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1
Introduction
In this contribution we discuss pending NB-IoT power controll requirements.
2
Discussion

2.1
Relative power control

RAN1 has agreed following power control formula for NB-IoT

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

RAN1 has agree that there is no power adjustment parameter in DCI, i.e. fc(i)=0 which mean that there is no need for relative power control requirement for NPUSCH.

However for NPRACH RAN1 has agreed power step values.

· Value set of powerRampingStep is the same as LTE: {0, 2, 4, 6} dB
Hence the relative power control requirement should be defined only for NPRACH and power steps of 2, 4, 6 dB.

As a basis for NPRACH we take a llok LTE PRACH relative power tolerance requirement

Table 1: LTE PRACH requirement

	Power step P (Up or down) 

 [dB]
	PRACH [dB]

	ΔP < 2
	±2.5

	2 ≤ ΔP < 3
	±3.0

	3 ≤ ΔP < 4
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0

	10 ≤ ΔP < 15
	±5.0

	15 ≤ ΔP
	±6.0


However as LTE UL and NB-IOT UL transmisions are very different we take a look what were the assumptions behind the numbers in Table 1. When LTE power control was discussed there were number of differences that were taken into account when comparing to WCDMA [1]

1. Minimum power control accuracy is ± 0.5 dB even when there is no power change between sub-frames

2. LTE UL power control accuracy requirements are relaxed ± 1.5 dB compared to WCDMA because of duplex filter ripple

3. In extreme conditions the power control accuracy requirement is relaxed ± 2.0 dB compared to normal conditions

4. LTE UL power control accuracy requirements are relaxed ± 0.5 dB compared to WCDMA because of transmission time gaps. 

Following requirement was discussed in RAN4#79 as a compromice between UE complexity and system performance

Proposal 1: NPRACH relative power tolerance is specified as

	Power step P 

 [dB]
	NPRACH [dB]

	ΔP = 0
	±1.5

	ΔP = 2
	±2.0

	ΔP = 4
	±3.5

	ΔP = 6
	±4.0


Proposal 2:  For ETC conditions additional ± 2,0 dB error is allowed for NPRACH.
2.2
Aggregate power control

It would be beneficial to have a aggregate power control requirement for contiguous NPUSCH. Requirement should be set so that that the max length of the requirement equals the time that will be agreed in UCG discussion as maksimum transmission time between the gaps. What the tolerance for this would be needs to be discussed after the maximum length is know.
Proposal 3: Aggregate power control requirement for contiguous NPUSCH will be defined. Details will be discussed once the UCG discussion has concluded the maksimum contiguous transmission time.

3
Summary

In this contribution we have made proposal for NPRACH relative power tolerance requirement.
Proposal 1: NPRACH relative power tolerance is specified as

	Power step P 

 [dB]
	NPRACH [dB]

	ΔP = 0
	±1.5

	ΔP = 2
	±2.0

	ΔP = 4
	±3.5

	ΔP = 6
	±4.0


Proposal 2:  For ETC conditions additional ± 2.0 dB error is allowed for NPRACH.
For Aggregate power control we have made proposal
Proposal 3: Aggregate power control requirement for contiguous NPUSCH will be defined. Details will be discussed once the UCG discussion has concluded the maksimum contiguous transmission time.
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8.1
Transmitter characteristics
8.1.X
Relative power control
RAN1 has agreed following power control formula for NB-IoT

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

RAN1 has agree that there is no power adjustment parameter in DCI, i.e. fc(i)=0 which mean that there is no need for relative power control requirement for NPUSCH.

However for NPRACH RAN1 has agreed power step values.

· Value set of powerRampingStep is the same as LTE: {0, 2, 4, 6} dB
Hence the relative power control requirement should be defined only for NPRACH and power steps of 2, 4, 6 dB.

As a basis for NPRACH we take a llok LTE PRACH relative power tolerance requirement

Table 1: LTE PRACH requirement

	Power step P (Up or down) 

 [dB]
	PRACH [dB]

	ΔP < 2
	±2.5

	2 ≤ ΔP < 3
	±3.0

	3 ≤ ΔP < 4
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0

	10 ≤ ΔP < 15
	±5.0

	15 ≤ ΔP
	±6.0


However as LTE UL and NB-IOT UL transmisions are very different we take a look what were the assumptions behind the numbers in Table 1. When LTE power control was discussed there were number of differences that were taken into account when comparing to WCDMA [1]

5. Minimum power control accuracy is ± 0.5 dB even when there is no power change between sub-frames

6. LTE UL power control accuracy requirements are relaxed ± 1.5 dB compared to WCDMA because of duplex filter ripple

7. In extreme conditions the power control accuracy requirement is relaxed ± 2.0 dB compared to normal conditions

8. LTE UL power control accuracy requirements are relaxed ± 0.5 dB compared to WCDMA because of transmission time gaps. 

Following requirement was discussed in RAN4#79 as a compromice between UE complexity and system performance

Proposal 1: NPRACH relative power tolerance is specified as

	Power step P 

 [dB]
	NPRACH [dB]

	ΔP = 0
	±1.5

	ΔP = 2
	±2.0

	ΔP = 4
	±3.5

	ΔP = 6
	±4.0


Proposal 2:  For ETC conditions additional ± 2.0 dB error is allowed for NPRACH.
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