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1. Introduction.
In R5-100770 Rohde & Schwarz raised problems around EVM with exclusion period:

1.   RAN4 has uniform minimum requirements, which apply for EVM measurements with continuous power and for EVM measurements with power transitions. RAN 5 has tests, covering the first scenario (continuous power) but non for the latter scenario.

2. In R5-100770 Rohde & Schwarz proposed algorithmic details for Annex E to measure  EVM with exclusion period.

3. In R5-100770 Rohde & Schwarz supported the opinion, that EMV with exclusion period should be tested and  asked the delegates to propose test scenarios.

Using the stimulus from some email discussions, R&S would like to propose the rationale for  a test scenario, used in the subsequent CR (R5-103477). 

2. Quotations from RAN 4 for EVM test with exclusion period:
2.1  Definition of PUSCH exclusion period in EVM:

The basic EVM measurement interval in the time domain …….. is one slot for the PUSCH in the time domain….    
…The PUSCH EVM measurement interval is also reduced when the mean power between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur.  The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. ….

Where 6.3.4 contains a variety of possible transients. 

With respect to PUSCH EVM with transients the following figures are applicable:

6.3.4.1-1 General on/off time mask

6.3.4.3-1 Transmission power template

6.3.4.4-1 to 4 SRS
2.2 Applicability of the minimum requirements for PUSCH EVM:
The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case…… for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 ….

2.3 Interpretation:
The minimum requirement is applicable to an average over 20 basic measurement intervals (time slots)

If applicable at all,  the exclusion period for PUSCH can occur only as a leading andor lagging exclusion period in a time slot, and covers less than 1 symbol. One symbol, however, can only be hit by one leading exor lagging exclusion period.
As a consequence, EVM is an average over many complete symbols and a few symbols, hit by an exclusion period.

3. Worst case testing:

Any transient:

· Power,

· RB allocation (intra subframe frequeny hopping is a change in RB allocation)
· Modulation,
need time in the UE to be executed. ( quotation from R4-090893).

The exclusion period shall exclude this execution time. In case the execution time exceed the exclusion period, disturbances become visible and should be captured by the test. Since  EVM is an average over many complete symbols and a few symbols, hit by an exclusion period, we should accumulate as many exclusion periods as possible into the measurement period.

4. Accumulate as many exclusion periods…..
Proposal 1
Fig 6.3.4.3-1 Transmission power template

seems to be optimal to accumulate as many transitions into the measurement period. The start symbol and the end symbol of each slot would be hit by a transition period. Hence the ratio of symbols, hit by a transition / complete symbols is 2/5, since there are 7 symbols in a slot (normal CP).
Unfortunately intra subframe transition is an optional feature and not usable in general.

Proposal 2.

Without the intra subframe transition the ratio is 2/12, since there are 14 symbols in each subframe.

Proposal 3.

The ratio could be increased marginally by replacing one complete symbol by one SRS (Fig 6.3.4.3-2 PUCCH/PUSCH/SRS time mask…) per subframe.  ( ratio = 2/11  

To avoid test complexity without sufficient advantage, we propose to use 2.
5. Test parameters
The main test parameter is the power change in the test.

The following side parameters should be discussed, if they are critical or not:  
1. Early/Late EVM window

2. Leading/Lagging exclusion period

3. Symbol 0 or Symbol 1-6 (different CPs)
4. Bandwidth

5. Different exclusion periods

6. Normal CP or Extended CP

7. Modulation QPSK  /16 QAM 
8. Full / Part RB allocation

1.  Early/Late EVM window

should be tested in different tests

2.  Leading/Lagging exclusion period

the above mentioned proposal contains both. Hence leading and lagging exclusion period are mixed in one result.

3.  Symbol 0 or Symbol 1-6 (different CPs)

the above mentioned proposal contains both. Hence symbol 0 and symbol 6 are mixed in one result.

4.  Bandwidth
We propose to test 10 MHz only

5. Different exclusion periods


We propose to test only the 20 µs case
6. Normal CP or Extended CP

we propose not to test extended CP

7. Modulation QPSK / 16 QAM 
due to different limits it is necessary to test both modulations in different tests
8. Full / Part RB allocation

we propose to apply RB change as a means for power change.
6. Relative power accuracy

The test: 6.3.5.2
Power Control Relative power tolerance

takes into account, that there are two types of power steps with different requirements: 

· Power change due to Power Amplifier switch

· Base band power change.
The execution time for both power steps is expected to be different. We don’t know which one is the longer, hence the more critical one. As the different power change modes are not declared, it would be desirable to identify the more critical one for the test. Unfortunately this is not possible in general. An ideal UE, exploiting no extra relative power tolerance for the PA switch, does not allow us to identify the power change mode. We are aware that the test, proposed in the CR, may or may not be a worst case test with respect to this problem. 

7. Final remarks
R4-090893 is the discussion paper, that introduces the CR in R4-090849.
Quotation from the discussion paper (general sense):
Any transient:

· Power,

· RB allocation (intra subframe frequeny hopping is a change in RB allocation)

· Modulation,

need time in the UE to be executed.

The CR in R4-090849, however, introduces exclusion periods  only for power changes and does not apply to the other transients.

Rohde & Schwarz would like to draw 3 remarks  from this:

1. In case bullet 2 (RB allocation) is a transient, effective to EVM, then PUCCH-EVM in Annex E.5 is incorrect, namely the following sentence and its consequences:

“Although discontinuous in the frequency domain due to band edge alternation, the signal in the time domain is continuous in power. So EVMPUCCH  is measured without power change. Transition periods are not applicable.”

R&S initiated this discussion already in RAN4
2. The test, R&S propose for PUSCH-EVM with exclusion period, would be suitable to be extended for the other transients.
3. The algorithm, R&S proposes for PUSCH-EVM in Annex E, is already suitable for the other transitions.
8. Ambiguity to interpret the exclusion period for EVM

The relevant RAN4 definition reads:

…The PUSCH EVM measurement interval is also reduced when the mean power between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur.  The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. ….

In Specific:

The definition uses: “boundary where the power change is expected to occur”
The figures in 6.3.4 use: “Start of power / end of power” with transient period in between.
Because of this, the applicability of the 5 us is ambiguous, illustrated by red and blue 5us periods in the figure.
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The CR, submitted, uses for OFF/ON: blue

                                and  for ON/OFF: red

This seems meaningful, but is inconsistent to both, the red and the blue interpretation.
LS to RAN4?
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