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Situation

At RAN4 #13, Tdoc R4000674 “Use of multicode signals for EVM testing” proposed that Node B EVM should be measured under typical cell loading using Test Model 1 rather than the single code Test Model 4. The reasons given were that this was a more realistic test case and that applying the17.5% when only generating one code was very unlikely to stimulate the modulation error mechanisms given in R4T000674 that are dominant under high loading.

The proposal was not accepted and Agilent Technologies offered to provide further information to this meeting (RAN4 #14) to explain the significance of EVM and its relationship to Peak Code Domain Error, and why the two measurements are complimentary and should be measured under typical loading conditions.

Background

RAN4 has had a history of ambivalence about EVM, most recently with regard to the conformance requirement, which has been proposed at various times to be anywhere from 12.5% to 33%. The current value of 17.5% was an agreed middle ground. For some time there was uncertainty within 25.141 with regard to the test conditions. The original Test Model descriptions were agreed with EVM being listed under test Model 1 (16/32/64 DPCH) whereas the EVM test case itself stated that a single code should be used. This ambiguity was removed with the proposal of Test Model 4 with a single DPCH.

Testing with a single DPCH will reveal some aspects of modulation error that can be easily attributable to baseband IQ errors. However; it seems that applying the multi-code conformance limit to a much simpler test case is going to significantly reduce the usefulness of the test to the point where it is unlikely to ever fail.

One argument that has been proposed is that PCDE is the test for the multi-code case (Test Model 3) and that repeating a similar test for EVM would not reveal any useful information.

EVM Vs Peak Code Domain Error

In order to try and resolve the current debate, a discussion of the individual contributions that the EVM and PCDE measurements bring is necessary. It has often been assumed that EVM and PCDE are just different ways of saying the same thing, however on closer examination, they are each contributing valuable information about he quality of the signal and are therefore both worth measuring – provided the conditions are consistent with real life loading.

What does EVM represent

In the simplest terms, EVM represents the RMS modulation error of the signal. This measure directly relates to rho – the correlation factor – which is the ratio in volts of the useful power to the total power.

The relationship between EVM and rho is:

rho = 1 / (1 + EVM2)
Once rho is known, it is a simple matter to calculate the increased noise in the system:


Noise rise = 10  log (rho)

For example, an EVM of 17.5 percent results in a rho of 0.97, which is a 0.13 dB noise rise. In an otherwise perfect system, this would be the figure by which closed loop power control would increase the signal by in order to maintain the same performance as a signal that had 0% EVM.

What does PCDE represent?

Peak Code Domain Error is a measure of the largest code domain power achieved when the EVM error vector is spread across the code domain at a specific spreading factor – in the Node B case the spreading factor is 256. The significance of this is that it gives a measure of which code the EVM is causing the most interference. In theory all the EVM could map onto one code, but it is much more likely that the error will be more evenly distributed across the code space.

However, being a peak measurement, PCDE is sensitive to code-specific problems such as code intermodulation products and other non-linear effects, which do not result in an even distribution of the EVM across the code space. It is therefore certain that for all practical signals, the PCDE result will be worse than that predicted by a perfectly even distribution of EVM. As a result, it is very hard extrapolate a PCDE measurement and relate it back to EVM. Only integration across all codes will result in correctly reconstructing the original EVM energy. The main value therefore of PCDE is to identify if there are code-specific problems that will affect system capacity on specific codes, and it is unwise to imply EVM from a measure of the worst single code in the code domain.

Summarising the two measurements

Condensing the above even further, EVM can be seen as representing the average error of the signal – and this directly relates to system noise rise. PCDE however hand is a peak measurement of the worst single code at a given spreading factor. EVM is a very sensitive measurement of gradual degradation in a signal’s quality whereas PCDE is a noisy measurement that is very sensitive to specific code-related problems. It should also be noted that the physical error mechanisms that lead to a signal having a bad EVM or PCDE are not always the same. For instance, PCDE is very insensitive to timing or phase errors as it is measured across the entire symbol whereas EVM is a much better short term predictor but is oblivious to code intermodulation.

