its sensitivity, then it can configure a suitable larger value of P0 and/or P-max to tolerate the interference margin. Each UE has its individual path-loss and the UEs close to eNB with small path-loss will not be affected by the P-max value.
For example, assume a small cell sets α = 0 and P0 = -110 dBm. The UE transmit power calculation is 
P = P0+pathloss, and the actual transmit power (Ptx) are summarized for UEs located in different path-loss as follows.

Table 2 Example of UE transmit power in different path-loss in small cell, assuming alpha=0 and P0=-110dBm 
	
	Path-loss (PL)
	Calculated power (P=P0+PL)
	Actual power when PCMAX,c = 5dBm
	Actual power when PCMAX,c = 15dBm
	Actual power when PCMAX,c = 23dBm

	UE 1
	100 dB
	-10 dBm
	-10 dBm
	-10 dBm
	-10 dBm

	UE 2
	120 dB
	10 dBm
	5 dBm
	10 dBm
	10 dBm

	UE 3
	140 dB
	30 dBm
	5 dBm
	15 dBm
	23 dBm


It is observed that within a single P-max, no UE transmits beyond its path-loss based calculated transmit power. Also, even if network increases the value of P-max, a given UE never transmits power beyond its path-loss based calculated transmit power. That means if a UE in a basement can be allowed to transmit beyond P-max, then it can be achieved by simply configuring a larger value of P-max which will not impact on any other UEs.
In small cells, as with macro cells, the UE transmit power is calculated as a function of path-loss, which is UE specific. The P-max setting for small cells will also take interference and efficiency into consideration. Thus there is no difference between small cell and macro cell from the perspective of setting P-max, and no need to introduce a small cell specific P-max and UE specific P-max. Furthermore, 3 CE levels have been introduced to suit different coverage, which has been well considered in Rel-13, and it also applies to small cells, so adding power ramping is not necessary.
Thus it is our view that there is no need to introduce a new P-max parameter, nor have other changes to UL power control in small cells, and 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 transmit power beyond the allowed P-max which is carefully configured by the network to manage interference. 
Observation 2: By taking interference levels into consideration, the network can configure an appropriate P-max to exploit the power margin of UEs in small cells in e.g. basements without impact on other UEs. 
Observation 3: It is very risky for the NB-IoT network to give UE the right to transmit more power than the P-max which is carefully configured by the network for the purpose of managing interference. 
Proposal 2: UE is not allowed to transmit more power than the configured P-max, even if P-max is lower than UE’s maximum capability.
Proposal 3: The uplink power control specified in section 16.2.1 of TS 36.213 is reused for NB-IoT small cells.
4 Conclusions

In this contribution we investigate and propose the following proposals for NB-IoT small cell.
Observation 1: UL power control parameters are carefully configured by the network to control the uplink interference to the whole system including in-band legacy LTE.

Observation 2: By taking interference levels into consideration, the network can configure an appropriate P-max to exploit the power margin of UEs in small cells in e.g. basements without impact on other UEs. 
Observation 3: It is very risky for the NB-IoT network to give UE the right to transmit more power than the P-max which is carefully configured by the network for the purpose of managing interference. 
Proposal 1: The DL power allocation specified in section 16.2.2 of TS 36.213 is reused for NB-IoT small cells.

Proposal 2: UE is not allowed to transmit more power than the configured P-max, even if P-max is lower than UE’s maximum capability.
Proposal 3: The uplink power control specified in section 16.2.1 of TS 36.213 is reused for NB-IoT small cells.
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