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1. Introduction

In last RAN4 #80 meeting, RRM requirements on Power Headroom for UE category NB1 were discussed and a CR [1] was agreed to introduce corresponding requirements into TS36.133. However, there are still some uncertainties, e.g. there are square brackets in PHR reporting mapping. In this contribution, we provide further analysis on these uncertainties.
2. Existing PHR requirements for NB-IoT
Informatively, the following RRM requirements defined for PHR are duplicated from the agreed CR [1]

/*-----------------*/
9.1.23
Power Headroom for UE Category NB1 
The requirements in this clause shall apply for power headroom for UE Category NB1 as defined in [31].

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-NSCH transmission of the serving cell [3]. 
9.1.23.1
Period

The reported power headroom shall be estimated over 1 subframe of NPUSCH transmissions.
9.1.23.2
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.
9.1.23.3
Report Mapping for UE Category NB1

9.1.23.3.1
Report Mapping for UE Category NB1 in normal coverage
The power headroom reporting range is from -23 ...+28 dB for UE category NB1 in normal coverage. Table 9.1.23.3.1-1 defines the report mapping.

Table 9.1.23.3-1: Power headroom report mapping for UE category NB1 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]


9.1.23.3.2
Report Mapping for UE Category NB1 in enhanced coverage
The power headroom reporting range is from -23 ...+13 dB for UE category NB1 in enhanced coverage. Table 9.1.23.3.2-1 defines the report mapping.

Table 9.1.23.3.2-1: 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]


/*-----------------*/
3. Discussion
3.1. Evaluation period
For information, following are the agreements for NB-IoT on power headroom for NPUSCH agreed in RAN1:

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

3.1.1.1.1 16.2.1.1.2
Power headroom
If the UE transmits NPUSCH in NB-IoT UL slot 
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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 (as yellow highlight above) 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, as specified in TS36.211:
	/*-----------------*/
3.1.2. 10.1.2
Slot structure and physical resources

10.1.2.1
Resource grid

A transmitted physical channel or signal in a slot is described by one or several resource grids of 
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 SC-FDMA symbols. The resource grid is illustrated in Figure 10.1.2.1-1. The slot number within a radio frame is denoted 
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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.
3.2. Reporting mapping 
Before we come to the discussion of NB-IoT PHR mapping, it is better to clearly understand the intention of PHR. 
In legacy LTE, UE reporting its available power headroom to used for assisting eNB to schedule the uplink transmission resources to different UEs in an appropriate way. After receiving PHR from UEs, eNB can determine how many uplink PRBs each UE is capable of using. This can help to avoid allocating uplink PRBs for the UE which are unable to use them. Due to orthogonal uplink design, no other UE would be able to use such PRBs. Consequently, network capacity would be wasted.
Observation 1: PHR is used to assist the eNB to determine how much more uplink resources a UE is capable of using.
As for NB-IoT, the fundamental idea of PHR is basically the same as LTE. Network needs PHR to determine how much resources shall be allocated for the associated UE. One difference is that 6 bits PHR is employed for LTE, which enable a LTE UE to support 1dB resolution from -23dB to 40dB reporting. The reason is that in LTE UE can support various uplink bandwidth (from 1 to 100 PRBs) and MCS transmission, which give eNB a variety of degrees of freedom when scheduling. However, a category NB1 UE can support at most 1 PRB uplink transmission. More specifically, only four different bandwidth uplink transmissions are supported, i.e. single tone, 3 tones, 6 tones and 12 tones transmission, respectively. Furthermore, only BPSK and QPSK are supported for NPUSCH. In a word, there is no much freedom when network perform uplink scheduling. And that is also the reason why 2 bits PHR is adopted. 
Regarding NPUSCH uplink power control, RAN1 has following agreements:
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If we compare the PHR formula with NPUSCH UL power control formula, it can be observed that during the PHR evaluation, 
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That means power headroom in NB-IoT is calculated based on single tone uplink transmission. 

Observation 2: power headroom for NB-IoT is evaluated based on single tone uplink transmission.
Therefore, network should be able to determine how many tones the associated UE is capable of using according to this single tone based power headroom reporting . Assuming X is the power headroom, it’s quite straightforward that if X is more than 4.77dB (10*log(3)≈4.77), then UE is assumed to be able to support 3 tones transmission under current path loss, considering the uplink power is the same for each tone (in multi tones transmission). Similarly, if power headroom is more than 7.78dB or 10.79dB, that means UE can respectively support 6 tones or 12 tones uplink transmission. Meanwhile, if the power headroom is less than 4.77dB, only single tone transmission is capable. Therefore, considering some implementation margin, the following mapping table is proposed:
Table 1: NB-IoT Power headroom report mapping under normal coverage
	Reported value
	Measured quantity value (dB)
	Maximum tones supported

