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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75. In which, the following objective is included:

C. Work on the following objectives to commence from RAN#78. This is not affected by the work to complete running CRs/draft CRs for A-1 and A-5.

UE Feedback

· Support of extended NB-IoT power headroom report range and finer granularity[RAN2, RAN4, RAN1]
In this paper, we will discuss the related issues and potential solutions.

2 Discussion

#Issue 1: PHR granularity enhancement
Based on current NB-IoT specification, UE can only send Power Headroom level over DPR in Msg3 together with a CCCH SDU. The DPR MAC control element consists of a single octet, shown in figure 1. 
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Figure 1: Data Volume and Power Headroom Report MAC control element

In the DPR format, 4bits are used for Data Volume (DV), 2bits are used for Power Headroom (PH), and another 2 bits are reserved. Because 2 bits for PH can only indicates four PH values, shown in table 1[1] and table 2~5[2].
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


Table 2: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( 5

	POWER_HEADROOM_1
	5 ( PH ( 8

	POWER_HEADROOM_2
	8 ( PH ( 11

	POWER_HEADROOM_3
	PH ≥ 11


Table 3: Power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( -10

	POWER_HEADROOM_1
	-10 ( PH ( -2

	POWER_HEADROOM_2
	-2 ( PH ( 6 

	POWER_HEADROOM_3
	PH ≥ 6


Table 4: Power headroom report mapping for UE category NB1 when the enhanced coverage level 0 is selected during random access procedure for UE PC6

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( [5]

	POWER_HEADROOM_1
	[5] ( PH ( [8]

	POWER_HEADROOM_2
	[8] ( PH ( [11]

	POWER_HEADROOM_3
	PH ≥ [11]


Table 5: Power headroom report mapping for UE category NB1 when the enhanced coverage level other than 0 is selected during random access procedure for UE PC6

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	[-54] ( PH ( [-20]

	POWER_HEADROOM_1
	[-20] ( PH ( [-10]

	POWER_HEADROOM_2
	[-10] ( PH ( [0]

	POWER_HEADROOM_3
	PH ≥ [0]


For the PH granularity enhancement, it should be based on the output from RAN4, and different granularity involves different MAC specification change. If the number of the PH values is less than or equal to 12, only redefinition of the 2 reserved bits of the DPR MAC CE is need, otherwise, some more changes are needed. In the following, we give the MAC specification change examples for different PH granularity. 
· If the number of the PH values is increased to less than or equal to 8, the most left 1 bit of the DPR MAC CE can be used as the flag of whether the extended DPR is used, and the next 3 bits can be used for PH of extended DPR. That is, as shown in Figure 2, if the “F” bit is set to 0, the legacy DPR MAC CE is used; otherwise, the extended DPR MAC CE is used.
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Figure 2.

· If the number of the PH values is increased to less than or equal to 12, the PH values of the extended DPR can be reported based on segments as Table 6 and the 2 reserved bits can be used as the segment index. That is, as shown in Figure 3, if the “PH Seg” bits are set to ‘00’, the legacy DPR MAC CE is used, otherwise, the extended DPR MAC CE is used. 
·   For the extended DPR MAC CE, if the “PH Seg” bits are set to ‘01’, the PH value corresponds to the POWER_HEADROOM in the 1st PH segment (that’s POWER_HEADROOM_0 ~ POWER_HEADROOM_3); If the “PH Seg” bits are set to ‘10’, the PH value corresponds to the POWER_HEADROOM in the 2nd PH segment (that’s POWER_HEADROOM_4~POWER_HEADROOM_7); And if the “PH Seg” bits are set to ‘11’, the PH value corresponds to the POWER_HEADROOM in the 3rd PH segment (that’s POWER_HEADROOM_8~POWER_HEADROOM_11);  
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Figure 3.
Table 6 PH values segment for extended PH
	PH Seg
	PH
	Power Headroom Level

	1
	0
	POWER_HEADROOM_0

	
	1
	POWER_HEADROOM_1

	
	2
	POWER_HEADROOM_2

	
	3
	POWER_HEADROOM_3

	2
	4
	POWER_HEADROOM_4

	
	5
	POWER_HEADROOM_5

	
	6
	POWER_HEADROOM_6

	
	7
	POWER_HEADROOM_7

	3
	8
	POWER_HEADROOM_8

	
	9
	POWER_HEADROOM_9

	
	10
	POWER_HEADROOM_10

	
	11
	POWER_HEADROOM_11


· If the number of the PH values is increased to less than or equal to 16, some kind of indication in Msg3 is needed to indicate whether the legacy DPR MAC CE or the extended DPR MAC CE is used and the two reserved bits of the DPR MAC CE can be used to indicate the PH values for the extended DPR MAC CE.
· If the number of the PH values is increased to larger than 16, new PHR MAC CE should be introduced and a new LCID value for UL-SCH should be defined for the new PHR MAC CE. In this case, one reserved bit of the DPR MAC CE can be used to indicate whether the PH value in the DPR MAC CE is valid or both of the legacy DPR MAC CE and the new PHR MAC CE can be reported to eNB and which power headroom information would be used is left to eNB implementation.
Observation 1: For the PH granularity enhancement, the change on MAC CE depends on the maximum PH granularity numbers which would be the output from RAN4.
Proposal 1: Send LS to RAN4 about the RAN2 specification impacts for different PH granularity and to check whether the PH granularity with less than or equal to 16 is enough.
No matter what’s the PH granularity and how to change the MAC CE, the UE needs to know whether the eNB supports the PH granularity enhancements. Only the eNB supports it, the UE can report new PH values to eNB based on the new defined MAC CE. Therefore, the eNB capability for PH granularity enhancement should be indicated in SIB.

Proposal 2: Add one bit in SIB to indicate whether the eNB supports the PH granularity enhancements.  

#Issue2: PHR transmission timing
In current NB-IoT specification, UE can send Power Headroom level over DPR in Msg3 together with a CCCH SDU, that is, PHR can only be reported during RRC connection setup or RRC connection resume procedure. After introduction of physical layer SR[3], it’s possible the PHR information would be out of date when the SR is used since there may be long period of interval between Msg3 and SR. Furthermore, considering that the radio condition or even the CEL may be changed during RRC_CONNECTED state, which may also cause that the reported PHR information in Msg3 is out of date for new data scheduling. Finally, with the PHR granularity enhancements, the reported PHR information is more easily to be out of date. Therefore, how to update the Power Headroom level should be considered. 

In legacy LTE, periodical Power Headroom Reporting and Power Headroom update in eNB is supported, which can ensure that the Power Headroom value is always valid. But the periodical Power Headroom Reporting is not supported in NB-IoT. Taken into account that NB-IoT is mainly used to transfer small burst data, the periodical Power Headroom reporting is not suitable for NB-IoT since extra air interface transmission would cause more power and radio resource consumption. So we think one shot Power Headroom level report after SR is enough for the update purpose after Msg3. 

Proposal 3: Power Headroom level would be reported after SR.
3 Conclusion

Based on the analysis in this paper, we have the following observation and proposals:

Observation 1: For the PH granularity enhancement, the change on MAC CE depends on the maximum PH granularity numbers which would be the output from RAN4.
Proposal 1: Send LS to RAN4 about the RAN2 specification impacts for different PH granularity and to check whether the PH granularity with less than or equal to 16 is enough.

Proposal 2: Add one bit in SIB to indicate whether the eNB supports the PH granularity enhancements.

Proposal 3: Power Headroom level would be reported after SR.
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