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1 Introduction
A new work item on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1]. One objective of this WID is the enhancement to PHR in NB-IoT:

UE Feedback

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

In this contribution, we discuss the solutions for PHR enhancement in NB-IoT.
2 Discussion
2.1 PHR in Msg3
In Rel-13/14 NB-IoT, the Data Volume and Power Headroom Report (DPR) MAC CE is placed before the CCCH MAC SDU to report Data Volume and Power Headroom to the eNB. 
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Figure 1. Data Volume and Power Headroom Report MAC CE
Table 1. Power Headroom levels for PH

	PH
	Power Headroom Level

	0
	POWER_HEADROOM_0

	1
	POWER_HEADROOM_1

	2
	POWER_HEADROOM_2

	3
	POWER_HEADROOM_3


In DPR, a 2 bits field PH is used to indicate 4 Power Headroom levels. There are still 2 reserved bits in DPR, which can be used to extend the PH field for PHR enhancement in Msg3.
Proposal 1: Use the reserved bits in DPR to extend the PH field for PHR enhancement in Msg3.
The eNB needs to know whether the PHR in DPR is legacy report or enhanced report. There are 2 options of indicating PHR enhancement in Msg3 to the eNB:

Option 1. 1 ‘R’ bit in DPR to indicate PHR enhancement, another ‘R’ bit to extend the PH field to 3 bits
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Figure 2. Example of DPR in Option 1

In Option 1, the field E indicates whether the field PHE is used to extend the value range in PH. PHR in DPR is legacy report (i.e. 2 bits) or enhanced report (i.e. 3 bits). If this field is set to 1, the fields PHE and PH are all used to report Power Headroom, which can report 8 different levels.
Option 2. Indicating PHR enhancement in RRC, 2 reserved bits to extend the PH field to 4 bits

In Option 2, 1 bit in RRC signalling (i.e. RRCConnectionRequest-NB, RRCConnectionResume-NB, or RRCConnectionReestablishmentRequest-NB) is used to indicate whether PHR enhancement is used. If PHR enhancement is indicated by RRC, all reserved bits in DPR can be used to extend the PH field. 

Option 3. Indicating PHR enhancement by another LCID for CCCH, 2 reserved bits to extend the PH field to 4 bits

For NB-IoT, only LCID “00000” is used for CCCH in UL-SCH. We can use another LCID for CCCH (e.g. “01011”) to indicate that DPR with extended PH value is carried. Similar to Option 2, all reserved bits in DPR can be used for extension of PH field.
Table 1. Values of LCID for UL-SCH

	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
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Figure 3. Example of DPR in Option 2 and Option 3
Compared to Option 1, up to 16 different Power Headroom levels can be supported by Option 2 and 3, which can provide better PH granularity.  Considering PHR is a MAC procedure and PH values are carried by a MAC CE in Msg3, Option 3 seems more reasonable than Option2 in which the PHR enhancement is indicated by RRC. Therefore, it is proposed to use a new LCID for CCCH to indicate 4 bits enhanced PHR in Msg3.
Proposal 2: Use a new LCID for CCCH to indicate 4 bits enhanced PHR in Msg3.
In all options above, a new PH table with more Power Headroom levels needs to be defined by RAN4 and RAN1. We propose to send an LS to RAN4 and RAN1 to ask for the new PH table with 16 PH values.
Proposal 3: Send an LS to RAN4 and RAN1 to ask for the new PH table with 16 PH values.
2.2 PHR in connected mode
In Rel-13/14 NB-IoT, Power Headroom can only be reported in Msg3. However, for some mobile NB-IoT UEs (e.g., shared bicycles), the Power Headroom may be different in different locations. Thus, it will be beneficial for the uplink power control if PHR in connected mode is also supported by NB-IoT.
Proposal 4: RAN2 to consider to support PHR in connected mode.
In legacy LTE, PHR in connected mode is controlled by 3 parameters:
· periodicPHR-Timer

· prohibitPHR-Timer

· dl-PathlossChange
In general, PHR in legacy LTE is triggered by the following conditions:
· PHR is configured/reconfigured;
· prohibitPHR-Timer expires and the measured downlink path loss has changed more than dl-PathlossChange since the last transmission of a PHR;

· periodicPHR-Timer expires.

To our understanding, the PHR mechanism for connected mode in legacy LTE is too complicated and not suitable for NB-IoT. For example, periodical PHR is not needed since the connection is not usually so long in NB-IoT. Besides, using reconfiguration to trigger PHR in connected mode is not possible for CP solution.
Considering that PHR is used for power control of uplink transmission and BSR is used to provide UL grant for uplink transmission, similarly to DPR in Msg3, reporting Power Headroom and Buffer Status together is a reasonable way. A new MAC CE can be used to report Power Headroom and Buffer Status together.
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Figure 3. Example of MAC CE for BSR and PHR
The size of field PH in the new MAC CE should be the same as the size of extended PH in Msg3 so that one new PH table can be used for both Msg3 and connected mode.

Proposal 5: Use a new MAC CE to report 4bits PH and BSR together in connected mode.
In order to avoid frequent PHR in connected mode, some restrictions can be considered. For example:

· The use of the new MAC CE is configurable in radioResourceConfigDedicated-NB according to the UE capability. 
· A DL path loss threshold can be used to control that the UE only reports this new MAC CE if the path loss has changed more than this threshold since the last transmission of a PHR (including the PHR in Msg3).
Proposal 6: Report of the new MAC CE is configurable and controlled by a DL path loss threshold.
3 Conclusion

This paper focus on possible solutions for PHR enhancement. Corresponding proposals are listed as below:
Proposal 1: Use the reserved bits in DPR to extend the PH field for PHR enhancement in Msg3.
Proposal 2: Use a new LCID for CCCH to indicate 4 bits enhanced PHR in Msg3.
Proposal 3: Send an LS to RAN4 and RAN1 to ask for the new PH table with 16 PH values.
Proposal 4: RAN2 to consider to support PHR in connected mode.
Proposal 5: Use a new MAC CE to report 4bits PH and BSR together in connected mode.
Proposal 6: Report of the new MAC CE is configurable and controlled by a DL path loss threshold.
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