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1. Introduction

RAN4 in ther meeting RAN4#47 received an LS from RAN1 in [1] informing RAN4 about their agreement on power headroom (PH) reporting. The PH has now been received in TS 36.213 [2], whose requirements are to be specified in TS 36.133 [3]. In this paper we provide a text proposal for PH requirements. 
2. Background: Power Headroom
The power headroom (PH) is defined in TS 36.213 [2] as: 
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 are defined in section 5.1.1.1 of TS 36.213 [2].

The maximum UE transmitted power is a nominal power, e.g. 23 dBm
It is important to note that unlike in WCDMA where the power headroom is based on the ‘measured DPCCH power’, in E-UTRAN the PH is in fact a calculated (or an estimated value as the calculation includes potential RSRP estimation errors) based on the expression defined in section 5.1.1.1 in TS 36.213. This has an implication on RAN4 requirements as further described in Section 3. 
If used, the PH is calculated and reported on subframe basis. Furthermore, the PH can be reported periodically or on event-triggered basis based on path loss change [5]. 
The PH 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 the MAC layer and then reported to the network [5].  

3. Analysis of PH Requirements
The following aspects of PH requirements in E-UTRAN are to be covered in RAN4 specification:
· Period requirement

· Reporting delay requirement

· Report mapping
Since the reported PH is calculated from the expression defined in section 5.1.1.1 in TS 36.213, no measurement accuracy requirements are needed for the reported PH. In practice the actual headroom would incorporate the inaccuracies due to power control, but the reported power headroom is based on the UE TX power as calculated from the power control formula.
Period requirement:
This requirement, that is period for which the PH report is calculated and for which it is valid, is already captured in TS 36.213 [2], where PH is defined on subframe basis. However, it is useful to clearly state this requirement in TS 36.133. 
Reporting delay requirement:
The PH is delivered to the MAC layer and then sent to the network. As stated above the PH is estimated from the equation in section 5.1.1.1 in TS 36.213 and this is done for the same subframe as the PHR is transmitted in. This is also how the estimated transmit power is defined in TS 36.213; the transmit power for subframe i is estimated for the same subframe (i.e. i). The estimation can however be done in advance as all input to the formula is known as soon as the TPC command valid for subframe i has been received
.
Therefore, unlike UPH in WCDMA where some processing time is required, the PH in E-UTRAN can be transmitted without any delay. Hence, reporting delay is defined to be 0 subframe delay. 
PH report mapping:
The UPH reporting range is defined between [40; -23] dB with steps of 1 dB requiring 6 bits. Thus the report mapping should be defined to cover the entire dynamic range as shown in table 1. 
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 


4. Summary
The power headroom (PH) is defined in RAN1 and RAN2 specifications. The PH performance requirements comprising of reporting delay, period and reporting range are proposed. If the proposal is acceptable, then a formal CR for TS 36.133 can be drafted. 
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----------------------START OF TEXT PROPOSAL --------------------------
9.1.x
Power Headroom
The power headroom (PH), expressed in dB, is defined as the difference between the UE maximum transmit power and the estimated power for PUSCH transmission according to section 5.1.1.1 in TS 36.213.
9.1.x.1
Estimated Period
The reported power headroom shall be estimated over 1 subframe. The power headroom shall be estimated only in a subframe where PUSCH is transmitted.
9.1.x.2
Reporting Delay
The power headroom reporting delay is defined as the time between the end of the power headroom estimation period and the time when the UE starts transmitting the power headroom over the radio interface. The reporting delay of the power headroom shall be reported without any delay, which is applicable for all configured triggering mechanisms for power headroom reporting.
9.1.x.4
Power Headroom Report Mapping

The power headroom reporting range is from -23 ...+40 dB. Table 9.1.x.4-1 defines the report mapping.

Table 9.1.x.4-1: 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 


------------------------END OF TEXT PROPOSAL-----------------------
� This assumes that the UE’s PL measurement will not be updated every subframe which is a likely assumption.
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