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1. Introduction

In last RAN4 #81 meeting, a CR [1] was agreed to remove the square brackets in PHR mapping table in TS36.133 section 9.1.23.3. However, we found that the lower bound of the mapping could be problematic in some scenarios. In this contribution we provide some examples and associated analysis on the issue.
2. Discussion
The uplink power control and the calculation of power headroom were specified in RAN1 specification [2] section 16.2, which is provided in the following table for information.
	6.2
Power control
16.2.1
Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.
16.2.1.1
Narrowband physical uplink shared channel

16.2.1.1.1
UE behaviour
The setting of the UE Transmit power for a Narrowband Physical Uplink Shared Channel (NPUSCH) transmission is defined as follows.

The UE transmit power 
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is given by
If the number of repetitions of the allocated NPUSCH RUs is greater than 2
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
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is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12}for 15kHz subcarrier spacing
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is a parameter composed of the sum of a component 
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. For NPUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for NPUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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, where the parameter preambleInitialReceivedTargetPower [8] (
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 are signalled from higher layers for serving cell 
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For j=1, for NPUSCH format 2, 
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is provided by higher layers for serving cell 
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. For j=2, 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 in dB and 
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 = nrs-Power + nrs-PowerOffsetNonAnchor – higher layer filtered NRSRP, where nrs-Power is provided by higher layers and nrs-powerOffsetNonAnchor is set to zero if it is not provided by higher layers and NRSRP is defined in [5] for serving cell 
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 and the higher layer filter configuration is defined in [11] for serving cell 
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16.2.1.1.2
Power headroom
If the UE transmits NPUSCH in NB-IoT UL slot 
[image: image27.wmf]i

 for serving cell 
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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.


Different from LTE, only open loop power control is supported for Rel-13 NB-IoT. Furthermore, the power headroom is calculated based on 15kHz sub-carrier spacing and single tone uplink transmission (
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 is assumed). And parameter j is fixed as 1 for 
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. According to [3], the uplink transmission power of a R3l-13 NB-IoT UE is 23dBm. A tentative configuration for 
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 are -105 and 1, respectively. As we all know, NB-IoT can support up to 164dB MCL. Then 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, which is -23dB:
	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



Based to our calculation, -23dB lower bound means that if 
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, then only 151dB MCL could be achieved. Furthermore, we also need to take the UE measurement accuracy into account. According to the agreement in last RAN4 #81, the measurement accuracy under enhanced coverage is around 10dB, implying that a UE under 141dB MCL may have power headroom less than -23dB, which is inconsistent with 164dB MCL design. Thus we believe the mapping table is incomplete. It shall also cover the case with power headroom less than -23dB. A simple way is to remove the lower bound in mapping table. Then UE will report POWER_HEADROOM_0 for anything below -23dB.
Proposal 1: remove the lower bound of PHR mapping table.
A draft CR is also provided in the appendix.
3. Conclusions

In this contribution we provide analysis on the problematic lower bound of PHR mapping for NB-IoT. After discussion the following conclusion is made:
Proposal 1: remove the lower bound of PHR mapping table.
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5. Appendix

<< Start of Change >>
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 slot 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 ...+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
	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
	PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


<< End of Change >>
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