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Background

Recently there have been a number of issues raised formally or discussed informally at RAN WG4 regarding the use of Test Models and EVM:

· Use of test model 4 (single code) Vs test model 1 (multi code)
· Relationship between EVM and Peak Code Domain Error
· Definition of test model 4

· Impact of SCH on EVM accuracy

· Impact of inner loop power control transient period on measurement accuracy

· EVM measurement period

· Introduction and definition of Global in channel test

· Usefulness of test model 3 for PCDE

At this meeting the following issues will be raised

· EVM measurement period synchronisation

· Re-introduction of SCH period

· Addition of CPICH to test model 4

· Extended mathematical description added to global in channel test

· Proposal for handling power control step as a normal event

· Impact of code dependent timing and phase errors on EVM accuracy (later in this document)

· Clarification of the channels to be used for the EVM/PCDE reference signal

In most areas there appears to be consensus as to which direction RAN WG4 is moving in, and if we were to take today’s level of understanding of W-CDMA modulation quality measurements and re-draft R99, it would be relatively easy to come up with a universally acceptable proposal.

However, at this late stage in R99 development, it is probably too late to gain consensus on the best way forward for R99. With this in mind, it is proposed that only one essential change is made to R99, and that the remainder of the issues are resolved by the next meeting of RAN WG4 in the new Rel-4 specifications. This should enable quick resolution of the essential issues for R99 whilst providing a “clean sheet” in Rel-4 to define the most optimal solution for the long term. It is also expected that any improvements made to the definition of EVM/PCDE made in Rel-4 would be backwards compatible with R99 scenarios thus allowing Rel-4 compliant test equipment to be developed as soon as the definition is stable, and for it to be used for all R99 test scenarios.
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Proposal

With the above principle in mind, the following split is proposed (with explanations) as the best way forward:

2.1

Essential issues to resolve in R99 specifications

2.1.1
Re-introduction of SCH period

Further analysis since RAN WG4 #14 has shown that EVM accuracy need not be compromised by the non-orthogonal SCH channel, provided there is an agreed interpretation in the core specifications of the principle of measurement as defined in the global in channel test.

2.1.2
Re-definition of test model 4 – yes or no?

It seems that there are three different needs all pulling the definition of test model 4 in different directions. The original reason for test model 4 was to provide a reference QPSK signal similar to that used for IS-95 on which the original single-code EVM limit of 12.5% was based. Since then a number of things have transpired:

1. The current test model 4 is not strictly QPSK due to the presence of the P-SCH and S-SCH.

2. Developments in the RAN2 specifications for the cell setup message mean that if the DUT is to be configured for test using a standard message, there is no way to generate test model 4 without introducing “test mode” commands. The cell setup message includes SCH, P-CCPCH and CPICH.

3. There is a proposal at this meeting in R4-010279 to add CPICH to test model 4 for the purposes of defining the EVM measurement period as the timeslot of the CPICH. However, this is not strictly necessary since 25.211 section 7.1 states “SCH (primary and secondary), CPICH (primary and secondary), P-CCPCH, and PDSCH have identical frame timings.” So since the SCH is present already, it can be used as the reference.

4. There has been discussion about replacing test model 4 with only a CPICH in order to return it to its original QPSK origins.

It is clear from the above that there is no clean solution. Do we allow limitations in the flexibility of protocol definitions to define what we can and can’t control for test purposes? If so we end up with a test model 4 that is even further from the original intent of QPSK. Or do we go in the other direction and replace test model 4 with a CPICH only, and resolve using a test command the configuration of the DUT.  There seem to be three options open:

1. Add CPICH to test model 4 t make the control simpler, but compromise the pure QPSK intent.

2. Replace test model 4 with CPICH and resolve the control issues some other way than standard commands.

3. Leave test model 4 unchanged and live with what has been stable for some months. This signal is measurable and is pure QPSK for 90% of its duration. 

In the interests of expediency neither option 1 or 2 seem to be essential changes to R99, so the proposal is to leave test model 4 unchanged. The proposed obsolesce of test model 4 for Rel-4 discussed below make this a transitory problem anyway.

2.2

Enhancements and improvements for modulation quality measurements for Rel-4

2.2.1
Change to using test model 1 for EVM

The principle for this was agreed at RAN WG4 #14, however it was felt that it was too late to agree this for R99. The figure of 17.5% would have to be re-confirmed as an appropriate value for an EVM test using a multi-code signal.

2.2.2
Change to using test model 1 for PCDE

The introduction of the global in channel test and the principle that EVM and PCDE are complimentary measurements, makes it easy to see that using the same test signal for both measurements is a sensible approach. The main difference between test model 3 and test model 1 is the choice of codes. In test model 3, all the codes are in the upper half of the code space, and the reason for this was that it provides the best visual indication of problems. This is because mathematically, the expected code spurs would all fall in the “empty” lower half of the code space and be more easily identifiable. However, since the PCDE measurement algorithm consists of projecting the EVM vector into the code space, if both measurements share the same stimulus requirements, the PCDE measurement can fall out as a by‑product of the EVM measurement. This approach will simplify test setups, save test time and strengthen the statistical significance of EVM and PCDE being complimentary measurements. This is similar to the way GSM peak and RMS phase errors are derived from the same measurement sample. It also has the benefit that Test model 1 contains a max of 64 DPCH for the largest capacity DUT whereas test model 3 stops at 32.

