3GPP TSG RAN WG4 (Radio) Meeting #37
R4-051125

Seoul, Korea. 7-11 November 2005

Agenda:

6.12.1

Source:

Ericsson
Title:
 Requirements for UE Power Headroom 
Document for:

Approval
1. Introduction and Background

RAN1 has specified the definition of UE transmission power headroom [1]. RAN4 has to define the performance requirements of this newly introduced measurement. RAN4 already addressed this issue in the last meeting [2] but could not conclude because RAN1 had not finalized the definition. In this contribution we address all RAN4 related issues concerning this measurement.

2. UE Power Headroom Measurement

The UE power headroom is a physical layer measurement [3] but it is part of the scheduling information is sent by appending it at the end of the MAC-e PDU [4]. 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.

UE power headroom (UPH) is defined as follows:
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Where:

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

Maximum allowed UL TX Power is set by UTRAN and defined in [5];
Pmax is the UE nominal maximum output power according to the UE power class and specified in [6] table 6.1;

PDPCCH is the transmitted code power on DPCCH.

The exact definition specified in RAN1 [3] is reproduced in annex A of this document.

3. UPH Requirements 

In this contribution we address following issues related to the UPH measurement performance requirements to be specified in 25.133 [7]: 

· Measurement accuracy including measurement period, reporting range and consideration of compressed mode

· Measurement reporting delay

3.1 Measurement Accuracy issues

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) by appending it at the end of the MAC-e PDU [4]. The periodicity of the scheduling information sent to node B is defined in the order of TTI, with 1 TTI as the shortest report period and configurable through RRC signaling [5]. 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 DPCCH is large. On the other hand when power on DPCCH is lower (e.g. when UE is close to the node B), the reported UPH can be larger. We propose the lower UPH reported value of 0 dB, then the maximum UPH reported value would be 31 dB (assuming 5 bits for signalling). 

The UPH measurement interval (Tm) is proposed as 2 ms for both TTI lengths (2 ms and 10 ms), which is in line with the shortest reporting period [4]. Further more we believe this can be more effectively utilized by the MAC layer filtering [8]. In addition UPH is not measured during the compressed mode gaps. Table 1 below defines the UPH report mapping and corresponding accuracy. The requirements for change of TFC defined in table 6.8 [6] are used as the basis for UPH measurement accuracy. The power change due to change of TFC is a relative power difference between the original slot and the target time slot. UPH is a relative measurement therefore we expect similar performance for change of TFC and UPH. 

Table 1. UPH Measurement accuracy

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

	UE_POWER_HEADROOM_0
	0 ( to ( 1
	+0.5

	UE_POWER_HEADROOM_1
	1 ( to ( 2
	+/-1.0

	UE_POWER_HEADROOM_2
	2 ( to ( 3
	+/-1.5

	UE_POWER_HEADROOM_3
	3 ( to ( 4
	+/-2.0

	UE_POWER_HEADROOM_4
	4 ( to ( 5
	+/-2.0

	UE_POWER_HEADROOM_5
	5 ( to ( 6
	+/-2.0

	UE_POWER_HEADROOM_6
	6 ( to ( 7
	+/-2.0

	UE_POWER_HEADROOM_7
	7 ( to ( 8
	+/-2.0

	UE_POWER_HEADROOM_8
	8 ( to ( 9
	+/-2.0

	UE_POWER_HEADROOM_9
	9 ( to ( 10
	+/-2.0

	UE_POWER_HEADROOM_10
	10 ( to ( 11
	+/-3.0

	UE_POWER_HEADROOM_11
	11 ( to ( 12
	+/-3.0

	UE_POWER_HEADROOM_12
	12 ( to ( 13
	+/-3.0

	UE_POWER_HEADROOM_13
	13 ( to ( 14
	+/-3.0

	UE_POWER_HEADROOM_14
	14 ( to ( 15
	+/-3.0

	UE_POWER_HEADROOM_15
	15 ( to ( 16
	+/-4.0

	UE_POWER_HEADROOM_16
	16 ( to ( 17
	+/-4.0

	UE_POWER_HEADROOM_17
	17 ( to ( 18
	+/-4.0

	UE_POWER_HEADROOM_18
	18 ( to ( 19
	+/-4.0

	UE_POWER_HEADROOM_19
	19 ( to ( 20
	+/-4.0

	UE_POWER_HEADROOM_20
	20 ( to ( 21
	+/-6.0

	UE_POWER_HEADROOM_21
	21 ( to ( 22
	+/-6.0

	UE_POWER_HEADROOM_22
	22 ( to ( 23
	+/-6.0

	UE_POWER_HEADROOM_23
	23 ( to ( 24
	+/-6.0

	UE_POWER_HEADROOM_24
	24 ( to ( 25
	+/-6.0

	UE_POWER_HEADROOM_25
	25 ( to ( 26
	+/-6.0

	UE_POWER_HEADROOM_26
	26 ( to ( 27
	+/-6.0

	UE_POWER_HEADROOM_27
	27 ( to ( 28
	+/-6.0

	UE_POWER_HEADROOM_28
	28 ( to ( 29
	+/-6.0

	UE_POWER_HEADROOM_29
	29 ( to ( 30
	+/-6.0

	UE_POWER_HEADROOM_30
	30 ( to ( 31
	+/-6.0

	UE_POWER_HEADROOM_31
	31 ( to ( 32
	+/-6.0


3.2 Measurement Reporting Delay

The UE physical layer sends the measurement to its higher layer (e.g. MAC-e), which further sends it to the node B in via control PDU (appended at the end of MAC-e PDU). This means UE needs some time to process the UPH measurement before sending it to the network. Secondly we need to ensure the UE sends the latest measurement to the network. Therefore, we propose to specify the minimum requirements for the UPH measurement reporting delay (TD), which is defined as the maximum time between the end of the UPH measurement and the start of the UPH measurement reporting. Figure 1 illustrates the measurement reporting delay (TD), which starts just after the measurement period (Tm) and ends just before the instant in time when the measurement is ready for transmission to the network. We propose the measurement reporting delay of 2 ms.  
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3.3 Summary of Proposal

Table 2 below summarizes the issues related to the proposed performance requirements for the UPH measurement.

Table 2. UPH Performance requirement aspects
	Requirement aspect
	Value
	Comment

	Measurement interval [Tm]
	2 ms
	Same for 2 ms and 10 ms TTI

	Reporting range
	0 dB - 31 dB (32 levels)
	5 bits used for signalling by MAC-e

	Measurement accuracy
	Ranges: +0.5 to +/- 6.0 dB
	Better accuracy at lower UPH and vice versa

	Compressed mode
	-
	No measurement during compressed mode gaps

	Measurement reporting delay [TD]
	2 ms
	Time for processing at the UE


4. Conclusions

In this document we have proposed different aspects of the requirements related to UE power headroom (UPH) measurement. We propose 32 reporting levels, expressed in dB with a resolution of 1 dB step, i.e. varying between 0 dB to 31 dB. The measurement interval is 2 ms for both TTI lengths. UE headroom measurement is to be done during the compressed mode gaps. We also propose to specify the UPH measurement reporting delay of 2 ms. 
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Annex A

   UE E-DPDCH transmission power headroom

	Definition
	UE transmission power headroom (UPH) is the ratio of the maximum 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} 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;

PDPCCH is the transmitted code power on DPCCH.

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