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Introduction
[bookmark: _Ref421460494]In RAN#75 meeting, it was agreed to start the Release 15 work item on Further NB-IoT enhancements, wherein one objective is on support of extended NB-IoT power headroom report range and finer granularity [1]. In this contribution, we discussed possible solutions to support the objective for NB-IOT.
Discussion
Current PHR for NB-IOT
In current NB-IOT system, only open loop UL power control is applied. Both closed loop UL power control and normal PHR mechanism are not supported. However, a simplified PHR is supported using DPR (Data Volume Power Headroom Report) MAC CE as illustrated in Figure 1. The 2bits “PH” field can support only 4 power headroom levels as illustrated in table 1. And, the DPR MAC CE is sent in Msg3 together with a CCCH MAC SDU.  


Figure 1: Data Volume and Power Headroom Report MAC CE
Table 1: Power Headroom levels for PH
	PH
	Power Headroom Level
	Measured quantity value (dB)

	0
	POWER_HEADROOM_0
	-23  PH  -22

	1
	POWER_HEADROOM_1
	-22  PH  -21

	2
	POWER_HEADROOM_2
	-21  PH  -20

	3
	POWER_HEADROOM_3
	-20  PH  -19



Enhanced PHR for NB-IOT
[bookmark: OLE_LINK12]In order to support extended power headroom range for NB-IOT, one direct solution with backward compatibility is to use the two reserve bits (“R” field) in current DPR MAC CE, i.e., 4bits “PH” field can be used for enhanced PHR as illustrated in figure 2.


Figure 2: One example for DPR MAC CE with enhanced PHR
[bookmark: OLE_LINK10]The 4bits “PH” field can be used to indicate 16 power headroom levels as illustrated in table 2. If keeping current power headroom granularity, i.e. 1dB granularity, power headroom range can be extended to (-23~-7dB) from (-23~-19dB).
Table 2: One example for power headroom levels with enhanced PHR
	PH
	Power Headroom Level
	Measured quantity value (dB)

	0
	POWER_HEADROOM_0
	-23  PH  -22

	1
	POWER_HEADROOM_1
	-22  PH  -21

	2
	POWER_HEADROOM_2
	-21  PH  -20

	3
	POWER_HEADROOM_3
	-20  PH  -19

	…
	…
	...

	14
	POWER_HEADROOM_14
	-9  PH  -8

	15
	POWER_HEADROOM_15
	-8  PH  -7



Table 3: One example for power headroom levels with enhanced PHR
	PH
	Power Headroom Level
	Measured quantity value (dB)

	0
	POWER_HEADROOM_0_1
	-23  PH  -22.5

	1
	POWER_HEADROOM_1_1
	-22.5  PH  -22

	2
	POWER_HEADROOM_2_1
	-22  PH  -21.5

	3
	POWER_HEADROOM_3_1
	-21.5  PH  -21

	…
	…
	...

	14
	POWER_HEADROOM_14_1
	-16  PH  -15.5

	15
	POWER_HEADROOM_15_1
	-15.5  PH  -15



Regarding whether to support finer power headroom granularity, the issue should be discussed and determined by RAN4. With a given payload for PHR, extended power headroom range is conflict to finer power headroom granularity. For example, assuming 0.5dB granularity and using above 4bits “PH” field as illustrated in table 3, power headroom range is (-23~-15dB) other than (-23~-7dB).
[bookmark: OLE_LINK13]Considering 4bits “PH” field may not be enough to support extended power headroom range and finer granularity, another possible solution is to use normal PHR MAC CE as illustrated in figure 3, wherein 6bits “PH” field is used to indicate 64 power headroom levels as illustrated in table 4. In addition, the two reserved bits can also be used to provide finer power headroom granularity and/or larger power headroom range than legacy NB-IOT.


Figure 3: PHR MAC control element
Table 4: Power Headroom levels for PHR
	PH
	Power Headroom Level
	Measured quantity value (dB)

	0
	POWER_HEADROOM_0
	-23  PH  -22

	1
	POWER_HEADROOM_1
	-22  PH  -21

	2
	POWER_HEADROOM_2
	-21  PH  -20

	3
	POWER_HEADROOM_3
	-20  PH  -19

	…
	…
	…

	60
	POWER_HEADROOM_60
	37  PH  38

	61
	POWER_HEADROOM_61
	38  PH  39

	62
	POWER_HEADROOM_62
	39  PH  40

	63
	POWER_HEADROOM_63
	[bookmark: OLE_LINK1]PH ≥ 40 



[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In one example, the normal PHR MAC CE is sent in Msg3, and “PH” field in DPR MAC CE can be used for other purpose, e.g. multi-tone indication (1bit) and multi-PRB indication (1bit) in current RRCConnectionRequest-NB message. And, to keep current payload size for Msg3, current 22 spare bits in RRCConnectionRequest-NB message should be reduced. In another example, a rough PH reporting using current DPR MAC CE is still carried in Msg3, and a more accurate PH reporting using PHR MAC CE can be carried by other PUSCH after Msg3. Furthermore, current normal PHR mechanism may be partially reused, e.g., periodic PHR timer, prohibit PHR timer, DL path loss change and so on.
Comparing with using normal PHR MAC CE, using reserved bits in DPR MAC CE has the benefits of keeping backward compatibility and less specification impact. Therefore, to support extended power headroom range and finer granularity for NB-IOT, using reserved bits in current DPR MAC CE should be considered.
Conclusion
In this contribution, we discussed possible solutions to support enhanced power headroom range for NB-IOT. Based on above discussion, we have following proposal:
[bookmark: OLE_LINK7]Proposal #1: To support extended power headroom range and finer granularity for NB-IOT, using reserved bits in current DPR MAC CE should be considered.
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