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Introduction

During the ongoing discussions on power measurement, a number of inconsistencies have been discovered in the way power setting and measurement is specified across the various specifications 25.101/2/4/5 and 25.141/2 and 34.121/2.

The following answers are the outcome of an ad-hoc meeting on 4th September to discuss power measurements. These should be the basis for any CRs.

Issue
Spec.
Clause
Issue

1
25.101
7.3.1 Reference sensitivity level
Both UE specs define ref sens level as a power spectral density in units of dBm/3.84 MHz. Both BTS spec define it as dBm. Is this an intentional difference? Without further clarification, the assumption is that the total transmit power for UE ref sens needs to be set 0.246 dB higher than the power spectral density figure quoted.


25.102
7.3.1 Reference sensitivity level



25.104
7.2.1 Reference sensitivity level



25.105
7.2.1 Reference sensitivity level



Answer
The confusion comes from two sources.

25.104 BTS spec defines reference sensitivity as the power of the UE DPCH

25.101 UE spec defines reference sensitivity as the energy of the DPCH in one chip period

The “units” of dBm/3.84 MHz from 25.101 table 7.2 have been interpreted to express a power spectral density of the DPCH in a 3.84 MHz bandwidth. When it becomes clear that the quantity being specified in Table 7.2 is energy, then the “units” of “dBm/3.84 MHz” are in fact dB mJoules. This is mathematically correct but very misleading.

It therefore becomes obvious that the reference sensitivity for the UE expressed in terms of DPCH power, means that the DPCH power is in dBm and not a filtered power spectral density. Thus the BTS and UE specs are saying the same thing but in different and confusing ways. The proposal is to redefine the UE reference sensitivity in terms of DPCH power in dBm and not DPCH_Ec energy in one chip.

So taking the numbers from table 7.2 we get:

DPCH_Ec Energy of ( –117 dBm * 66.7 ns) = (-117 dBm / 3.84 MHz ) dB mJ

The recommendation is to replace DPCH_Ec with DPCH power specified in dBm in table 7.2 and elsewhere as appropriate. This could be pervasive!

2
25.104
6.2 Maximum output power
Rated output power, PRAT, of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector

Is there any measurement filtering assumed or implied in this definition “per carrier”?


Answer
This was not discussed explicitly, however the assumption that seems reasonable to make is that the conditions for measuring the power level per carrier should be the same as if there were only one carrier – i.e. total transmit power (not RRC filtered average power).

Clarification may be helpful but not essential at this stage.

3
25.104
6.4.4.1 CPICH power
CPICH power shall be within ( 2.1dB of the value indicated by a signalling message.

How is the signalled CPICH power defined? Is this the same as the measurement method (code domain power)?


Answer
Based on decisions later on, all power measurement of useful signals is made either by broadband power or decision point power (which is the same as code domain power). So the signalled CPICH is assumed to be total power.

Clarification may be helpful but not essential at this stage.

4
25.101
6.4.1.1 Open loop output power
Both 25.101 and 34.121 define open loop output power as the average power after a 3.84 MHz RRC filter. 34.121 then specifies Annex B (Global in-channel test) as the measurement algorithm, however this returns chip decision point power which is 0.246 dB higher than average power. If this is correct, then 25.101 needs to be more specific, otherwise 34.121 is incorrect.


34.121
5.4.1.4.2 Open loop output power



Answer
It was decided that decision point power was the correct measurement. To avoid future confusion, this should be made more explicit in 25.101.

A CR to 25.101 is recommended. Also, Decision point power needs to be defined more clearly in the specs. Given the equivalence of power measurements made at different points in the transmit chain using different methods, it seems over-restrictive of the core specifications to mandate one method. Therefore measurement details should be left to the test specifications, and even those should not be over restrictive. The key point is that the result should correlate with the core specification definition of power. One suggested wording for 25:101 is:

The UE open loop power is defined as the average power at the antenna connector in a timeslot or ON power duration, whichever is available.

And for 34.121

2) Measure the first RACH preamble output power of the UE.

Such a definition would then allow a variety of methods to be used, which can be demonstrated to be equivalent. E.g. for increased accuracy, a power meter could be used, or for convenience when combining with other tests, Annex B decision point power or code domain power could be used.

5
25.102
3.1 Definitions
The definition of average power makes no mention of the fact that almost all measurements are made at the decision points which is not the average after the defined measurement filter.


Answer
The conclusion is that the R&S CR in R4-011219 to delete the definition of average power should be accepted.

6
25.101
6.4.3.1 Minimum output power
Power is defined as in issue 4, but here the measurement method is “Measure the output power of the UE by Tester.”. Given no further information, this has to be the average power after the RRC filter and not the Annex B decision point power.


34.121
5.4.3.4.2 Minimum output power



Answer
The test specification should be clarified as per the recommendation of issue 4

7
25.102
6.4.2.1 Minimum transmit output power
Power is defined as in issue 4 but the measurement method has the following (informative) note: “Annex B returns the power in the decision points (displayed as reference power and power offset). This is equivalent to thermal power at the air-interface. Insofar 5.4.2 minimum output power is consistent with 5.2 maximum output power.”.

