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1. Introduction
In RAN1 #84 meeting, the following agreements on random access were achieved [1]:
Agreements:
· The following numbers of NB-PRACH repetitions are provided in the specifications:

· {1, 2, 4, 8, 16, 32, 64, 128}

· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set.
· Power ramping:
· 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
· Otherwise, the UE uses NB-PRACH power ramping

In RAN1 NB-IoT Ad-Hoc meeting in March 2016, the following agreements were achieved [2]:
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
Agreement:
· 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
In this contribution, remaining issues on uplink power control for NB-IoT are discussed, including NB-PRACH power ramping, NB-PUSCH power control, and NB-PHR calculation and mapping.
2. Uplink power control
2.1. NB-PRACH power ramping
According to the agreements listed above on random access, eNB can configure up to 3 numbers of NB-PRACH repetitions. For the lowest repetition level, UE uses NB-PRACH power ramping.

As for NB-PRACH power ramping, the power ramping procedure in LTE [3] could be reused, i.e., PREAMBLE_ RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Considering that only two preamble formats with different CP lengths are provided in NB-IoT to support different cell sizes, the parameter DELTA_PREAMBLE can be removed.

Proposal 1: NB-PRACH power ramping reuses the power ramping procedure for LTE PRACH with the parameter DELTA_PREAMBLE removed.
2.2. NB-PUSCH power control
Similar to eMTC [4], maximum transmit power could be used by NB-IoT UEs in coverage enhancement scenarios to ensure the coverage performance, while power control procedure shall be implemented for NB-IoT UEs in normal coverage scenario.
Proposal 2: For NB-IoT UEs in coverage enhancement scenarios, maximum transmit power is used.
For uplink power control for NB-PUSCH data transmission, the following two issues are discussed:
· Power difference between 3.75 kHz and 15 kHz subcarrier spacing

Currently, there are two options to solve this issue, one of which is that MNPUSCH,c(i) is defined as the number of subcarriers, and the power difference between 3.75 kHz and 15 kHz subcarrier spacing is included in the PO_NPUSCH,c, specifically, in the UE-specific parameter PO_UE_NPUSCH,c. As we know, the power difference is about 6 dB, and the value range of PO_UE_NPUSCH,c is [-8, 7] dB in legacy LTE system. With this option, the value range of PO_UE_NPUSCH,c would be [-8, 1] dB for a UE with 3.75 kHz subcarrier spacing, and [-2, 7] dB for a UE with 15 kHz subcarrier spacing. So, we don’t think this option is a good choice, because it would affect the value range of the parameter PO_UE_NPUSCH,c, and thus would affect the power control implementation and flexibility.

The other option is that the power difference between 3.75 kHz and 15 kHz subcarrier spacing is reflected in the UL transmission resource BW parameter MNPUSCH,c(i), i.e. MNPUSCH,c(i) is defined as the number of subcarriers for 15 kHz subcarrier spacing, and is set to 1/4 for 3.75 kHz subcarrier spacing. Using a relative resource bandwidth would affect the flexibility and compatibility of the power control procedure.
A better option is that MNPUSCH,c(i) is defined as the number of subcarriers irrespective of subcarrier spacing, and the power difference is included by a predefined power offset parameter Delta. For example, Delta is set to -10*log10(4) dB for 3.75 kHz subcarrier spacing, and is set to 0 dB for 15 kHz subcarrier spacing. This option is equivalent to setting MNPUSCH,c(i) to 1/4 for 3.75 kHz subcarrier spacing, and is more flexible and compatible.
Observation 1: Including the power difference between 3.75 kHz and 15 kHz subcarrier spacing in the PO_NPUSCH,c would affect the value range of the parameter, and thus would affect the power control implementation and flexibility.
Observation 2: Defining MNPUSCH,c(i) as a relative resource bandwidth value 1/4 for 3.75 kHz subcarrier spacing would affect the flexibility and compatibility of the power control procedure.
Proposal 3: MNPUSCH,c(i) is defined as the number of subcarriers irrespective of subcarrier spacing, and the power difference between 3.75 kHz and 15 kHz subcarrier spacing is included by a predefined power offset parameter Delta.
· Closed loop power control

In NB-IoT, the data packet is quite small, and channel variation is very slow, but accurate MCS selection is hard to achieve due to no SRS to estimate the uplink channel quality, then semi-static power control may not satisfy the transmission, closed loop power control could still be used to improve the transmission performance.

