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1 Introduction
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 e.g. by the scheduler to adapt the transmission parameters, e.g. modulation scheme, coding rate, and resources. Release 13 and 14 NB-IOT UEs can only use 4 values to report the PHR, which puts a limit on the range and granularity of the reportable values. 

The release 15 work item on Further NB-IoT enhancements included an objective to improve the current PHR reporting procedure, as follows [1]:
	UE Feedback

Support of extended NB-IoT power headroom report range and finer granularity[RAN2, RAN4, RAN1]


RAN2 has agreed to allow 2 additional bits which make a total of 16 reportable values possible, see below [2]:
	RAN2 would like to inform RAN4 that 4 bits in the DPR MAC control element can be used to introduce power headroom levels with increased range and granularity for PHR reporting in NB-IoT. This means that up to 16 enhanced power headroom values can be reported with enhanced PHR reporting.


In this contribution we discuss and make our proposal on how the additional values can be used to improve the PHR reporting performance. 
2 Discussions 
The current power headroom reporting tables depend on the UE coverage level and the UE power class, as shown below [2]:
Table 1: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure for UE power class PC3 and PC5
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 2: Power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure for UE power class PC3 and PC5
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


Table 3: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure for UE PC6

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( [5]

	POWER_HEADROOM_1
	[5] ( PH ( [8]

	POWER_HEADROOM_2
	[8] ( PH ( [11]

	POWER_HEADROOM_3
	PH ≥ [11]


Table 4: Power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure for UE PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( [-20]

	POWER_HEADROOM_1
	[-20] ( PH ( [-10]

	POWER_HEADROOM_2
	[-10] ( PH ( [0]

	POWER_HEADROOM_3
	PH ≥ [0]


As RAN2 has agreed to use 2 additional bits to improve the reporting, our view is to use those bits to improve the reporting granularity and ranges of existing tables. Below, we show one example of how this can be done:
Table 5: Proposed power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure for UE power class PC3 and PC5
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( 0

	POWER_HEADROOM_1
	0 ( PH ( 2

	POWER_HEADROOM_2
	2 ( PH ( 4

	POWER_HEADROOM_3
	4 ( PH ( 6

	POWER_HEADROOM_4
	6 ( PH ( 8

	POWER_HEADROOM_5
	8 ( PH ( 10

	POWER_HEADROOM_6
	10 ( PH ( 12

	POWER_HEADROOM_7
	12 ( PH ( 14

	POWER_HEADROOM_8
	16 ( PH ( 18

	POWER_HEADROOM_9
	18 ( PH ( 20

	POWER_HEADROOM_10
	20 ( PH ( 22

	POWER_HEADROOM_11
	22 ( PH ( 24

	POWER_HEADROOM_12
	24 ( PH ( 26

	POWER_HEADROOM_13
	26 ( PH ( 28

	POWER_HEADROOM_14
	28 ( PH ( 30

	POWER_HEADROOM_15
	PH ≥ 30


Table 6: Proposed power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure for UE power class PC3 and PC5
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( -50

	POWER_HEADROOM_1
	-50 ( PH ( -46

	POWER_HEADROOM_2
	-46 ( PH ( -42 

	POWER_HEADROOM_3
	-42 ( PH ( -38

	POWER_HEADROOM_4
	-38 ( PH ( -34

	POWER_HEADROOM_5
	-34 ( PH ( -30

	POWER_HEADROOM_6
	-30 ( PH ( -26

	POWER_HEADROOM_7
	-26 ( PH ( -22

	POWER_HEADROOM_8
	-22 ( PH ( -18

	POWER_HEADROOM_9
	-18 ( PH ( -14

	POWER_HEADROOM_10
	-14 ( PH ( -10

	POWER_HEADROOM_11
	-10 ( PH ( -6

	POWER_HEADROOM_12
	-6 ( PH ( -2

	POWER_HEADROOM_13
	-2 ( PH ( 2

	POWER_HEADROOM_14
	2 ( PH ( 6

	POWER_HEADROOM_15
	PH ≥ 6


The PHR reporting table for UE power class 6 in normal coverage can be the same as in Table 5 since the coverage is likely to be very similar. This is also in line PHR reporting in release 14. However in enhanced coverage, the new values can be adapted to enable reporting of more values in the negative range since the lower power UE is likely to operate using maximum of power. The adaptation can be similar to Table 6. 
Table 7: Proposed power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure for UE power class PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( -45

	POWER_HEADROOM_1
	-45 ( PH ( -42

	POWER_HEADROOM_2
	-42 ( PH ( -39 

	POWER_HEADROOM_3
	-39 ( PH ( -36

	POWER_HEADROOM_4
	-36 ( PH ( -33

	POWER_HEADROOM_5
	-33 ( PH ( -30

	POWER_HEADROOM_6
	-30 ( PH ( -27

	POWER_HEADROOM_7
	-27 ( PH ( -24

	POWER_HEADROOM_8
	-24 ( PH ( -21

	POWER_HEADROOM_9
	-21 ( PH ( -18

	POWER_HEADROOM_10
	-18 ( PH ( -15

	POWER_HEADROOM_11
	-15 ( PH ( -12

	POWER_HEADROOM_12
	-12 ( PH ( -6

	POWER_HEADROOM_13
	-6 ( PH ( -3

	POWER_HEADROOM_14
	-3 ( PH ( 0

	POWER_HEADROOM_15
	PH ≥ 0


3 Summary 
In this contribution, we have discussed enhanced PHR reporting based on the RAN2 agreement to use 2 additional bits to improve the reporting granularity and range. We have made our proposal to use the new bits to improve the reporting performance of existing tables.

· Proposal #1: The additional bits shall be used to improve the reporting granularities and ranges of existing tables as shown in Table 5, 6 and 7.
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