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1
Introduction
In this RAN1 NB-IoT Ad-Hoc #2 held in Sophia Antipolis in March, aspects related to the UL power control were discussed [1]

 REF _Ref447191408 \r \h 
[2]

 REF _Ref447191409 \r \h 
[3]. Based on the discussion following agreements were made:
	· 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
· Power headroom
· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using [2 bits] for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits

· Dynamic indication utilizing DCI is not supported

Note: Above does not request to change Msg. 3 size
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Uplink Power Control
In this contribution we discuss about the open items related to the power control of NB-PUSCH and NB-PRACH channels.
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. For NB-PUSCH, it would seem feasible to define this so that once more than 2 repetitions are used, UE shall use the maximum transmit power. 
Proposal 1: For data transmission, UE transmits NB-PUSCH with maximum power PCMAX,c(i) when the number of repetitions is larger than 2. 
The baseline agreement for NB-PUSCH transmit power can be written as:
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In context of MPUSCH,c(i) the agreement has two alternative approaches to account the UL numerology change (between 15kHz and 3.75kHz). As based on earlier agreements (in RAN1#84) the UL numerology is set in RAR message, and therefore independent of the actual frequency domain allocation (noting that for 3.75kHz only single tone is supported) it would seem appropriate to support more static configuration. Hence it is proposed that correction factor related to UL numerology is included in PO_NPUSCH,c(j).  

Proposal 2: UL numerology based correction factor is included in PO_NPUSCH,c(j). 
PO_NPUSCH,c(j) is comprised of cell-specific and UE-specific terms, PO_UE_NPUSCH,c(j) and PO_NOMINAL_NPUSCH,c(j). As the UL numerology choise can be also UE specific when two sub-carrier spacings are frequency domain multiplexed, it would seem natural to account the used UL sub-carrier spacing in PO_UE_NPUSCH,c(j). If the correction factor is assumed to be fixed, it would also seem feasible to include the correction to the power control equation, removing any need for additional signalling. 
Observation: If the UL numerology related correction factor can be assumed to be fixed, it would be possible to include it directly to the power control equation in 36.213 (value depending on selection indicated in RAR)
Other question left open in agreemeent made in RAN1 NB-IoT Ad-Hoc #2 is basically whether the NB-PUSCH power control includes any means for network to correct the UE transmission power based through DCI. 
Accounting the increased risk of erroneous PL measurements (due to narrower measurement BW in DL), it would seem preferable to enable network to adjust the UE transmit power via DCI. Hence it is proposed to include 2-bit field to DCI [4] to allow power adjustements using DCI. 

Proposal 3: NB-PUSCH power adjustment using DCI for NB-PUSCH scheduling is supported.
The power adjustment parameter fc(i) in LTE can defined either in accumulated manner or in absolute manner (when accumulation is not enabled). As the NB-IoT transmission are expected to be relatively short, there would not seem to be need to have accumulation, and define power adjustment parameter as fc(i)=δNPUSCH where δNPUSCH corresponds to the TPC command signalled in the NB-PDCCH corresponding to the UL allocation to be transmitted. The values for δNPUSCH could be defined as showin in Table 1. Larger steps are proposed for power increase reduction due to possible noise power accumulation in RSRP measurement [5] leading to too optimistic PL estimate. 
Table 1. Mapping of TPC Command Field in DCI to
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	0
	-2

	1
	0

	2
	3

	3
	6


ACK/NACK on NB-PUSCH
In RAN1 NB-IoT AdHoc #2 it was agreed to use single-tone NB-PUSCH to transmit ACK/NACK and that no piggy packing is supported in Rel-13. ACK/NACK. In LTE the ACK/NACK only transmission allowes different target power setting (compared to PUSCH) and there is no fractional pathloss compensation, given by
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For NB-PUSCH transmission ACK/NACK, it can also be considered to have a different target power and to always compensate fully for the pathloss.  Also, similarly as for NB-PUSCH data transmission, it is proposed that correction factor to account UL numerology (3.75kHz or 15kHz) is included in PO_NPUSCH_ACK,c(i)
Proposal 4: Power control for NB-PUSCH ACK/NACK transmission is given by PNB-PUSCH,c(i) = min{PCMAX,c(i), PO_NPUSCH_ACK,c(i) + PLc} dBm. When the number of repetitions is larger than 2, UE transmits NB-PUSCH carrying ACK/NACK with maximum power PCMAX,c(i).
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. The power head room is given by PHNB-PUSCH,c(i) = PCMAX,c(i)-{10log10(MNPUSCH,c(i))+ PO_NPUSCH(i) + PLc +fc(i)}
The existing power head room reporting is based on Table 9.1.8.4-1 in 36.133, and has 1 dB granularity, with 64 individual values (6bits). Accounting lower range of MNPUSCH,c, the lower expected accuracy for the PL measurement, it is evident that lower granularity than in LTE would be suffient. With 4dB steps, and with 4 bits reserved (as per agreement confirmend in post RAN1 NB-IoT#2 email discussion) for the power head room a range of 64dB could be reached. Naturally the practical step size should be left for RAN4, and depending on the range needed, varying step sizes could also be considered. 
3
Conclusion

In this contribution, we consider uplink power control for NB-IoT and make the following proposals –

Proposal 1: For data transmission, UE transmits NB-PUSCH with maximum power PCMAX,c(i) when the number of repetitions is larger than 2. 
Proposal 2: UL numerology based correction factor is included in PO_NPUSCH,c(j). 
Observation: If the UL numerology related correction factor can be assumed to be fixed, it would be possible to include it directly to the power control equation in 36.213 (value depending on selection indicated in RAR)
Proposal 3: NB-PUSCH power adjustment using DCI for NB-PUSCH scheduling is supported.

Proposal 4: Power control for NB-PUSCH ACK/NACK transmission is given by PNB-PUSCH,c(i) = min{PCMAX,c(i), PO_NPUSCH_ACK,c(i) + PLc} dBm. When the number of repetitions is larger than 2, UE transmits NB-PUSCH carryin ACK/NACK with maximum power PCMAX,c(i).
Proposal 5: NB-IoT power headroom calculation uses Type 1 power headroom calculation from LTE. The power head rooom is given by PHNB-PUSCH,c(i) = PCMAX,c(i)-{10log10(MNPUSCH,c(i))+ PO_NPUSCH(i) + PLc +fc(i)}
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