Considering the traffic characteristics of NB-IoT, UE may wake up to transmit a data packet and then go to sleep. If only semi-static open loop power control is used, the eNB has no opportunity to adjust the transmit power of UE. In order to ensure the transmission performance, eNB may configure larger transmit power for UE by semi-static power control parameters, which would be power wasted and lead to high interference. With closed loop power control, eNB could properly adjust UE’s transmit power if needed, which is beneficial to power assumption and interference management.
In addition, closed loop power control is an effective way to track and adjust transmission performance cooperating with HARQ process.
The disadvantage is that TPC of 2 bits in DCI is still needed, which has little impact on the detection performance of NB-PDCCH.
Therefore, closed loop power control should be kept for NB-IoT, which is beneficial to the power control flexibility and compatibility.
Proposal 4: Closed loop power control should be kept for NB-IoT, and 2-bit TPC command in DCI is still needed.
For ACK/NACK transmission, only single tone transmission is supported, and pi/2 BPSK and repetition coding are used. The size of resource unit for ACK/NACK transmission is 2 ms for 15 kHz single tone and 8 ms for 3.75 kHz single tone transmission. 
Due to the different transmission schemes between ACK/NACK transmission and data transmission on NB-PUSCH, the target SNR requirements are also different. So, separate power control should be considered for ACK/NACK transmission. 
If the same power control procedure as NB-PUSCH data transmission is used, the received target power configuration PO_NPUSCH,c and fractional pathloss compensation would cause that the received SINR is distributed in a large range, which is not suitable for ACK/NACK transmission, and would lead to worse transmission performance or power waste. 
Further, if the received target power configuration PO_NPUSCH,c is the same as NB-PUSCH data transmission, and full pathloss compensation is used, power waste would be more serious, which is harmful to UE battery life.
Additionally, separate power control for ACK/NACK transmission is more flexible and compatible.
Therefore, for ACK/NACK transmission based on single tone and fixed modulation and coding scheme, simple and separate power control should be considered, i.e. the received target power should be configured separately, full pathloss compensation should be used, and the resource bandwidth parameter usually used for power control with power spectrum density for multi-RB or multi-tone transmission should not be included.
Observation 3: Using the same power control procedure or the same received target power configuration as NB-PUSCH data transmission is not suitable for ACK/NACK transmission, which would lead to worse transmission performance or power waste.

Proposal 5: For uplink power control for ACK/NACK transmission, the received target power should be configured separately, full pathloss compensation should be used, and the resource bandwidth parameter should not be included.
Based on the above discussions, the proposed uplink power control for NB-PUSCH data transmission and ACK/NACK transmission are described as below:
Proposal 6: For NB-PUSCH data transmission, the transmit power PNPUSCH,c(i) for serving cell c and subframe i (for 15 kHz subcarrier spacing) or NB-slot i (for 3.75 kHz subcarrier spacing) is given by
PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c(j)+αc(j)∙PLc+Delta+fc(i)}
where,
· MNPUSCH,c(i) is the bandwidth of the NB-PUSCH resource assignment expressed in number of subcarriers valid for subframe i or NB-slot i and serving cell c, which can be set to 1, 3, 6, 12.
· PO_NPUSCH,c(j)=PO_UE_NPUSCH,c(j)+PO_NOMINAL_NPUSCH,c(j)
· When j = 1, which is used for NB-PUSCH data (re)transmissions, PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers.
· 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 c .
· For j = 1, αc(j) is configured by higher layers. For j = 2, αc(j)=1.
· Delta is a predefined power offset parameter. For 3.75 kHz subcarrier spacing, Delta = -10*log10(4) dB. For 15 kHz subcarrier spacing, Delta = 0 dB.
· fc(i) is the current power adjustment value, which is calculated based on the TPC command in DCI.
Proposal 7: For ACK/NACK transmission, the transmit power PNPUSCH-ACK,c(i) for serving cell c and subframe i (for 15 kHz subcarrier spacing) or NB-slot i (for 3.75 kHz subcarrier spacing) is given by

PNPUSCH-ACK,c(i)=min{PCMAX,c(i), PO_NPUSCH-ACK,c+PLc+Delta}
where,

· PO_NPUSCH-ACK,c=PO_UE_NPUSCH-ACK,c+PO_NOMINAL_NPUSCH-ACK,c, PO_UE_NPUSCH-ACK,c and PO_NOMINAL_NPUSCH-ACK,c are configured by higher layers.
· Delta is a predefined power offset parameter. For 3.75 kHz subcarrier spacing, Delta = -10*log10(4) dB. For 15 kHz subcarrier spacing, Delta = 0 dB.

2.3. NB-PHR calculation and mapping
Currently, RAN1 recommends supporting transmission of NB-PHR with Msg3 of random access procedure using 2 bits for the lowest configured NB-PRACH repetition level.
Due to full pathloss compensation for Msg3 transmission, and fractional pathloss compensation for NB-PUSCH data transmission, NB-PHR calculation could not be based on the transmit power for Msg3 transmission.
One option is that UE calculates single tone level transmit power based on the power control equation and parameter configuration for NB-PUSCH data transmission, and then calculates the NB-PHR, which is similar to the Type 1 PHR calculation when UE does not transmit PUSCH in legacy LTE system. So NB-PHR could be computed by
PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
where, PO_NPUSCH,c(1), αc(1), and PLc are defined for NB-PUSCH data transmission as discussed above, Delta = 0 dB for 15 kHz subcarrier spacing is not needed here, fc(i) is not needed either due to NB-PHR is reported on Msg3.
Considering the number of subcarriers allocated to a NB-IoT UE is from the set {1, 3, 6, 12}, the NB-PHR mapping table could be defined as below, which could be used by eNB to determine the number of subcarriers without exceeding the maximum transmit power.
Table 2.3.1: Power headroom report mapping
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	PH ( 10log10(3)

