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1. Introduction: 

RAN4 defined minimum requirements for EVM with exclusion periods.

In some cases the exclusion period is a symbol. This is not an algorithmic problem.

In other cases the exclusion period is applied to a fraction of a symbol. This is an algorithmic problem and must be described in Annex E. 

RAN4 defined minimum requirements for EVM , but the EVM tests in 36.521-1 do not cover exclusion periods. 

2. Algorithmic discussion of exclusion period.

2.1 General:

The EVM exclusion period for  PUCCH is 1 symbol, if applicable. This needs no further explanation in Annex E.

The EVM exclusion period for  PUSCH is defined as follows:

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 36.521-1 subclause 6.3.4 two transient periods, next to subframe and timeslot boundary are defined:  20 and 40 μs. Together with the 5 μs, above, we have (5?), 25, and 45μs exclusion periods, applicable either as leading exclusion period or as lagging exclusion period in the time domain. 
2.2 Existing proposal

R4-093116 “Discussion of EVM exclusion period” (Qualcomm)

derive, how to map the exclusion periods in the RF time domain into the EVM-domain after the front-end iDFT. The model, formula and illustration below  is based on the proposal in R4-093116. R&S disagrees only on minor details. Those are:

1. there is only 1 exclusion period associated to a symbol, either leading or lagging, not a leading and lagging one. 
2. some of the examples in R4-093116 (in terms of numbers and scenarios) have no practical relevance.
2.3 The model:
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Fig. 1: Model for mapping exclusion period in the time domain
The exclusion period in the time domain has corresponding periods in the quasi time domains. The mapping of corresponding periods needs only scaling and cyclic shifting.
Same as in R4-093116 we assume  a sampling frequency 30.72 MHz and FFT width 2048 for all bandwidths. Only normal cyclic prefix is displayed in the model. However the model does not exclude the extended CP.
1. a sequence of complex valued modulation symbols are Transform-Precoded (DFT) according to 36.211 clause 5.3.3. The size of this transformation is the number of allocated subcarriers.

2. The outcome of (1) is supplemented by 0 for the non allocated subcarriers. In sum 2048 subcarriers. 

3. The baseband time signal (without CP) is then calculated by a iFFT according to 36.211 clause 5.6

4. (3) is then supplemented by a cyclic prefix (144 or 160 samples) leading to 2192  or 2208 samples. (144 CP samples = 144 tail samples from the data field)
5. (4) is transmitted over the channel and sampled by the EVM meter.

6. in case of an exclusion period those samples of (5) are marked, where the exclusion applies. The exclusion period is an unbroken leading or lagging exclusion period next to a subframe or timeslot boarder.

7. Depending on early or late EVM-window a subset of  2048 samples (out of 2192  or 2208 samples)  are the input for the subsequent FFT . These samples may or may not comprise marked samples. The result are 2048 frequency domain samples. 

8. The non allocated subcarriers are removed from the 2048 samples.

9. (8) is then iDFT transformed. The result are demodulated complex valued symbols in the same domain as (1)
10. step 7, 8 and 9 are modified by an equalizer algorithm.
For the purpose of this clause, the equalizer partly re-does step 4 (CP insertion):

The subset of CP samples, covered by the FFT is cut from the head and copied to the tail of the data field. 
11. The result of (10) is: complex valued symbols in the same sequence as in (1) They are compared with (1) symbol by symbol for EVM. Due to exclusion in the time domain (6) we have marked corresponding symbols, which are disregarded for EVM.
12. from step 1 to 4 the number of samples is expanded.  A subset of expanded samples is marked as excluded.  Form step 6 to step 9 the number of samples is compressed, leading to a non integer number of samples, marked as excluded. The number of marked samples in this domain is rounded up at the expense of the EVM samples
2.4 Illustration

The figures below illustrate the cyclic shift due to the equalizer and disregards the scaling.
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Fig. 2:  leading exclusion period 
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Fig. 3:  lagging exclusion period 

2.5 Formula

Formula for leading exclusion:
Number of samples to be disregarded for EVM at the start  = ┌Data excluded *R┐
Index of first sample to be disregarded for EVM at the End = └(2047- CP excluded) *R┘
Formula for lagging exclusion:

Index of first sample to be disregarded for EVM at the start = └ (2047- exclusion) *R┘
Index of last sample to be disregarded for EVM at the end = ┌(2047- out of window) *R┐
Legende

Exclusion, Data excluded, CP excluded  are defined in the illustration

Scaling factor R:

The Ratio of  Quasi-Time domain samples to RF time domain samples is

 R =  12* LCRBs  /   2048,   with LCRBs   number of allocated resource blocks  

The round up (┌ ┐) and round down (└ ┘) signs are necessary, since the ratio R is <1 and produces non integer samples.

The exclusion period is defined in μs. In these formulas it is converted into No of samples and rounded up, if non integer.

2.6 Examples
Example 1
Symbol 0: 160 CP samples staring from index 0, 2048 data samples 

Early EVM: first FFT sample: index 22

BW 10 MHz, full allocation: 600 subcarriers ( R=600/2048
Leading exclusion 20us ( 614.4 samples ( 615 samples

Out of window:     0 to 21      (22 samples)

CP excluded:       22 to 159    (138 samples)

Data excluded:   160 to 614    (455 samples)
(indices are indices in the entire symbol: 0 to 2207)
No of samples  disregarded at the start  = ┌Data excluded *R┐ = 134 samples (index 133)

Index of first sample disregarded at the end = └(2047- CP excluded) *R┘=  559
(Indices are indices in the EVM domain: 0 to 599)

Example 2
Symbol 6: 144 CP samples

Early EVM: first FFT sample: index 6    last  FFT sample: index 2053
BW 10 MHz, full allocation: 600 subcarriers ( R=600/2048

Lagging exclusion 20us ( 614.4 samples ( 615 samples

Out of window:     2054  to 2191      (138 samples)

CP excluded:       2048 to 2053    (6 samples)
Data excluded:   1577 to 2047    (471 samples)

(Indices are indices in the entire symbol: 0 to 2191)

Index of first sample  disregarded at the start = └ (2047- exclusion) *R┘ = 419
Index of last sample disregarded at the end = ┌(2047- out of window) *R┐= 560
(Indices are indices in the EVM domain: 0 to 599)

2.7 Proposal
R&S ask the  RAN5 delegates to review this proposal
3: EVM tests with exclusion period.
The EVM tests in 36.521-1 do not cover exclusion periods up to now. 

For PUSCH we have already the following test scenarios:

 24 test configurations (Chan BW, Modulation, RB allocation)

 2 power levels

 5 environmental conditions, 

 1 to 3 (low, mid high frequency range) 

( approx  240 to 720 scenarios

The effective exclusion period depends on:

· Early/late EVM window                                        (2)

· Leading /lagging exclusion                                    (2)

· Bandwidth                                                              (6)

· Symbol 0 or Symbol 1-6 (different CPs)                (2)

· Different exclusion periods                                    (2 or 3)

· Full/part RB allocation                                           (2) 

· Normal CP extended CP                                         (2)

( Approx 576 different cases

We think some significant exclusion periods for PUSCH must be tested.

We think that exclusion periods comprising a full symbol (PUCCH) are not worst case scenarios and need no testing.  
3.1 Proposal
In order not to drive the number of tests into infinity, R&S asks the delegates to indicate a few worst case scenarios with exclusion period.
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