This might be the only reference in the 3GPP UE specifications to decision point power and as such, if this is a correct statement, it needs to be much more prominent than an informative note in the details of the measurement method for one specific test. The last sentence of the note is also unclear as to what is meant.


34.122
5.4.2.4.2 Minimum transmit output power



Answer
The test specification should be clarified as per the recommendation of issue 4

8
25.101
6.5.1.1 Transmit off power
Power is specified as in issue 4 but this time the test method is “Measure the leakage power within the transmission band from the UE by the Tester.” What is meant by transmission band? Is this the 3.84 MHz RRC filter?


34.121
5.5.1.4.2 Transmit off power



Answer
The conclusion is that since the off power is unwanted and contains no useful data, it cannot be measured using decision point power. The only alternative is to measure average power, and in order to correctly model the receiver, a 3.84 MHz RRC filter is necessary.

A clarifying CR may be needed.

9
25.101
6.5.2.1 Power on/off time mask
Power is specified as in issue 4. The measurement method is “Measure the first RACH preamble output power (ON power) of the UE. The measurements shall not include the transient periods.”. This implies average power in RRC filter. But for TDD, the on power measurement is probably referring to chip decision power “Record the following time periods with at least 2 samples /chip through a matched filter (RRC 0.22, BW al to the chiprate) : TS s-1 and TS s+1 in frame f or  or f+2” though the reference to Annex B is not explicit. And for the off power, the measurement interval is one chip for which there is no reference in 25.102.


34.121
5.5.2.4.2 Power on/off time mask



25.102
6.5.2.1 Power on/off time mask



34.122
5.4.4.4 Power on/off time mask



Answer
The off power should be measured the same way as transmit off power issue 8. Clarification in 25.101/2 is necessary regarding the off power measurement period since there is currently inconsistency between test specs and core specs.

T1/RF have assumed that the measurement period should be a short as one symbol, which is one chip for TDD and 4 chips for FDD. Currently the TDD specs state one chip but a recent proposal to 34.121 to use 4 chips rather than one slot was postponed pending RAN4 discussions.

A CR is needed to defined the minimum measurement period so that UE are not unnecessarily failed for unimportant power transitions before or after the burst.

10
25.101
6.6.2.2 ACLR
Four different ACLR definitions!

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the average power centred on the assigned channel frequency to the average power centred on an adjacent channel frequency. 

ACLR is the ratio of the transmitted power to the power measured in an adjacent channel. 

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the transmitted power to the power measured in an adjacent channels.

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the wanted power to the power in an adjacent channel.
The main concern is that 34.122 specifies the reference power measurement as “Measure the wanted transmitted power of the active timeslot using the method in annex B.” 

25.142 is more specific “The power is determined by calculating the RMS value of the signal samples at the measurement filter output taken at the decision points. (The global in-channel TX test described in Annex C may be applied.)

So the TDD results for ACLR will be 0.246 dB better than the FDD for the same signals. 


34.121
5.10.1 ACLR



25.102
6.6.2.2 ACLR



34.122
5.5.2.2.1 ACLR



25.142
6.6.2.2.4.2 ACLR



Answer
ACLR is a noise measurement and therefor not possible to be measured using decision point power. The issue is whether to reference the average power at the offsets to the average power at the centre frequency, (FDD test specs) or the decision point power at the reference frequency (TDD test specs). The decision is that the reference should be the average power at the reference. There are two reasons, first, the reference power will be uncorrelated to the channel being interfered with, so its impact is an average and not a chip synchronised effect (like OCNS). Also, since the units of ACLR is dB, it makes mathematical sense to have the same measurement conditions for both results prior to calculating the ratio.

A CR to the TDD test specs will be necessary to remove decision point power for the ACLR reference. The four ACLR definitions need to be aligned. 

11
25.101
6.6.2.1 Spectrum emission mask
25.101 says,  “The out of channel emission is specified relative to the UE output power measured in a 3.84 MHz bandwidth.”

Does this include RRC filtering? 34.121 is specific but without reference to 25.101:

Measure the wanted output power according to Annex B.



5.9.4.2 Spectrum emission mask



Answer
This was not really discussed but is still an issue that needs clarification.

Other issues that have arisen

Annex B power definitions needs to be clarified to better define the concept of decision point power. Work is ongoing to improve the annex, but has been held up by the issue about downlink power control timing. It may be necessary to de-couple these issues if progress is to be made.

An informative annex on CDMA power measurements is probably in order, which explains the equivalence 

P0 = P1 = P2 + 0.246 = P3 = P4.

The CR accepted in R4-011238 for UE maximum output power probably means that the reference to one timeslot in 34.121 should be deleted.

The detector type for spurs in 25.101 is not defined. Want to align 34.121 and have RMS. See 25.141.

All changes should be co-ordinated!






































































































































































































