Consideration of the current specifications

Currently, EVM is specified as being 17.5% and PCDE is specified as >33 dB at a spreading factor of 256. It is interesting to consider that a signal that has a very evenly distributed code domain error at the 33 dB limit, if projected back to the EVM domain, would have an EVM of some 35.8%. Such an EVM would result in a rho of 0.886 and system noise rise of 0.52 dB. This would not be an acceptable situation but if EVM were to be measured under very low loading e.g. Test Model 4, such a problem might not be detected.

Proposal

It is felt that to best characterise a downlink signal it is necessary to consider both the average modulation error in the form of EVM as well as the peak error as it appears in the code domain. For these complimentary measurements to be meaningful, it is necessary to measure under typical loading conditions. To this end, a CR to 25.141 is appended which proposes Test Model 1 for EVM.

3GPP TSG-RAN4 Meeting #14 
Tdoc R4-000822

Sophia Antipolis, France, Nov 13th - 17th 2000

CR-Form-v3

CHANGE REQUEST



(

25.141
CR
CR-Num
(

rev
-
(

Current version:
3.3.0
(




For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.



Proposed change affects:
(

(U)SIM

ME/UE
x
Radio Access Network

Core Network




Title:
(

Test Model usage for EVM measurement




Source:
(

Agilent Technologies




Work item code:
(



Date: (

10.11.2000







Category:
(

F

Release: (

R99


Use one of the following categories:
F  (essential correction)
A  (corresponds to a correction in an earlier release)
B  (Addition of feature), 
C  (Functional modification of feature)
D  (Editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
Use one of the following releases:
2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
REL-4
(Release 4)
REL-5
(Release 5)




Reason for change:
(

Using test Model 4 does not sufficiently stress Node B for the EVM test 




Summary of change:
(

Change the EVM measurement from using Test Model 4 to test Model 1




Consequences if 
(

not approved:
It would be possible to pass the test using a simple signal but fail badly with a more complex one leading to reduced system capacity.




Clauses affected:
(

C.3.2, C.3.3, C.3.4




Other specs
(


 Other core specifications
(



affected:

 Test specifications




 O&M Specifications





Other comments:
(



How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at: http://www.3gpp.org/3G_Specs/CRs.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://www.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2000-09 contains the specifications resulting from the September 2000 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.
 6.1.1.1
Test Model 1

This model shall be used for tests on:

-
spectrum emission mask;

-
ACLR;

-
spurious emissions;

-
transmit intermodulation;

-
base station maximum output power,

-    EVM measurement.
<Sections deleted>

6.1.1.3.1
Test Model 4

This model shall be used for tests on:





�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything . i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR will be applied if it is approved. Make sure that the lastest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to � HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm" ��http://www.3gpp.org/3G_Specs/3G_Specs.htm�


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark one or more of the boxes with an X.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line.


�PAGE \# "'Page: '#'�'"  �� Enter the source of the CR. This is either (a) one or several companies or, (b) if a (sub)working group has already reviewed and agreed the CR, then list the group as the source.


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, B & C CRs for release 4 and later. Work item acronyms are listed in the 3GPP work plan. See � HYPERLINK "http://www.3gpp.org/ftp/information/work_plan/" ��http://www.3gpp.org/ftp/information/work_plan/�


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed below. For more detailed help on interpreting these categories, see the Technical Report 21.900 "3GPP working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change. i.e. How the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR was to be rejected. It is necessary to complete this section only if the CR is of category "F" (i.e. essential correction).


�PAGE \# "'Page: '#'�'"  �� Enter each the number of each clause which contains changes.


�PAGE \# "'Page: '#'�'"  �� Enter an X in the box if any other specifications are affected by this change.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected or the CRs which are linked.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.


�PAGE \# "'Page: '#'�'"  �� This is an example of pop-up text.





CR page 3

