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1 Introduction
A new power class is being introduced for NB-IOT in release 14 which has reduced nominal maximum output power compared to release 13 NB-IOT UEs. The new power class is expected to support a maximum output power of 14 dBm. This can be compared to release 13 NB-IOT UEs that can support power class 3 and 5 corresponding to 23 dBm and 20 dBm respectively.  In this contribution we discuss the impact of this new lower power class on the current PHR reporting requirements. 
2 Discussions 
One type of reporting that is used by the UE to report results of the measurement to the eNodeB is the power headroom report mapping. Power headroom (PH) reporting is used by the UE to inform the serving eNodeB about the power usage, i.e. amount of transmission power available at the UE. This information is later used by the uplink scheduler to adapt the transmission parameters, e.g. modulation scheme, coding rate, and resources. The PH may also be used by the eNodeB for other tasks or procedures e.g. uplink power control, link adaption, mobility, positioning, determination of UE coverage wrt serving cell etc.
The power headroom is defined as the difference between the UE nominal maximum output power or the UE configured power and the estimated output power. It is typically expressed in log scale. It is also measured and reported per component carrier in case the UE is configured with multicarrier operation e.g. CA, DC etc. NB-IOT UE is one type of low cost and low complexity UE. For such UE, the power headroom is defined as follows:

PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}

The value of PH(i) can be either negative or positive. A negative value means that the serving eNodeB has scheduled this UE with a data rate higher than what the UE can handle, i.e. UE is limited by PCMAX,c(i). A positive value on the other hand means that UE has power left, i.e. it is not using the maximum power and/or can handle a higher data rate that what is currently scheduled with. 

The NB-IOT UE reports the power headroom information using the message 3 (Msg3) in random access procedure using 2 bits for the lowest configured NB-PRACH repetition level. This means that 4 different values can be reported. The current power headroom report mapping depends on the coverage mode of the UE. One type of reporting table is used when the UE is determined to be in normal coverage (see Table 1) and another table when the UE is in enhanced coverage (see Table 2). The main difference is in the reporting ranges (i.e. the lowest and the highest possible values that can be reported) and the reporting resolution. 

Table 1: Power headroom report mapping for UE category NB1 in normal coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 2: NB-IOT power headroom report mapping in enhanced coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


The power headroom report mapping tables above (1 and 2) are derived assuming 23 dBm transmit power UEs, i.e. legacy type of UEs with power class 3. Tables 1 and 2 are indeed applicable for all the existing NB-IoT UE power classes i.e. power class 3 (23 dBm) and power class 5 (20 dBm). But this reporting may not work well for the low power-class UEs e.g. below 20 dBm such as 14 dBm UE.

· Observation #1: The existing power headroom report mapping tables are derived assuming 23 dBm transmit power UEs, i.e. legacy type of UEs with power class 3.
· Observation #2: The existing power headroom report mapping may not work well for the low power-class UEs, e.g. 14 dBm UE. 
Firstly, within a certain coverage mode (e.g. normal coverage mode) the maximum power that can be used for power headroom reporting will be different than the current UEs. The lowest value that can be reported in Table 1-2 is -23 dBm. This means that the network can grant the UE to transmit signals using various MCS, coding rate and resources such that this limit on maximum transmit power is not exceeded. 

However, a UE with a low power-class cannot go down to this level, i.e. the cap will be much higher. For a UE with power-class of 14 dBm, the lowest possible reportable value will be -14. An impact on the minimum reportable value will certainly have an impact on the other values such as the reporting resolution and the maximum possible reportable value since the number of values that can be reported is fixed regardless of the power-class for NB-IOT. This will enable the UE to report the power headroom more accurately, and this will in turn result in that more suitable scheduling resources that match the UE’s capability in terms of maximum usable power are selected in the eNodeB.

Furthermore, it is expected that the target MCL for the low power-class UE is lower than that of an enhanced coverage mode UE which can be e.g. -164 dB. This means that the resolution can be different since the number of reportable values is still limited to 4. It serves as another rationale for defining a new separate power headroom reporting table for low power-class UE. 

There are two options to develop the PHR reporting tables for the lower power-class UEs. 
The first option is to define one new reporting table as shown in Table 3 that is applicable regardless of the coverage mode. In this example, it is assumed that the UE can report two values in the negative ranges and two values in the positive ranges. Since the low power-class UEs are not expected to operate under deep enhanced coverage, this option could be considered. 
Table 3: Example 1, power headroom report mapping for low power-class UEs (e.g. 14 dBm)

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-14 ( PH ( -9

	POWER_HEADROOM_1
	-9 ( PH ( 0

	POWER_HEADROOM_2
	0 ( PH ( 8

	POWER_HEADROOM_3
	PH ≥ 8


In the second option of power headroom reporting table, there could still be two reporting tables, i.e. one for each coverage mode. But the reporting resolution could be different as shown in Table 4 and 5. The advantage of this is that UE can report more values in the positive ranges when operating in normal coverage and more values in the negative ranges when operating in enhanced coverage because in that case UE is expected to be power-limited. This follows the existing PHR reporting behaviour that depends on the coverage mode for release 13 NB-IOT. Therefore our proposal is to use the second option to define the PHR reporting requirements for the new low power-class UEs of NB-IOT. 
· Proposal #1:  The power headroom reporting of release 14 low power-class UEs of NB-IOT specified as in Table 4 and 5 for normal and enhanced coverage respectively. 
Table 4: Power headroom report mapping for low power-class UEs in normal coverage (e.g. 14 dBm)
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-14 ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 5: Power headroom report mapping for low power-class UEs in enhanced coverage (e.g. 14 dBm)
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-14 ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


There is a clear advantage in having the PHR reporting that depends on the power-class of the UE in instead of having a fixed reporting that is used regardless of the power-class. This will provide the serving eNodeB with more accurate information on the actual power usage in the UE, and the eNodeB can then adapt its scheduling resources accordingly.
3 Summary 
A new power class is being introduced for NB-IOT in release 14 which has reduced nominal maximum output power compared to release 13 NB-IOT UEs. In this contribution we have discussed the impact of this new lower power class on the current PHR reporting requirements. Based on the discussions, we have made the follow observations and proposal:
· Observation #1: The existing power headroom report mapping tables are derived assuming 23 dBm transmit power UEs, i.e. legacy type of UEs with power class 3.

· Observation #2: The existing power headroom report mapping may not work well for the low power-class UEs, e.g. 14 dBm UE. 

· Proposal #1:  The power headroom reporting of release 14 low power-class UEs of NB-IOT specified as in Table 4 and 5 for normal and enhanced coverage respectively. 
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