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1 Introduction
Good progress was made at RAN4#79 meeting as the core requirement work of NB-IOT was completed. Performance work is currently ongoing. One of the open issues in performance part that needs to be resolved is the power headroom reporting. In this contribution, we provide our view to resolve this issue. 

2 Discussions 
2.1 Previous Agreements

RAN1 has discussed power headroom for NB-IOT and their agreements are summarized as follows:

	· Power headroom
· 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

· 2 bits agreed for power headroom report
· Power headroom

· NB-PHR is computed based on a 15kHz single-tone transmit power for NB-PUSCH data transmission regardless of the actual subcarrier spacing: 

PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
· There will be 4 reportable values of PHR
·  Exact values to be determined by RAN4 and specified in 36.133.


2.2 Discussion
Power headroom reporting is used by the UE to inform the serving eNB 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 power headroom is defined as the difference between the nominal maximum output 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 multiple carrier operation. For NB-IOT, 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 eNB 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 or can handle a higher data rate. 
According to RAN1 agreements, the NB-PHR is reported in Msg3 of random access procedure using 2 bits for the lowest configured NB-PRACH repetition level. This means that 4 different values can be reported compared to 64 values with legacy LTE, see Table 1. 
Table 1: Legacy LTE power headroom report mapping

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( -22

	POWER_HEADROOM_1
	-22 ( PH ( -21

	POWER_HEADROOM_2
	-21 ( PH ( -20

	POWER_HEADROOM_3
	-20 ( PH ( -19

	POWER_HEADROOM_4
	-19 ( PH ( -18

	POWER_HEADROOM_5
	-18 ( PH ( -17

	(
	(

	POWER_HEADROOM_57
	34 ( PH ( 35

	POWER_HEADROOM_58
	35 ( PH ( 36

	POWER_HEADROOM_59
	36 ( PH ( 37

	POWER_HEADROOM_60
	37 ( PH ( 38

	POWER_HEADROOM_61
	38 ( PH ( 39

	POWER_HEADROOM_62
	39 ( PH ( 40

	POWER_HEADROOM_63
	PH ≥ 40 


In comparison to legacy LTE, only lower-order modulation scheme is supported for NB-IOT. For LTE higher order modulation schemes such as QPSK, 16QAM, 64QAM while only QPSK/BPSK is used in NB-IOT.
It is clear that the existing resolution cannot be maintained since only 4 values can be reported. The question is then what resolution to use for NB-IOT. In our view, the coverage area plays a key role here. A UE in normal coverage may experience decent channel quality similar to legacy LTE while an UE in enhanced coverage may have much poorer channel quality. From a power headroom reporting perspective, UE may operate using the maximum power in enhanced coverage compared to normal coverage. Therefore it is relevant to have a finer reporting resolution in the lower reporting range (negative values). In normal coverage, on the other hand, it is more relevant to have finer reporting resolution in the higher reporting range (positive values) since UE is in good coverage and it may not always use the maximum power, or the highest repetitions or more resources. Therefore we propose to specify one set of reporting resolution for normal coverage operation and another set of reporting range for enhanced coverage. Our proposals are presented below:
Table 2: NB-IOT power headroom report mapping in normal coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( 4

	POWER_HEADROOM_1
	4 ( PH ( 16

	POWER_HEADROOM_2
	16 ( PH ( 28

	POWER_HEADROOM_3
	PH ≥ 28


Table3: NB-IOT power headroom report mapping in enhanced coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( -11

	POWER_HEADROOM_1
	-11 ( PH ( 1

	POWER_HEADROOM_2
	1 ( PH ( 13

	POWER_HEADROOM_3
	PH ≥ 13


· Proposal #1:  The power headroom reporting of NB-IOT UE in normal coverage is specified as in Table 2 with higher resolution on the positive range.
· Proposal #2:  The power headroom reporting of NB-IOT UE in enhanced coverage is specified as in Table 3 with higher resolution in the negative range. 
3 Summary 
In this contribution we provided our view on power headroom reporting resolution based on RAN1 agreement. In our view, it is relevant to differentiate the power headroom reporting in normal- and enhanced coverage. In normal coverage, UE may operate under quite good channel conditions which mean that it may not always use the maximum resources. Therefore it is relevant to have finer reporting granularity in the higher ranges of NB-PHR. The UE in enhanced coverage, on the other hand, has to support operation down to -15 dB SNR, which requires operation using higher repetitions and more resources. It is highly likely that such UE operates using the maximum power. Therefore it is more relevant to have higher granularity in the lower ranges of NB-PHR. We have made the following proposals based on the discussions: 
· Proposal #1:  The power headroom reporting of NB-IOT UE in normal coverage is specified as in Table 2 with higher resolution on the positive range.
· Proposal #2:  The power headroom reporting of NB-IOT UE in enhanced coverage is specified as in Table 3 with higher resolution in the negative range. 
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