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1 Introduction
Power headroom reporting requirements was discussed at last RAN4#79AH meeting based on contributions from different companies. Good progress was made and some issues were captured for further investigation in a way forward document [R4-79AH-0260]. In this contribution we provide our view to resolve the FFS and also propose two reporting tables according to agreements in [1]. 
2 Discussions 
2.1 Previous Agreements

RAN1 has discussed power headroom for NB-IOT and their agreements are summarized as follows:

	· Power headroom
· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using [2 bits] for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits

· Dynamic indication utilizing DCI is not supported

· Note: Above does not request to change Msg. 3 size

· 2 bits agreed for power headroom report
· Power headroom

· NB-PHR is computed based on a 15kHz single-tone transmit power for NB-PUSCH data transmission regardless of the actual subcarrier spacing: 

PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
· There will be 4 reportable values of PHR
·  Exact values to be determined by RAN4 and specified in 36.133.


RAN4 discussed power headroom reporting based on the RAN1 agreement above and reached following agreements:
	· PHR measurement interval: 
· 2 ms for 3.75 KHz subcarrier spacing and
· 1 ms for 15 KHz subcarrier spacing
· 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 PRACH CE level #1 or 2
· Resolution in table 1 and table 2 are different
· 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



2.2 Discussion
As per the agreement, two PHR report mapping tables are to be specified for category NB1 UEs, and UE will use one of them that depends on the UE coverage level for transmitting the actual PHR. The reporting resolution of the table that corresponds to PRACH CE level #0 should have a different resolution than the table of PRACH CE level#1. 

A UE in normal coverage may experience decent channel quality similar to legacy LTE while an UE in enhanced coverage may have much poorer channel quality. From a power headroom reporting perspective, UE may operate using the maximum power in enhanced coverage compared to normal coverage. Therefore it is mort important to have a finer reporting resolution in the lower reporting range (negative values). In normal coverage, on the other hand, it is more relevant to have finer reporting resolution in the higher reporting range (positive values) since UE is in good coverage and it may not always use the maximum power, or the highest repetitions or more resources. We propose the following two tables. 

Table 1: NB-IOT power headroom report mapping for PRACH CE level #0
	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


Table 2: NB-IOT power headroom report mapping for PRACH CE level #1 and above
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -5

	POWER_HEADROOM_2
	-5 ( PH ( 0

	POWER_HEADROOM_3
	PH ≥ 0


· Proposal #1:  The power headroom reporting ranges for PRACH CE level#0 and PRACH CE level#0 and above are specified as in Table 2 and Table 3 respectively. 
Furthermore, companies were encouraged to study and provide their view on whether a separate set of table 1 (PRACH CE level#0) and table 2 (PRACH CE level #1 or 2) are required for 3.75 kHz and 15 kHz subcarrier spacing. With reference to RAN1 agreement below, our view is that there is no need to distinguish between the two subcarrier spacing:
	PHR:

Agreements: 

· NB-PHR is computed based on a 15kHz single-tone transmit power for NB-PUSCH data transmission regardless of the actual subcarrier spacing:            
PH(i) = PCMAX,c(i)-{PO_NPUSCH,c(1)+αc(1)∙PLc}
· There will be 4 reportable values of PHR

· Exact values to be determined by RAN4 and specified in 36.133. 


· Observation #1:  As per RAN1 agreement, there is no need to define separate power headroom reporting mapping tables for 3.75 kHz subcarrier spacing as per RAN1 agreement. This was further captured in section 16.2.1.1 in TS 36.213.
3 Summary 
In this contribution we have presented our proposal on power headroom reporting tables for PRACH CE level#0 and PRACH CE level#1 and above according the agreements made at RAN4 AH meeting. In addition, we have also provided our view on the subcarrier spacing and its impact on the PHR. Based on the discussions, we have made the following observation and proposal:

· Proposal #1:  The power headroom reporting ranges for PRACH CE level#0 and PRACH CE level#0 and above are specified as in Table 2 and Table 3 respectively. 
· Observation #1:  As per RAN1 agreement, there is no need to define separate power headroom reporting mapping tables for 3.75 kHz subcarrier spacing as per RAN1 agreement. 
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