	POWER_HEADROOM_1
	10log10(3) ( PH ( 10log10(6)

	POWER_HEADROOM_2
	10log10(6) ( PH ( 10log10(12)

	POWER_HEADROOM_3
	PH ≥ 10log10(12)


In order to have a consistent definition for PHR calculation and mapping, reporting the power headroom is better than reporting the supported maximum number of subcarriers [5], and could provide more flexibility for eNB.
Proposal 8: NB-PHR is computed based on single tone level transmit power for NB-PUSCH data transmission: PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
Proposal 9: NB-PHR mapping table is defined as below:
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	PH ( 10log10(3)

	POWER_HEADROOM_1
	10log10(3) ( PH ( 10log10(6)

	POWER_HEADROOM_2
	10log10(6) ( PH ( 10log10(12)

	POWER_HEADROOM_3
	PH ≥ 10log10(12)


3. Conclusions

In this contribution, remaining issues on uplink power control for NB-IoT were discussed, including NB-PRACH power ramping, NB-PUSCH power control, and NB-PHR calculation and mapping. We make the following observations and proposals:
Observation 1: Including the power difference between 3.75 kHz and 15 kHz subcarrier spacing in the PO_NPUSCH,c would affect the value range of the parameter, and thus would affect the power control implementation and flexibility.
Observation 2: Defining MNPUSCH,c(i) to a relative resource bandwidth value 1/4 for 3.75 kHz subcarrier spacing would affect the flexibility and compatibility of the power control procedure.

Observation 3: Using the same power control procedure or the same received target power configuration as NB-PUSCH data transmission is not suitable for ACK/NACK transmission, which would lead to worse transmission performance or power waste.

Proposal 1: NB-PRACH power ramping reuses the power ramping procedure for LTE PRACH with the parameter DELTA_PREAMBLE removed.

Proposal 2: For NB-IoT UEs in coverage enhancement scenarios, maximum transmit power is used.
Proposal 3: MNPUSCH,c(i) is defined as the number of subcarriers irrespective of subcarrier spacing, and the power difference between 3.75 kHz and 15 kHz subcarrier spacing is included by a predefined power offset parameter Delta.
Proposal 4: Closed loop power control should be kept for NB-IoT, and 2-bit TPC command in DCI is still needed.
Proposal 5: For uplink power control for ACK/NACK transmission, the received target power should be configured separately, full pathloss compensation should be used, and the resource bandwidth parameter should not be included.
Proposal 6: For NB-PUSCH data transmission, the transmit power PNPUSCH,c(i) for serving cell c and subframe i (for 15 kHz subcarrier spacing) or NB-slot i (for 3.75 kHz subcarrier spacing) is given by

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

· MNPUSCH,c(i) is the bandwidth of the NB-PUSCH resource assignment expressed in number of subcarriers valid for subframe i or NB-slot i and serving cell c, which can be set to 1, 3, 6, 12.

· PO_NPUSCH,c(j)=PO_UE_NPUSCH,c(j)+PO_NOMINAL_NPUSCH,c(j)
· When j = 1, which is used for NB-PUSCH data (re)transmissions, PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers.
· 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 c .
· For j = 1, αc(j) is configured by higher layers. For j = 2, αc(j)=1.
· Delta is a predefined power offset parameter. For 3.75 kHz subcarrier spacing, Delta = -10*log10(4) dB. For 15 kHz subcarrier spacing, Delta = 0 dB.

· fc(i) is the current power adjustment value, which is calculated based on the TPC command in DCI.
Proposal 7: For ACK/NACK transmission, the transmit power PNPUSCH-ACK,c(i) for serving cell c and subframe i (for 15 kHz subcarrier spacing) or NB-slot i (for 3.75 kHz subcarrier spacing) is given by

PNPUSCH-ACK,c(i)=min{PCMAX,c(i), PO_NPUSCH-ACK,c+PLc+Delta}
where,

· PO_NPUSCH-ACK,c=PO_UE_NPUSCH-ACK,c+PO_NOMINAL_NPUSCH-ACK,c, PO_UE_NPUSCH-ACK,c and PO_NOMINAL_NPUSCH-ACK,c are configured by higher layers.
· Delta is a predefined power offset parameter. For 3.75 kHz subcarrier spacing, Delta = -10*log10(4) dB. For 15 kHz subcarrier spacing, Delta = 0 dB.

Proposal 8: NB-PHR is computed based on single tone level transmit power for NB-PUSCH data transmission: PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
Proposal 9: NB-PHR mapping table is defined as below:

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	PH ( 10log10(3)

	POWER_HEADROOM_1
	10log10(3) ( PH ( 10log10(6)

	POWER_HEADROOM_2
	10log10(6) ( PH ( 10log10(12)

	POWER_HEADROOM_3
	PH ≥ 10log10(12)
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