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1
Introduction
In this contribution, we consider UL power control for NB-IoT.
2

Uplink Power Control
This contribution discusses power control for NB-PUSCH and NB-PRACH channels. In addition, for the NB-PUSCH channel, power control for data and ACK/NACK transmissions is considered.
NB-PUSCH
In eMTC, the UE will always transmit with maximum power level when it is in large coverage enhancement. This same principle can also be applied for NB-IoT. Therefore, when a UE is configured with a certain number of repetitions, it always transmit with the maximum power. Note that separate configuration may be needed for NB-PUSCH data transmission and ACK/NACK transmission.
Proposal 1: UE transmits NB-PUSCH with maximum power PCMAX,c(i) for certain numbers of repetitions. Note that the numbers of repetitions may be different for NB-PUSCH data and ACK/NACK transmission.
In LTE, PUSCH transmit power is given by 
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For NB-IoT, it is possible to use the same power control formula with appropriate settings. For instance, MPUSCH,c(i) can be set to 1,3,6,12. The parameter PO_PUSCH,c(j) is comprised of cell-specific and UE-specific terms, and therefore can be adjusted to account for 3.75 kHz/15 kHz subcarrier spacing using the UE-specific term. The parameter TF,c(i) may be used to adjust for MCS and can be disabled by the eNB. Finally, fc(i) is a power adjustment parameter that can be indicated by DCI format. In NB-IoT, there is no need for fast close-loop power control. However, adjustment via DCI is still valuable in order to obtain accurate MCS and also to track slowly changing channel. Therefore, it is proposed that NB-IoT uses the for same power control formula for NB-PUSCH as LTE with the possibility of power adjustment via DCI.
Proposal 2: Power control for NB-PUSCH data transmission uses LTE PUSCH power control formula. NB-PUSCH power adjustment using DCI for NB-PUSCH scheduling is supported.
ACK/NACK on NB-PUSCH
In [1], it is proposed to use single-tone NB-PUSCH to transmit ACK/NACK. That is, in the case that uplink data is not scheduled, ACK/NACK is transmitted using single-tone NB-PUSCH channel structure. In LTE, however, PUCCH power control is different than PUSCH. Specifically, LTE PUCCH power control is given by
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However, when adjusted for ACK/NACK only transmission, the LTE PUCCH power control may be given by
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Compared to PUSCH transmission, a different target power setting is possible and there is no fractional pathloss compensation. For NB-PUSCH transmission ACK/NACK, it can be considered to have a different target power and to always compensate fully for the pathloss.  

Proposal 3: Power control for NB-PUSCH ACK/NACK transmission is given by PNB-PUSCH,c(i) = min{PCMAX,c(i), PO_NB-PUSCH_ACK,c(i) + PLc} dBm.
NB-PRACH
NB-PRACH power control is also discussed in [2]. It has been agreed that if more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level. Currently, preamble power control for eMTC is given by
-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;

The preamble transmission power PPRACH is determined as
PPRACH = min{PCMAX, PREAMBLE_RECEIVED_TARGET_POWER + PL} dBm

In [2], it was proposed to use the same formula for NB-IoT.
Proposal 4: Power control for NB-PRACH transmission uses LTE PRACH power control formula.
Power Headroom
In LTE, two types of power headroom calculation is possible. For NB-IoT, it is proposed to use Type 1 power headroom calculation and for when UE transmits PUSCH without PUCCH. This is given by
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Furthermore, power headroom report (PHR) is triggered in several situations, e.g. if prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission, if periodicPHR-Timer expires, and upon configuration or reconfiguration of the power headroom reporting. For NB-IoT, it may be beneficial to define additional criteria for PHR trigger (e.g. during random access procedure). This might be appropriate for the MAR data traffic model considered for NB-IoT.
Proposal 5: NB-IoT power headroom calculation uses Type 1 power headroom calculation from LTE.
3
Conclusion
In this contribution, we consider uplink power control for NB-IoT and make the following proposals –

Proposal 1: UE transmits NB-PUSCH with maximum power PCMAX,c(i) for certain numbers of repetitions. Note that the numbers of repetitions may be different for NB-PUSCH data and ACK/NACK transmission.
Proposal 2: Power control for NB-PUSCH data transmission uses LTE PUSCH power control formula. NB-PUSCH power adjustment using DCI for NB-PUSCH scheduling is supported.
Proposal 3: Power control for NB-PUSCH ACK/NACK transmission is given by PNB-PUSCH,c(i) = min{PCMAX,c(i), PO_NB-PUSCH_ACK,c(i) + PLc} dBm.
Proposal 4: Power control for NB-PRACH transmission uses LTE PRACH power control formula.
Proposal 5: NB-IoT power headroom calculation uses Type 1 power headroom calculation from LTE.  

4
Reference

[1] R1-161852, “UCI for NB-IoT,” Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1 NB-IoT Ad-Hoc, Sophia Antipolis, France.
[2] R1-161854, “Remaining issues on random access procedure for NB-IoT,” Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1 NB-IoT Ad-Hoc, Sophia Antipolis, France.

_1353225345.unknown

_1518941823.unknown

_1353225415.unknown

_1350239076.unknown

