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1 Introduction
PH is the difference between Pcmax and the expected/estimated UE power as defined in TS36.213 [1], and it can be a negative value when the expected UE power is higher than the Pcmax. The power headroom reporting (PHR) range for R8/R9 is given in TS36.133 [2], which is defined by the means of the parameter POWER_HEADROOM which has the range from POWER_HEADROOM_0 to POWER_HEADROOM_63. It is possible for PH<-23 due to the estimated path loss and/or due to the values of the signalled parameters used in estimating the UE expected power, the PHR mapping table may need to be extended to cover PH<-23. Furthermore, at RAN#46 the WI for CA, enhanced DL and UL multiple antenna transmission and Fixed Wireless CPE was agreed. Thus, new features introduced into LTE-A may also have impact on PHR mapping range (e.g. introduction of new CPE 27dBm power class may make PH<-23). 
This contribution discusses the scheme for modifying the PHR mapping table in TS36.133 [2] to cover the scenario of PH<-23 and to avoid confusion during PHR mapping.
2 Discussion
The Rel-8/9 PHR mapping table [2] is shown as follows,

Table 1. Power headroom report mapping

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-23 ( PH ( -22

	POWER_HEADROOM_1
	-22 ( PH ( -21

	POWER_HEADROOM_2
	-21 ( PH ( -20

	POWER_HEADROOM_3
	-20 ( PH ( -19

	POWER_HEADROOM_4
	-19 ( PH ( -18

	POWER_HEADROOM_5
	-18 ( PH ( -17

	(
	(

	POWER_HEADROOM_57
	34 ( PH ( 35

	POWER_HEADROOM_58
	35 ( PH ( 36

	POWER_HEADROOM_59
	36 ( PH ( 37

	POWER_HEADROOM_60
	37 ( PH ( 38

	POWER_HEADROOM_61
	38 ( PH ( 39

	POWER_HEADROOM_62
	39 ( PH ( 40

	POWER_HEADROOM_63
	PH ≥ 40 


The estimated PH value can be mapped to a specific level (reported value) according to the table 1; then the level is reported to eNodeB for RRM purpose. However, there are some shortcomings in table 1 for PHR mapping as analyzed below. 

· Table 1 cannot cover all possible PH values.

In TS36.133[2] chapter 9, except PHR mapping table, the other mapping tables, such as RSRP/RSRQ measurement report mapping table etc., can cover the all possible relevant values from  
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to 
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, as the half open intervals of ‘measured quantity value’ are used for mapping the highest/lowest level. For PHR, even in legacy Rel-8, the estimated PH may fall below the lowest reportable value i.e. below -23 dB. From the analysis in [3], if the PH=-27 due be a 27dBm CPE, using PH=-23 instead of PH=-27 will hardly make any difference from the point of view of the usage of PH in the network for scheduling purpose. However, if PH=-27dB is estimated, the UE cannot map it to the POWER_HEADROOM_0 according to the table above as the POWER_HEADROOM_0 is mapped from -23 ( PH ( -22 (closed interval). 
· Mapping in table 1 cannot match the PHR definition in TS36.213 [1].

According to the definition in TS36.213 [1], the power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered by the physical layer to higher layers. Thus, if the PH is calculated by UE as 39.9dB, POWER_HEADROOM_63 is delivered due to the definition in TS36.213 [1]. However, due to the table 1, POWER_HEADROOM_62 is delivered for PH=39.9. Obviously, the rule of PHR mapping in TS36.133 [2] cannot match the definition in TS36.213 [1].

From the analysis above, in order to guarantee the successful and accurate PHR mapping, the table 1 shall be modified as follows,
Table 2. Power headroom report mapping

	Reported value
	Measured quantity value 
	Unit

	POWER_HEADROOM_0(PH=-23)
	PH <-22.5
	dB

	POWER_HEADROOM_1(PH=-22)
	-22.5( PH <-21.5
	dB

	POWER_HEADROOM_2(PH=-21)
	-21.5( PH <-20.5
	dB

	POWER_HEADROOM_3(PH=-20)
	-20.5( PH <-19.5
	dB

	POWER_HEADROOM_4(PH=-19)
	-19.5( PH <-18.5
	dB

	POWER_HEADROOM_5(PH=-18)
	-18.5( PH <-17.5
	dB

	(
	(
	dB

	POWER_HEADROOM_57(PH=34)
	33.5( PH <34.5
	dB

	POWER_HEADROOM_58(PH=35)
	34.5( PH <35.5
	dB

	POWER_HEADROOM_59(PH=36)
	35.5( PH <36.5
	dB

	POWER_HEADROOM_60(PH=37)
	36.5( PH <37.5
	dB

	POWER_HEADROOM_61(PH=38)
	37.5( PH <38.5
	dB

	POWER_HEADROOM_62(PH=39)
	38.5( PH <39.5
	dB

	POWER_HEADROOM_63(PH=40)
	PH ≥ 39.5
	dB


This modifying will not bring any additional overhead, while it makes PHR mapping table can cover the all possible PH values and match the PHR definition in TS36.213 [1]. Similarly, the PHR mapping in Rel-10 can also reuse the table 2. 
For covering the all possible values of PH as well as matching the PHR definition in TS36.213, the PHR mapping table in TS36.133 need to be modified. The mentioned modifying will not bring any additional overhead.  If this contribution is agreed, relevant CR will be provided in the next meeting.
3 Conclusion
This contribution provides a way to modify PHR mapping table in TS36.133 without bringing additional overhead, and the modified table can be reused in Rel-10. 
Proposal: To cover all possible values of PH as well as match the PHR definition in TS36.213, the PHR mapping table in TS36.133 needs to be modified. The mentioned modification will not bring any additional overhead. 
If this contribution is agreed, relevant CR will be provided in the next meeting.
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