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1
Introduction
Discussions in the Rel-13 NB-IoT WI [1] regarding power headroom reporting have captured the following agreements in [2]:

· PHR estimation interval is FFS.
· Two PHR report mapping tables are specified. UE will use one of the 2 tables for transmitting PHR. The selection is based on UE coverage level:
· One table (Table#1) is associated with PRACH CE level # 0 
· Second table (Table#2) is associated with other PRACH CE levels (i.e. #1 and #2)
· Resolution in table 1 and table 2 are different
· Note: Table # 3 associated with CE level 2 is not precluded if second NRSRP threshold is configured 
· Mapping based on subcarrier spacing:
· Baseline assumption: same set of table 1 and table 2 are applicable for 3.75 KHz and 15 KHz
· It is FFS if separate set of table 1 and table 2 are required for 3.75 KHz and for 15 KHz
This paper shares Intel’s input to the discussion.
2
Discussion
Three mappings of PHR to subcarrier spacing are possible:
Option 1: Relative to the maximum power of a 15 kHz tone in a full multi-tone allocation
Option 2: Relative to the maximum power of a 15 kHz tone in a single-tone allocation

Option 3: Relative to the maximum power of a 3.75 kHz tone in a single-tone allocation

Observation 1: If PHR tables are distinguished by subcarrier spacing, then two mappings can coexist:  either Option 1 or Option 2 together with Option 3.

The following tables provide some numerical examples to facilitate further discussion on this topic.

Table 1: Example with UE transmitting maximum total power across 180 kHz

	max total power
	23.00
	
	

	current total power
	23.00
	
	

	 
	 
	 
	 

	 
	ex 1: 15 kHz multi-tone
	ex 2: 15 kHz single-tone
	ex 3: 3.75 kHz single-tone

	ref sc spacing (kHz)
	15.00
	15.00
	15.00

	ref num tones
	12.00
	12.00
	12.00

	ref occupied bw (kHz)
	180.00
	180.00
	180.00

	ref power per kHz (dBm)
	0.45
	0.45
	0.45

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	0.45
	11.24
	17.26

	PHR
	0.00
	-10.79
	-16.81

	 
	 
	 
	 

	 
	ex 4: 15 kHz multi-tone
	ex 5: 15 kHz single-tone
	ex 6: 3.75 kHz single-tone

	ref sc spacing (kHz)
	15.00
	15.00
	15.00

	ref num tones
	1.00
	1.00
	1.00

	ref occupied bw (kHz)
	15.00
	15.00
	15.00

	ref power per kHz (dBm)
	11.24
	11.24
	11.24

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	0.45
	11.24
	17.26

	PHR
	10.79
	0.00
	-6.02

	 
	 
	 
	 

	 
	ex 7: 15 kHz multi-tone
	ex 8: 15 kHz single-tone
	ex 9: 3.75 kHz single-tone

	ref sc spacing (kHz)
	3.75
	3.75
	3.75

	ref num tones
	1.00
	1.00
	1.00

	ref occupied bw (kHz)
	3.75
	3.75
	3.75

	ref power per kHz (dBm)
	17.26
	17.26
	17.26

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	0.45
	11.24
	17.26

	PHR
	16.81
	6.02
	0.00


Table 2:Example with UE transmitting 3 dB less than maximum total power across 180 kHz

	max total power
	23.00
	
	

	current total power
	20.00
	
	

	 
	 
	 
	 

	 
	ex 1: 15 kHz multi-tone
	ex 2: 15 kHz single-tone
	ex 3: 3.75 kHz single-tone

	ref sc spacing (kHz)
	15.00
	15.00
	15.00

	ref num tones
	12.00
	12.00
	12.00

	ref occupied bw (kHz)
	180.00
	180.00
	180.00

	ref power per kHz (dBm)
	0.45
	0.45
	0.45

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	-2.55
	8.24
	14.26

	PHR
	3.00
	-7.79
	-13.81

	 
	 
	 
	 

	 
	ex 4: 15 kHz multi-tone
	ex 5: 15 kHz single-tone
	ex 6: 3.75 kHz single-tone

	ref sc spacing (kHz)
	15.00
	15.00
	15.00

	ref num tones
	1.00
	1.00
	1.00

	ref occupied bw (kHz)
	15.00
	15.00
	15.00

	ref power per kHz (dBm)
	11.24
	11.24
	11.24

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	-2.55
	8.24
	14.26

	PHR
	13.79
	3.00
	-3.02

	 
	 
	 
	 

	 
	ex 7: 15 kHz multi-tone
	ex 8: 15 kHz single-tone
	ex 9: 3.75 kHz single-tone

	ref sc spacing (kHz)
	3.75
	3.75
	3.75

	ref num tones
	1.00
	1.00
	1.00

	ref occupied bw (kHz)
	3.75
	3.75
	3.75

	ref power per kHz (dBm)
	17.26
	17.26
	17.26

	current sc spacing (kHz)
	15.00
	15.00
	3.75

	current num tones
	12.00
	1.00
	1.00

	current occupied bw (kHz)
	180.00
	15.00
	3.75

	current power per kHz (dBm)
	-2.55
	8.24
	14.26

	PHR
	19.81
	9.02
	3.00


Observation 2: In order to avoid negative PHR values, the reference should be set to the single-tone 3.75 kHz case.
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