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Introduction

In [1], UE power headroom is introduced as part of UL scheduling information for E-DCH. In this contribution, we discuss the definition of the measurement to be included in the L1 measurements.

Background

To be able to better utilize the UL resources, UE power headroom can be used in addition of UE buffer status and UL interference headroom in the Node B scheduler.

· Proper absolute grant decision: In case a UE has full buffer and the UL interference headroom is large, the Node B would give a high absolute grant to that UE. But if the UE has very small power headroom, the grant would not be utilized. It would be better to send a proper grant to the UE such that the remaining UL resources could be used for other UEs instead. With knowledge of UE power headroom, the Node B can make more proper absolute grant decisions.

· Less relative grant transmission: Relative grants may be used if a too high absolute grant was sent. The more accurate the absolute grant can be decided, the less relative grants need to be sent to adjust the rate.

· Uplink resources optimization: With proper absolute grant decisions, the uplink resources can be optimized.

To be able to make use of the measurement, the measurement error should not be too large. Since it is a relative measurement (cf. [1]) with filtering, it should be possible to have a fairly accurate measurement, with a resolution in the order of 1dB.

The measurement period/filtering length should be in the order of log-normal fading, i.e. assuming almost constant path loss.

Please see our RAN4 companion contribution [2] for a proposal of the accuracy and filtering length.
UE headroom measurement

Considering the UE power headroom to be used for E-DPDCH transmission, the following should be considered (as illustrated in Figure 1 below):

· Transmission of non-scheduled channels DPCCH, DPDCH and HS-DPCCH and their power offsets to DPCCH;

· PA power reduction (PA power back-off) which depends on E-DPDCH code allocation and power offset to DPCCH, TTI length, and the UE PA implementation.
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Figure 1: UE Tx power

Consideration of non-scheduled uplink channels and E-DPCCH

Since the absolute grant value sent to the UE is the power ratio E-DPDCH/DPCCH, it would be convenient to have the same definition for the UE power headroom measurement to be used for the scheduler, i.e. the ratio of the power left to be used for E-DPDCH and the DPCCH power. This implies that the power to be spent on the E-DPCCH needs to be excluded from the power headroom. In the E-DPCCH power calculation, the (ec for the corresponding E-DPDCH (the derived target E-DPDCH to occupy the rest of the power headroom) can be used.

It would be practical and easier for the UE to exclude the transmission powers of DPCCH, DPDCH, HS-DPCCH and E-DPCCH from the power headroom measurement, although the Node B can estimate the UE individual transmission powers of these channels based on the received DPCCH power estimate, used power offsets and the TFCI.

PA power reduction consideration

The PA power reduction, as also analyzed in [3], depends on the E-DPDCH code allocation, power offset, TTI length, UE PA implementation, etc. In principle, two approaches are possible:

PA power reduction estimated by the UTRAN

Given the UE buffer status and the UL resources, with also use of the UE power headroom estimate (without PA power reduction), the UTRAN can choose a nominal PA power reduction value. The nominal PA power reduction value can be chosen from a table of UE buffer status, UL resources, the UE power headroom estimate, and the power offsets. The proper grant (E-DPDCH/DPCCH) can then be chosen by excluding the nominal PA power reduction value from the Tx power headroom estimate as the maximum possible UE Tx power. The drawback here is that the UTRAN does not have knowledge of PA implementation of the UE, which may lead to larger variation in the PA power reduction consideration for different UE vendors, which in turn may lead to lower throughput or pessimistic scheduling.

PA power reduction estimated by the UE

The UE estimates its power headroom (without PA power reduction), and derives a target rate (considering also the limitations from the UE category) which is a function of the buffer status, the possible code allocation, and the corresponding E-DPDCH power offset. Then the UE calculates the applicable PA power reduction value for this configuration and reports the power headroom estimate reduced by the PA power reduction value. This reduced power headroom will naturally correspond to a lower rate than the originally derived targeted rate.

The fact that the UE does not have knowledge of the eventually granted power ratio is not a problem here, since the UE will always be capable to transmit if the UE gets a lower grant than the one it used in the PA power reduction estimation, even if the PA power reduction could be a little larger.

The UE buffer status includes two amounts of available data: the highest-priority available data and the total available data. Since the highest-priority available data cannot exceed the total available data, the UE should always be able to transmit if the PA power reduction is estimated with the maximum possible rate based on the total available data, even if the Node B grants a lower rate.
Proposal

We propose that the second approach is used, i.e. the PA power reduction is estimated by the UE and included in the power headroom measurement. The UE power headroom can be defined according to the following:
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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 [4];
· Pmax is the UE nominal maximum output power that is defined by the UE power class in [5];

· 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 definition of the measurement in 25.215 could be as following:

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:


[image: image3.wmf]DPCCH

DPCCH

DPCCH

E

DPCCH

HS

DPDCH

tx

P

P

P

P

P

P

UPH

/

)

(

max,

-

-

-

-

=

-

-


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.

	Applicable for
	CELL_DCH intra


The fact that this measurement is reported to the NodeB scheduler using Mac-e signalling, has also to be clarified in the beginning of chapter 4 in 25.215, where so far all UE measurements listed in chapter 5 are assumed to be reported to the RNC using RRC signalling.

A CR proposal is attached.
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Control of UE/UTRAN measurements

In this chapter the general measurement control concept of the higher layers is briefly described to provide an understanding on how L1 measurements are initiated and controlled by higher layers.

L1 provides with the measurement specifications a toolbox of measurement abilities for the UE and the UTRAN. These measurements can be differentiated in different reported measurement types: intra-frequency, inter-frequency, inter-system, traffic volume, quality and UE internal measurements (see [14]).

In the L1 measurement specifications the measurements, see chapter 5, are distinguished between measurements in the UE (the messages will be described in the RRC Protocol or MAC Protocol [22]) and measurements in the UTRAN (the messages will be described in the NBAP and the Frame Protocol).

To initiate a specific measurement the UTRAN transmits a 'measurement control message' to the UE including a measurement ID and type, a command (setup, modify, release), the measurement objects and quantity, the reporting quantities, criteria (periodical/event-triggered) and mode (acknowledged/unacknowledged), see [14].

When the reporting criteria is fulfilled the UE shall answer with a 'measurement report message' to the UTRAN including the measurement ID and the results.

In idle mode the measurement control message is broadcast in a System Information.

Intra-frequency reporting events, traffic volume reporting events and UE internal measurement reporting events described in [14] define events which trigger the UE to send a report to the UTRAN. This defines a toolbox from which the UTRAN can choose the needed reporting events.

5.1.14
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.

	Applicable for
	CELL_DCH intra
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