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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 (power class 6) 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. 
Since power is reduced by 9 dBm, the lower bound of the power headroom needs to be reported by the same factor for power class 6 UEs. Category NB2 UEs may also support power class 3 and 5 in which case the existing reporting requirements defined for category NB1 shall appy. 
Table 3: Power headroom report mapping for UE category NB2 in normal coverage for UE PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-32] ( PH ( [7]

	POWER_HEADROOM_1
	[7] ( PH ( [9]

	POWER_HEADROOM_2
	[9] ( PH ( [11]

	POWER_HEADROOM_3
	PH ≥ [11]


Table 4: NB-IOT power headroom report mapping in enhanced coverage for UE PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-32] ( PH ( [-22]

	POWER_HEADROOM_1
	[-22] ( PH ( [-12]

	POWER_HEADROOM_2
	[-12] ( PH ( [2] 

	POWER_HEADROOM_3
	PH ≥ [2]


· Proposal #1:  The power headroom reporting for category NB2 UEs with power class 6 is defined as in Table 3 and 4. 
Given the poor measurement performance in enhanced coverage for NB-IOT, RAN4 shall look into the possibility to improve power headroom reporting at enhanced coverage. This can be achieved by using more bits for reporting, e.g. using 3 bits instead of 2, which will enable the UE to report finer and more reliable values. This requires RAN2 to define the additional bit.

· Proposal #2: RAN4 shall discuss means to further improve the PHR reporting reliability.  
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:  The power headroom reporting for category NB2 UEs with power class 6 is defined as in Table 3 and 4. 
· Proposal #2: RAN4 shall discuss means to further improve the PHR reporting reliability.  
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