2.2.3
Enhance the global in channel test to handle power control transients

R4-010368 introduces an enhanced model for the EVM reference signal that allows for the possibility that for each code there is a possibility of two different power levels within the measurement period. This is a normal event, and currently, algorithms attempt to average the power of each code across the measurement period, and so treat the level change across the measurement period as a modulation error rather than as a normal event. The allowed timing offsets for codes mean that the power control step will usually occur in the middle of the measurement period. This enhancement also requires that there is agreement on where in the frame the measurement period should be taken, and the obvious choice would be to align the FDD measurement period with the start of the power control group containing the SCH (CPICH). The reason this enhancement is not essential for R99 is that currently there are no modulation tests that require inner loop power control to be enabled. However, this is clearly a real scenario for which a test solution would provide value in verifying proper behaviour of the FDD system during the transient periods – which unlike TDD, containing valid payload data. This enhanced definition would obviously be backward compatible with R99 scenarios.
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2.2.4
Resolution of the need for code-dependent timing and phase modelling

As a result of further study of the global in channel test, this issue is raised here for the first time. The issue is whether or not it would be correct to allow the EVM reference signal to be optimised for timing and phase variation individually for each code, or only as currently defined for the entire signal. Behind this relatively minor issue in terms of modelling and measurement lies two observations. First, as shown in the figure below, EVM accuracy is highly sensitive to chip timing errors between the reference and the signal. Errors as small as 2% of a chip (5.2 ns) lead to residual EVM errors of 4%. Secondly, it appears on first observation that the W-CDMA system – unlike IS-95 and its derivatives - does not have an explicit specification for the time alignment of the code channels. In IS-95, the codes had to be aligned to the pilot to within 50 ns, otherwise the demodulation performance of mobiles in this synchronised system would be adversely affected. The reason for the allowance of 50 ns code misalignment was primarily due to the use of analogue summing in the baseband introducing timing errors. Advances in baseband processing technology has almost removed this problem, however analogue summing remains an option for other reasons such as load sharing across power amplifiers or as a summing possibility for soft handover. The modulation quality measurement (rho) in IS-95 defines that the timing errors of the code alignment be verified, but that its impact NOT be used to optimise the rho measurement, as the mobiles have no way of dealing with timing errors and will see the error as EVM.

Considering now the W-CDMA system, it appears that there is no explicit requirement on chip-level code alignment, nor is there a requirement that all code summing be done digitally at baseband. It is therefore reasonable to assume that analogue summing is not ruled out in W-CDMA. Additionally, it is noted that, unlike IS-95 based systems, W-CDMA has the advantage of the embedded pilot, which allows for the possibility that the UE can align it chip timing to the wanted signal, and thus effectively cancel out the impact of timing errors at the code level.

So the two questions that this brief analysis poses are firstly, should (or does) the W-CDMA system have a requirement on code alignment, and secondly, how should this be taken into account in modulation quality measurements.

2.2.5

Clarification of the channels to be used for the EVM reference signal

In order for the modelling of the reference signal to be correct, it is essential that it is made up from the active channels that should be present in the test signal. If this is not the case then a serious code spur in the test signal could be interpreted by the measurement as a valid part of the signal, rather than as an error term. Alternatively, if the test signal is resolved into the wrong (too high) spreading factor, over-optimisation of the reference signal will occur which could mask real errors in the test signal. For this reason it is proposed to explicitly (rather than implicitly) make the link between the composition of the codes and spreading factors in the reference signal and the composition of what should be in the test signal. This could either be done by doing blind detection of the test signal and reporting the detected codes for comparison against the expected codes, or, by supplying the measurement equipment with the expected codes to ensure there is no possibility of incorrectly constructing the reference signal. Both options should probably be allowed in the specification in order not to restrict implementation of test equipment. The reason this is not an essential change for EVM R99 is that the current test model contains only two channels, and the possibility of getting this wrong is highly unlikely. However, for PCDE using the more complex test model 3, it is still possible that a code spur could be mistaken as a real signal, so care should be taken in interpreting results from the test in R99.

2.2.6

Extended mathematical description added to global in channel test

The improved mathematical description of the global in channel test provided by Rohde & Schwarz in R4-010368 is a very worthwhile improvement in the definition of EVM/PCDE. It could be added in R99, although given the restricted test requirements of test model 4 with no power control etc. it is probably not an essential change for R99.
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Conclusion

On the assumption that RAN WG4 agrees with the above, the appended CR to 25.141 should be approved. In order to remove any ambiguity with the core spec, the latest definition of EVM given in 25.104 v 3.5.0 is copied into 25.141 in place of the existing text, which pre-dates the most recent 25.104.

CRs to introduce the other enhancements for Rel-4 can be drafted as soon as the base specifications are available, and hopefully concluded at the next meeting of RAN WG4 #17 in May.
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