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1. Introduction

Existing -23dB for lower bound of PHR mapping for NB-IoT in TS36.133 was found problematic in last RAN4 #82 meeting and a contribution [2] was submitted to address this issue. Unfortunately, agreement was not reached. In this contribution we provide further discussion on how to solve this problem.
2. Discussion
The definition of power headroom for NB-IoT is documented in TS36.213, which is reproduced here for information:
	16.2.1.1.2
Power headroom
If the UE transmits NPUSCH in NB-IoT UL slot 
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 for serving cell , power headroom is computed using 


[image: image3.wmf]{

}

cCMAX,O_NPUSCH,c

()()(1)(1)

ccc

PHiPiPPL

a

=-+×

 [dB]

where, [image: image4.wmf](

)

i

P

c

,

CMAX

, 
[image: image5.wmf]O_NPUSCH,c

(1)

P

, 
[image: image6.wmf](1)

c

a

, and
[image: image7.wmf]c

PL

, 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.


In [2] we mentioned some feasible configuration on parameters 
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 are assumed. Note that this is not the only configuration but it’s feasible from BS side since they are within the ranges of 
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, which can be found in TS36.331:
	UplinkPowerControl-NB information elements
-- ASN1START

UplinkPowerControlCommon-NB-r13 ::=
SEQUENCE {


p0-NominalNPUSCH-r13



INTEGER (-126..24),


alpha-r13






ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1},


deltaPreambleMsg3-r13



INTEGER (-1..6)

}

UplinkPowerControlDedicated-NB-r13 ::=
SEQUENCE {


p0-UE-NPUSCH-r13





INTEGER (-8..7)

}

-- ASN1STOP

UplinkPowerControl-NB field descriptions
alpha

Parameter: 
[image: image14]. See TS 36.213 [23, 16.2.1.1] where al0 corresponds to 0, al04 corresponds to value 0.4, al05 to 0.5, al06 to 0.6, al07 to 0.7, al08 to 0.8, al09 to 0.9 and al1 corresponds to 1. 

deltaPreambleMsg3

Parameter: [image: image15.wmf]3
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. See TS 36.213 [23, 16.2.1.1]. Actual value = IE value * 2 [dB].

p0-NominalNPUSCH

Parameter: 
[image: image16]. See TS 36.213 [23, 16.2.1.1], unit dBm. 

p0-UE-NPUSCH

Parameter: 
[image: image17]. See TS 36.213 [23, 16.2.1.1], unit dB. 




As we all know, NB-IoT can support up to 164dB MCL. Thus for Power Class 3 UE we can have:
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However, from the existing PHR mapping table in TS36.133 section 9.1.23 one can see that there is a lower bound for both normal and enhanced coverage (-23dB, yellow highlight in the following tables), which is not low enough to cover the actual situation:

	9.1.23.3.1
Report Mapping for UE Category NB1 in normal coverage

The power headroom reporting range is from -23 ...+11 dB for UE category NB1 in normal coverage. Table 9.1.23.3.1-1 defines the report mapping which is applicable when the enhanced coverage level 0 is selected during random access procedure [17].

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 ( 5
POWER_HEADROOM_1

5 ( PH ( 8
POWER_HEADROOM_2

8 ( PH ( 11
POWER_HEADROOM_3

PH ≥ 11
9.1.23.3.2
Report Mapping for UE Category NB1 in enhanced coverage

The power headroom reporting range is from -23 ...+6 dB for UE category NB1 in enhanced coverage. Table 9.1.23.3.2-1 defines the report mapping which is applicable when the enhanced coverage level other than 0 is selected during random access procedure [17].

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



For Power Class 5 UE or Reduced Power Class UE (14dBm max Tx power) the power headroom would be even lower. The consequence is that once UE has power headroom less then -23dB, UE would have no idea which level to report according to the specification, e.g. -35dBm doesn’t belong to POWER_HEADROOM_0~3. Actually, this would occur a lot in real practise, considering NB-IoT can support 20dB coverage enhancement. UE under deep coverage would probably transmit with maximum power, thus there could be almost nothing left (corresponding to – infinity in dB of power headroom). We believe a rational way is to report the minimum level for anything below -23dB. That is also the reason why we proposed to remove the lower bound in the mapping table in [2]. 
Observation 1: -23dB for lower bound of PHR mapping is not appropriate.
Alternatively, the lower bound can be derived based on the following consideration:
The motivation of PHR reporting is to let network aware the UE power headroom, which is useful in scheduling. Originally, PH = Pcmax – Pcurrent, where Pcmax is configured by network and Pcurrent is the UE current TX power. To get the minimum PH, we can use the minimum Pcmax and the maximum Pcurrent. The range of Pcmax is [-30, 33] as can be found in TS36.33
1. The maximum Pcurrent depends on UE Power Class. 23dBm is the highest one. So:
PH = -30 – 23 = -53dB
Relatively, -53dB is much safer than -23dB as the lower bound of PHR mapping table.
Proposal 1: the following alternatives can be considered to address the PHR mapping issue.
Alt 1: remove the lower bound

Alt 2: replace -23dB by -53dB for the lower bound

3. Conclusions

In this contribution, we provider further discussion on PHR mapping issue for NB-IoT. After discussion the following conclusions are made:
Observation 1: -23dB for lower bound of PHR mapping is not appropriate.
Proposal 1: the following alternatives can be considered to address the PHR mapping issue.
Alt 1: remove the lower bound

Alt 2: replace -23dB by -53dB for the lower bound

4. References

[1] R4-1610577, “CR on PHR requirement for NB-IoT”, Huawei, HiSilicon
[2] R4-1701354, “Discussion on PHR mapping for NB-IoT”, Huawei, HiSilicon

[3] TS36.213

[4] TS36.101

(1)





c





α





(1)





O_NOMINAL_NPUSCH,c





P





(1)





O_UE_NPUSCH,c





P








8
1

_1523443198.unknown

_1523443404.unknown

_1550924291.unknown

_1550924312.unknown

_1523444634.unknown

_1545571143.unknown

_1523443234.unknown

_1488822878.unknown

_1488822877.unknown

