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1
Introduction
Prior discussions on the topic of PHR for NB-IoT [1] covered a range of potential solutions, spanning a “negative infinity” report definition to an MCL-dependent offset to the minimum reported value.  Looking at this in more detail, it is our understanding that the debate is rather arbitrary, since the PHR equation depends on the nominal NPUSCH power parameter, which is signaled by the network.

During the RAN4 #82bis meeting it was agreed to preclude the “negative infinity” option and to set the lower bound to TBD.

This paper shares Intel’s views on this topic.
2
Discussion

Considering the single-carrier uplink transmission, one example of the PHR calculation is provided in Table 1 below.
Table 1: PHR example with a single subcarrier transmission

	Parameter
	Unit
	Value
	Notes

	Scenario
	 
	PC3, 15 kHz spacing, 1 SC, MPR=0

	PC3 Max Tx Power
	dBm
	23.0
	 

	Channel BW
	Hz
	200,000.0
	 

	SCS
	Hz
	15,000.0
	 

	M_NPUSCH (Num SC)
	 
	1
	{1/4} for 3.75 kHz SCS; {1,3,6,12} for 15 kHz SCS

	Transmission BW
	dB
	15,000.0
	 

	MPR
	dB
	0.0
	No MPR needed for single-tone according to our analysis

	P_CMAX
	dBm
	23.0
	 

	Path Loss
	dB
	164.0
	MCL = 164 dB

	p0-NominalNPUSCH
	dB
	-126.0
	{-126..24}

	p0-UE-NPUSCH
	dB
	0.0
	{-8..7}

	P_O_NPUSCH
	dB
	-126.0
	for j=1 (initial transmission)

	alpha
	 
	1.0
	{0,0.4,0.5,0.6,0.7,0.8,0.9,1.0}

	P_NPUSCH
	dBm
	23.0
	 

	PH
	dB
	-15.0
	 

	Num BS antennas
	 
	2
	 

	Effective received power
	dBm
	-138.0
	 

	Thermal noise density
	dBm/Hz
	-174.0
	 

	Receiver Nf
	dB
	5.0
	BS Nf

	Interference margin
	dB
	0.0
	 

	Effective noise power
	dBm
	-127.2
	 

	Target SNR
	dB
	-10.8
	Compare to Table 8.5.1.1.1-2 in 36.104


Observation 1: The value of p0-NominalNPUSCH influences the value of PH directly; it is possible to set p0-NominalNPUSCH to its maximal value of 24 dBm and achieve a PH value of -165 dB.

We compare the target SNR in our example to the eNB demodulation requirements in 36.104:
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We observe that in our example a further 2 dB of path loss may be needed to achieve the SNR conditions captured in Table 8.5.1.1.1-2 in 36.104. However, the example is a useful illustration of some possible network-configured parameters (such as p0-NominalNPUSCH), which result in a PHR value of -15, which is well within the legacy PHR range.
Proposal 1: It is proposed to reuse the legacy LTE PHR table for the Rel-13 NB-IoT

Considering the RL=1 test case in 36.104, the target SNR is defined to be -2.1 dB.  One possible motivation for the power headroom report is to enable the network to track the UE’s power level and coupling loss as a difference between a nominal output power which can achieve RL=1 and the current output power which achieves the RL necessary to overcome the actual path loss.  In the example provided, in order to achieve PHR=0 for a target SNR=-2 dB, p0-NominalNPUSCH should be set to -132 dB.  This value is 6 dB lower than the lowest allowed value for the IE.

Proposal 2: Based on an analysis of the BS demodulation requirements (Clause 8.5 in TS36.104), the range for p0-NominalNPUSCH, which corresponds to a nominal UE Tx power corresponding to RL=1, is not expected to extend much higher above -126 for single-subcarrier transmissions. Thus, it is proposed to offset the range of p0-NominalNPUSCH in order to give the network a more reasonable target for the nominal UE Tx power. Currently this range is {-126..24}, and the proposal is for {-136..14}

Proposal 3: As an alternative to Proposal 2, it may be useful to offset p0-NominalNPUSCH by the MCL difference between NB-IoT and LTE of 20 dB; thus, the alternative proposal is for {-146, 4}.

Considering the 12 subcarrier case, we observe that the noise power at the eNB increases by 10*log10(12) = 10.8 dB, and higher-power transmissions are needed to achieve the SNR targets listed in Table 8.5.1.1.1-3 in 36.104:
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Proposal 4: for 12-subcarrier transmissions, the nominal Tx power should be increased by 10*log10(12) = 10.8 dB =~ 10 dB in order to achieve the single-repetition level SNR at the BS. With the proposed offset, there is no problem to accommodate this in the range of p0-NominalNPUSCH
3
Conclusions

This paper has addressed the topic of PHR for NB-IoT and has provided the following proposals:
Proposal 1: It is proposed to reuse the legacy LTE PHR table for the Rel-13 NB-IoT.
Proposal 2: Based on an analysis of the BS demodulation requirements (Clause 8.5 in TS36.104), the range for p0-NominalNPUSCH, which corresponds to a nominal UE Tx power corresponding to RL=1, is not expected to extend much higher above -126 for single-subcarrier transmissions. Thus, it is proposed to offset the range of p0-NominalNPUSCH in order to give the network a more reasonable target for the nominal UE Tx power. Currently this range is {-126..24}, and the proposal is for {-136..14}.
Proposal 3: As an alternative to Proposal 2, it may be useful to offset p0-NominalNPUSCH by the MCL difference between NB-IoT and LTE of 20 dB; thus, the alternative proposal is for {-146, 4}.

Proposal 4: for 12-subcarrier transmissions, the nominal Tx power should be increased by 10*log10(12) = 10.8 dB =~ 10 dB in order to achieve the single-repetition level SNR at the BS. With the proposed offset, there is no problem to accommodate this in the range of p0-NominalNPUSCH.
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