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1 Introduction
In RAN4 #79 meeting there were some discussion on the PHR RRM requirements for NB-IoT [1][2]. However there was no consensus. In this contribution, we will give our analysis on the RRM impacts of PHR. 
2 Legacy PHR requirements
The following requirements are defined for PHR in RAN4 RRM specification, PHR estimation period, PHR reporting delay and reporting range mapping.
/*-----------------*/

9.1.8
Power Headroom

The requirements in this clause shall apply for power headroom Type 1 and for power headroom Type 2, which are specified in clause 5.1.1.2 in [3].

For a UE not configured with a secondary cell, the power headroom provides the serving eNB with information about the differences between the UE configured maximum output power (PCMAX,) defined in TS 36.101 [5] and the estimated power for UL-SCH transmission of the serving cell [3]. In this case the UE shall meet requirements for power headroom Type 1.

For a UE configured with a secondary cell, the power headroom provides the serving eNB with information about the differences between the UE configured maximum output  power (PCMAX,c) defined in TS 36.101[5] and the estimated power for UL-SCH transmission per activated serving cell c, or the estimated power for simultaneous PUSCH and PUCCH transmission on PCell [3]. In this case the UE shall meet requirements for both power headroom Type 1 and Type 2.

9.1.8.1
Period

The reported power headroom shall be estimated over 1 subframe.
When extendedPHR is not configured [17], the Type 1 power headroom shall be estimated for the primary serving cell as defined in clause 5.1.1.2 in TS 36.213 [3].
When extendedPHR is configured [17], the Type 1 and Type 2 power headroom shall be estimated for each activated serving cell with configured uplink as defined in clause 5.1.1.2 in TS 36.213 [3].
9.1.8.2
Reporting Delay

The power headroom reporting delay is defined as the time between the beginning of the power headroom reference period and the time when the UE starts transmitting the power headroom over the radio interface. The reporting delay of the power headroom shall be 0 ms, which is applicable for all configured triggering mechanisms for power headroom reporting.
9.1.8.3
Void

9.1.8.4
Report Mapping

The power headroom reporting range is from -23 ...+40 dB. Table 9.1.8.4-1 defines the report mapping.

Table 9.1.8.4-1: 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 


/*-----------------*/

3 Analysis
Following the agreements for NB-IoT on power headroom i.e.
/*-----------------*/

16.2.1.1.2
Power headroom
If the UE transmits NPUSCH in NB-IoT UL slot 
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, power headroom is computed using 
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, are defined in subclause 16.2.1.1.1. 

The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10] and is delivered by the physical layer to higher layers.
/*-----------------*/

It is obvious that the PHR estimation period for NB-IoT is based per slot rather than per subframe which is employed in LTE. The reason is that there is no subframe concept introduced in uplink transmission for NB-IoT. When only single-tone transmission with 3.75 kHz subcarrier spacing is used for uplink the slot duration is 2ms while 0.5ms for other cases. Therefore the period requirements should be updated to per slot.
Proposal 1: The reported power headroom for NB-IoT shall be estimated over 1 slot.

Proposal 2: The legacy reporting delay i.e. 0ms should be kept.

The reporting mapping table should also be updated because it has been agreed in RAN1 that

The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10] and is delivered by the physical layer to higher layers.
It could be seen that the set size of PHR is only four. The main motivation is to reflect the impacts of 
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 in the following PHR formula which is {1, 3, 6, 12}for 15kHz subcarrier spacing. This is different from LTE. The main reason is that once the uplink transmission is started the corresponding resource will not be changed for a relatively long time e.g. during the resource unit time. 
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Then the PHR mapping table should be designed following this.

The principle is to keep the upper bound of the each PHR reflect the difference due to the number of subcarriers.
Table 2: NB-IoT Power headroom report mapping

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < 0

	POWER_HEADROOM_1
	0 ( PH < 5

	POWER_HEADROOM_2
	5 ( PH < 8

	POWER_HEADROOM_3
	PH ≥ 8


Proposal3: the NB-IoT PHR mapping table is 

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < 0

	POWER_HEADROOM_1
	0 ( PH < 5

	POWER_HEADROOM_2
	5 ( PH < 8

	POWER_HEADROOM_3
	PH ≥ 8


Conclusion
This contribution provides the analysis on impacts of NB-IoT on PHR requirements. It is proposed that

Proposal 1: The reported power headroom for NB-IoT shall be estimated over 1 slot.

Proposal 2: The legacy reporting delay i.e. 0ms should be kept.
Proposal3: the NB-IoT PHR mapping table is 

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < 0

	POWER_HEADROOM_1
	0 ( PH < 5

	POWER_HEADROOM_2
	5 ( PH < 8

	POWER_HEADROOM_3
	PH ≥ 8
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