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1 Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1 NB-IoT Adhoc#2 [3], the following agreements were achieved regarding the uplink power control. In this contribution, the remaining details are discussed.
	Agreements:
· For NB-PUSCH data transmission, the uplink power setting re-use section 5.1.1.1 of 36.213, that is for serving cell c and subframe i ( for 15 kHz subcarrier spacing) or NB-Slot i (for 3.75 kHz subcarrier spacing)

· PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c+ αc(j) PLc+fc(i)}

· MNPUSCH,c(i)

· Alt 1: {1/4, 1,3,6,12} (reflecting UL transmission resource BW)
· Alt 2: {1,3,6,12} (3.75 kHz is adjusted by using PO_NPUSCH,c)
· PO_NPUSCH,c(j)=PO_UE_NPUSCH,c(j)+PO_NOMINAL_NPUSCH,c(j)

· When j = 1, PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers, where j = 1 is used for NB-PUSCH data (re)transmissions.

· When j = 2, which is used for NB-PUSCH (re)transmissions corresponding to the random access response grant, PO_UE_NPUSCH,c(2)=0 and PO_NOMINAL_NPUSCH,c(2)=PO_PRE+ΔPREAMBLE_Msg3, where the parameter PO_PRE and ΔPREAMBLE_Msg3 are signaled from higher layers for serving cell .

· For j = 1, αc(j) is configured by higher layers, and αc(j)=1 for j = 2.

· fc(i)

· Alt 1: A power adjustment parameter indicated by DCI

· Alt 2: No TPC command, fc(i)=0

· UL power control for ACK/NACK transmission uses the same procedure as normal NB-PUSCH transmission.
· Alt. 1: Accept above formulas
· Alt. 2: With alpha = 1
Note: Above yellow issues on power control shall be treated  at RAN1#84bis


2 Discussion 
2.1 Values of MNPUSCH,c(i)
Different from legacy LTE, the parameter MNPUSCH,c(i) can be considered as the bandwidth of  NB-PUSCH resource assignment expressed in number of 15kHz subcarriers valid for subframe i and serving cell c. In case of 3.75kHz single-tone NB-PUSCH transmission, it is straightforward to set MNPUSCH,c(i)=1/4 by simple linear scaling, as described in Alt-1. 
One may consider to adjust the power offset due to bandwidth difference by using PO_NPUSCH,c, as described in Alt-2. This is possible for NB-PUSCH data (re)transmissions (when j = 1), since PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers. However, for NB-PUSCH (re)transmissions corresponding to the random access response grant (when j = 2), the power offset due to bandwidth difference cannot be adjusted because PO_UE_NPUSCH,c(2)=0. It is also possible to adjust by defining two parameters ΔPREAMBLE_Msg3 for 15kHz and 3.75kHz respectively, but with the cost of extra signaling. Therefore, Alt-1 is slightly preferred, i.e., directly reflecting the NB-PUSCH resource bandwidth via {1/4, 1,3,6,12}.

Proposal 1: Consider MNPUSCH,c(i)= {1/4, 1,3,6,12} to reflect the NB-PUSCH resource bandwidth in terms of number of 15kHz subcarriers, where ¼ is for the case of 3.75kHz subcarrier spacing.
2.2 TPC Command
Considering the infrequent traffic feature and long repeated transmission of a packet in NB-IoT, it is not clear if the closed-loop power control can be accurate enough and hence there is no strong motivation to support it. Therefore, no TPC command is preferred.
Proposal 2: There is no need to support TPC command in DCI, i.e., fc(i)=0.

2.3 Power Control for UCI
Since the UCI and NB-PUSCH transmissions may be multiplexed flexibly in the frequency domain, it is preferred to keep the same power control formula to minimize the interference impact. One may consider to have full PL compensation for UCI transmission, similar as legacy LTE where full PL compensation is considered in PUCCH ACK/NACK transmission to improve reliability. However, it is also possible to improve the reliability of UCI transmission by other ways, e.g., to increase the number of repetitions or increase the DMRS density, and so on. 
Proposal 3: UL power control for ACK/NACK transmission uses the same procedure as normal NB-PUSCH transmission.
3 Conclusions
In this contribution, the remaining issues of NB-IoT uplink power control were discussed. In summary, the proposals are as follows:

Proposal 1: Consider MNPUSCH,c(i)= {1/4, 1,3,6,12} to reflect the NB-PUSCH resource bandwidth in terms of number of 15kHz subcarriers, where ¼ is for the case of 3.75kHz subcarrier spacing.
Proposal 2: There is no need to support TPC command in DCI, i.e., fc(i)=0.
Proposal 3: UL power control for ACK/NACK transmission uses the same procedure as normal NB-PUSCH transmission.
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