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1. Introduction and Background

In [1], UE power headroom was initially introduced as part of uplink scheduling information for E-DCH. The performance requirements of this newly introduced measurement are to be specified in RAN4. Therefore, RAN2 sent LS [2] to RAN4 during RAN4#35 meeting to comment on the achievable requirements and the feasibility of taking the PA power reduction into account when reporting. In response, RAN4 agreed to address these issues in this meeting (RAN4#36) as indicated in RAN4 LS [3] to RAN1 and RAN2. In this contribution, we discuss the requirement aspect of this measurement.

2. UE Power Headroom Measurement

The UE power headroom is a physical layer measurement but it is part of the scheduling information that is sent as part of the MAC-e header [1]. It aims to provide the scheduler in the serving node B with a better view of the amount of radio resources needed by the UE and the amount of resources that can actually be utilized by the UE.

The definition of the UE power headroom [4], which is being currently discussed in RAN1, shall be introduced in RAN1 specification [5]. As proposed in RAN1 [4], UE power headroom (UPH) is defined as follows:
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Where:

· Pmax,tx = min {Maximum allowed UL TX Power, Pmax – Preduction} is the UE maximum transmission power, taking into account the UE power class, the PA power reduction, and the maximum allowed TX power;

· Maximum allowed UL TX Power is set by UTRAN and defined in [6];

· Pmax is the UE nominal maximum output power that is defined by the UE power class in [7];

· Preduction is the PA power reduction and is estimated based on the highest possible transmission rate (the possible code allocation and power offset considering the total available data in the buffer, i.e. assuming largest grant the UE would like to have and has the power to transmit).

A zero value of UPH in linear scale implies that there is no power left for E-DCH transmission. A larger than zero (UPH *PDPCCH) value in linear scale would be the power that could be spent on E-DPDCH.

The exact definition proposed [4] in RAN1 is given in annex A of this document.

3. Proposal for Requirements

In (1) the UPH is expressed in linear scale. Being a relative measurement, the UPH can be reported in dB scale with 1 dB step size. Assuming power class 3 terminal, the UE maximum and minimum transmitted power can vary between 24 dBm to -50 dBm, respectively. As discussed in RAN2 either 4 or 5 bits shall be reserved to report the UPH (with other scheduling information) as part of the MAC-e header [1]. The periodicity of the scheduling information [1] sent to node B is defined in the order of TTI, with 1 TTI as the shortest report period. Given the number of available signalling bits, the full dynamic range of the UPH cannot be reported. Therefore 5 bits should be reserved to report 32 UPH levels to the node B. 

The UE will report lower UPH in case the power transmitted on the control channels especially on the DPCCH is large. On the other hand when power on the control channels is lower such as when UE is close to the node B, the reported UPH can be larger. Assuming the lower UPH reported value of 1 dB, the maximum UPH reported value would be 33 dB (assuming 5 bits for signalling). 

The UPH measurement interval is proposed as one frame [10 ms], which will facilitate the filtering of fading. In addition UPH is not measured during the compressed mode gaps. Table 1 below defines the UPH report mapping and corresponding accuracy in TBD. We propose to complete these TBD by the next RAN4 meeting in November. 

Table 1

	Reported value
	Measured quantity value (dB)
	Accuracy (dB) 

	UE_POWER_HEADROOM_1
	1 ( to ( 2
	TBD

	UE_POWER_HEADROOM_2
	2 ( to ( 3
	TBD

	UE_POWER_HEADROOM_3
	3 ( to ( 4
	TBD

	UE_POWER_HEADROOM_4
	4 ( to ( 5
	TBD

	UE_POWER_HEADROOM_5
	5 ( to ( 6
	TBD

	UE_POWER_HEADROOM_6
	6 ( to ( 7
	TBD

	UE_POWER_HEADROOM_7
	7 ( to ( 8
	TBD

	UE_POWER_HEADROOM_8
	8 ( to ( 9
	TBD

	UE_POWER_HEADROOM_9
	9 ( to ( 10
	TBD

	UE_POWER_HEADROOM_10
	10 ( to ( 11
	TBD

	UE_POWER_HEADROOM_11
	11 ( to ( 12
	TBD

	UE_POWER_HEADROOM_12
	12 ( to ( 13
	TBD

	UE_POWER_HEADROOM_13
	13 ( to ( 14
	TBD

	UE_POWER_HEADROOM_14
	14 ( to ( 15
	TBD

	UE_POWER_HEADROOM_15
	15 ( to ( 16
	TBD

	UE_POWER_HEADROOM_16
	16 ( to ( 17
	TBD

	UE_POWER_HEADROOM_17
	17 ( to ( 18
	TBD

	UE_POWER_HEADROOM_18
	18 ( to ( 19
	TBD

	UE_POWER_HEADROOM_19
	19 ( to ( 20
	TBD

	UE_POWER_HEADROOM_20
	20 ( to ( 21
	TBD

	UE_POWER_HEADROOM_21
	21 ( to ( 22
	TBD

	UE_POWER_HEADROOM_22
	22 ( to ( 23
	TBD

	UE_POWER_HEADROOM_23
	23 ( to ( 24
	TBD

	UE_POWER_HEADROOM_24
	24 ( to ( 25
	TBD

	UE_POWER_HEADROOM_25
	25 ( to ( 26
	TBD

	UE_POWER_HEADROOM_26
	26 ( to ( 27
	TBD

	UE_POWER_HEADROOM_27
	27 ( to ( 28
	TBD

	UE_POWER_HEADROOM_28
	28 ( to ( 29
	TBD

	UE_POWER_HEADROOM_29
	29 ( to ( 30
	TBD

	UE_POWER_HEADROOM_30
	30 ( to ( 31
	TBD

	UE_POWER_HEADROOM_31
	31 ( to ( 32
	TBD

	UE_POWER_HEADROOM_32
	32 ( to ( 33
	TBD

	UE_POWER_HEADROOM_33
	33 ( to ( 34
	TBD


4. Conclusions

UE power headroom (UPH) was introduced as part of uplink scheduling information. Its definition is being specified in RAN1. This document discusses the requirement aspect of UPH. We propose 32 reporting levels, which should be expressed in dB with a resolution of 1 dB step. The UE headroom measurement interval is 10 ms. No UE headroom measurement is to be done during the compressed mode gaps. The proposed reporting levels vary between 1 dB to 33 dB whose accuracy figures are to be defined. We propose to complete this work by the next RAN4 meeting in November. 
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Annex A

   UE E-DPDCH transmission power headroom

	Definition
	UE E-DPDCH transmission power headroom (UPH) is the power ratio of the available UE transmission power and the corresponding DPCCH code power, and shall be calculated as following:
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where:

Pmax,tx = min {Maximum allowed UL TX Power, Pmax – Preduction} is the UE maximum transmission power;

Maximum allowed UL TX Power is set by UTRAN and defined in [14];
Pmax is the UE nominal maximum output power according to the UE power class and specified in [18] table 6.1;

Preduction is the PA power reduction and is estimated based on the highest possible transmission rate (the possible code allocation and power offset considering the total available data in the buffer, i.e. assuming largest grant the UE would need and would have the power to transmit);

PDPDCH is the transmitted code power on DPDCH;

PHS-DPCCH is the transmitted code power on HS-DPCCH;

PE-DPCCH is the transmitted code power on E-DPCCH;

PDPCCH is the transmitted code power on DPCCH.

The reference point for the E-DPDCH transmission power headroom shall be the antenna connector of the UE.
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