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1 Introduction
The PHR enhancements for NB-IoT were discussed during RAN2#101bis [1-4] and based on the email report [5] RAN2 agreed:
· The two reserved bits in the DPR MAC control element are used for enhanced PHR reporting, i.e. 4 bits in total for the PH value.

· Send LS to RAN4 asking to introduce up to 16 power headroom levels in TS 36.133. LS wording can be checked offline.
· FFS Introduce new LCID code point for UL-SCH in NB-IoT in Table 6.2.1-2 to indicate CCCH and Enhanced Power Headroom Report.

· Introduce enhancedPHR-Indicator in SIB2-NB that indicates when enhanced PHR reporting is enabled in the cell.

· FFS if enhanced PHR reporting in MSG3 is an optional or mandatory feature.

· FFS Introduce ePHR reporting after MSG3.

RAN2 agreed to send an LS [6] to RAN4 about the number of bits available for enhanced PHR reporting (if needed):

1. Overall Description:

RAN2 has discussed enhanced PHR reporting in NB-IoT (RP-172063):

Support of extended NB-IoT power headroom report range and finer granularity [RAN2, RAN4, RAN1]

RAN2 would like to inform RAN4 that 4 bits in the DPR MAC control element can be used to introduce power headroom levels with increased range and granularity for PHR reporting in NB-IoT. This means that up to 16 enhanced power headroom values can be reported with enhanced PHR reporting.

2. Actions To RAN4:

ACTION: 
RAN2 kindly asks RAN4 to take this information into account and introduce enhanced power headroom values in TS 36.133 for extended NB-IoT power headroom report range and finer granularity. RAN4 can consider up to 16 enhanced power headroom values, if needed. 
The RAN2 agreements were captured in the running CRs for 36.321 [7] and 36.331 [8] with the following open issues:
Editor’s Note: It is FFS if enhanced PHR reporting in MSG3 is an optional or mandatory feature.

Editor’s Note: It is FFR is ePHR reporting is introduced after MSG3.

Editor’s note: The details of the reporting, e.g. how many levels are introduced is FFS depending on RAN4 input. 

Editor’s Note: It is FFS whether a new LCID code point is used to indicate CCCH and Extended Power Headroom Report.

The open issues are discussed further in this contribution. 
2 Discussion
RAN4 will discuss ePHR during RAN4#87 [9] and can be assumed to reply to RAN2 concerning the number of codepoints needed for ePHR [10]. 
LCID signalling
Only 5 out of 32 LCID code points in UL-SCH are currently used in NB-IoT (see Table 6.2.1-2 in 36.321). The LCID can thus provide future extensions, if needed: 
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101-10011
	Reserved

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


The existing PHR reporting range is [5..11] dB (3 dB granularity) with CE level 0 and [-10..6] dB (8 dB granularity) with CE level other than 0. In our view 16 PHR reporting values would be required to provide sufficient range and granularity:
Proposal 1: Introduce new LCID code point for UL-SCH in NB-IoT in Table 6.2.1-2 to indicate CCCH and Enhanced Power Headroom Report.
ePHR in connected mode

In our view enhanced PHR reporting after MSG3 should already have been introduced in REL-13. In case of long transmissions it could make the difference whether the transmission is successful or not. Furthermore mobility of the UE may cause change in radio link conditions. Link adaptation can be more effective when there is reporting from the UE: 

Proposal 2: Re-use eDRP MAC control element for ePHR reporting after MSG3

The triggering part can be kept simple, i.e. trigger the PHR reporting when there is dl-PathlossChange. This implies that a PHR report is send when the PHR value has changed more than dl-PathlossChange dB since the last transmission of a PHR report. PHR reports are piggybacked in UL transmissions. To avoid excessive reporting we think there should be a prohibitPHR-Timer:
Proposal 3: eDRP MAC control element after MSG3 is triggered when the path loss has changed more than dl-PathlossChange dB since the last ePHR report and prohibitPHR-Timer expires or has expired when the MAC entity has UL resources for new transmission.

UE capability

PHR reporting is mandatory for NB-IoT UE from REL-13. In our view the REL-13 reporting range is insufficient and ePHR is highly desirerable. For connected mode ePHR UE capability signalling is needed, when the feature is optional, i.e. the eNB has to know if it can configure dl-PathlossChange and prohibitPHR-Timer. For the enhanced PHR reporting it is proposed to introduce UE capability signalling: 
Proposal 4: Introduce an UE capability signalling for enhanced PHR reporting in REL-15
The optional/mandatory aspect can be discussed later, i.e. whether this is a normal optional UE capability, or an IOT bit which the UE shall set to TRUE after the UE has successfully IOT tested this feature.

DraftCRs to 36.306, 36.321 and 36.331 are provided for discussion and agreement, i.e. to be included in the running CRs for NB-IoT [11-13].
3 Summary

RAN2 is kindly asked to discuss PHR enhancements: 

Proposal 1: Introduce new LCID code point for UL-SCH in NB-IoT in Table 6.2.1-2 to indicate CCCH and Enhanced Power Headroom Report.
Proposal 2: Re-use eDRP MAC control element for ePHR reporting after MSG3

Proposal 3: eDRP MAC control element after MSG3 is triggered when the path loss has changed more than dl-PathlossChange dB since the last ePHR report and prohibitPHR-Timer expires or has expired when the MAC entity has UL resources for new transmission.

Proposal 4: Introduce an UE capability signalling for enhanced PHR reporting in REL-15.
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