	POWER_HEADROOM_0
	-23 ( PH < 5
	1

	POWER_HEADROOM_1
	5 ( PH < 8
	3

	POWER_HEADROOM_2
	8 ( PH < 11
	6

	POWER_HEADROOM_3
	PH ≥ 11
	12


In legacy LTE the negative part of the PHR range enables the UE to signal to the eNB the extent to which it has received an uplink resource grant which would require more transmission power than the UE has available. When we come to NB-IoT, the power headroom could also be negative even if it’s single tone transmission considering 20dB coverage enhancement. In that case network can’t reduce the uplink transmission resources any further. However, repeated transmission can compensate the power insufficiency at a certain extent.
Note that table 1 is applicable for normal coverage. As for enhanced coverage scenario, it’s unlikely that UE can support quite large bandwidth uplink transmission, e.g. 12 tones. In fact, UE most of time would report negative power headroom to ask for repeated uplink transmission. Thus under enhanced coverage, the intention of PHR is most likely not to assist network to determine the uplink transmission bandwidth any more. In fact, the intention is to assist network to determine the uplink repetition level.
Observation 3: PHR from the UE under enhanced coverage can be used to assist network to determine the associated uplink repetition level.

The repetition number for NPUSCH is specified in RAN1 specification TS36.213 section 16.5. 
Table 16.5.1.1-3: Number of repetitions (
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	Power headroom (dB)

	0
	1
	-2

	1
	2
	-5

	2
	4
	-8

	3
	8
	-11

	4
	16
	-14

	5
	32
	-17

	6
	64
	-20

	7
	128
	-23


As can be observed in above table, the maximum NPUSCH repetition number is 128. If we reuse -23dB as the lower bound of PHR from LTE. Then 128 times repetition corresponds to -23dB. Therefore, we add a column in above table to show the power headroom for each repetition level. Note that the evaluation accuracy of PHR is determined by NRSRP measurement accuracy. Considering poor measurement accuracy and there are only two bits supported, the following mapping table is proposed for enhanced coverage.
Table 2: NB-IoT Power headroom report mapping under enhanced coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < -13

	POWER_HEADROOM_1
	-13 ( PH < -5

	POWER_HEADROOM_2
	-5 ( PH < 5

	POWER_HEADROOM_3
	PH ≥ 5


Then network can pick the repetition level accordingly:
· If POWER_HEADROOM_0 is reported, that means more than 16 times repetition is needed.
· Else if POWER_HEADROOM_1 is reported, that means repetition is needed, but the repetition level doesn’t need to be very high, e.g. no more than 16.

· Else if POWER_HEADROOM_2 is reported, that means 2 times repetition is ok or even no repetition is needed.

· Else if POWER_HEADROOM_3 is reported, that means the link quality is quite good and UE is capable of at least 3 tones transmission. This provides some probability that a UE under enhanced coverage can be configured with multi tones transmission. That give some freedom when network determine the coverage level. Also, this also give some implementation margin for UE to determine which coverage level it belongs. 

Hence we can have following proposal:
Proposal 2: adopt the following mapping tables for NB-IoT PHR.

Table 1: NB-IoT Power headroom report mapping under 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 under enhanced coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < -13

	POWER_HEADROOM_1
	-13 ( PH < -5

	POWER_HEADROOM_2
	-5 ( PH < 5

	POWER_HEADROOM_3
	PH ≥ 5


4. Conclusions

In this contribution, we extensively discuss the PHR for NB-IoT. After discussion, the following conclusions are provided:
Proposal 1: The reported power headroom for NB-IoT shall be estimated over 1 slot.
Observation 1: PHR is used to assist the eNB to determine how much more uplink resources a UE is capable of using.

Observation 2: power headroom for NB-IoT is evaluated based on single tone uplink transmission.
Observation 3: PHR from the UE under enhanced coverage can be used to assist network to determine the associated uplink repetition level.

Proposal 2: adopt the following mapping tables for NB-IoT PHR.

Table 1: NB-IoT Power headroom report mapping under 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 under enhanced coverage
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH < -13

	POWER_HEADROOM_1
	-13 ( PH < -5

	POWER_HEADROOM_2
	-5 ( PH < 5

	POWER_HEADROOM_3
	PH ≥ 5


5. References

[1] R4-167119, “Power headroom reporting requirements”, Ericsson

[2] R1-165972, NB-IoT for 36213
8
5

_1523443234.unknown

_1524308419.unknown

_1524392756.unknown

_1536219650.unknown

_1536222084.unknown

_1536219693.unknown

_1524392781.unknown

_1524392746.unknown

_1523693140.unknown

_1523705002.unknown

_1523443580.unknown

_1523444634.unknown

_1523451217.unknown

_1523443404.unknown

_1488822878.unknown

_1521376280.unknown

_1523443198.unknown

_1521522391.unknown

_1516619151.unknown

_1262965659.unknown

_1488822877.unknown

_1226742512.unknown

