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1. Introduction
Although UL NR signals are generally similar to LTE’s, because of the addition of CP-OFDM as a possible OFDM type, the range of possible modulations is extended. We consider it worthwhile to present the CCDFs of all the NR signals, since they can serve as an input for testpoint choice for UL testcases.
2. What is CCDF
CCDF, or Complementary Cumulative Distribution Function is a representation of the signal statistics, it shows how often peaks above each threshold occur in the signal. It is a more generalized representation of Crest Factor (CF), also known as Peak to Average Power Ratio (PAPR).

Signals with same BW and CCDF will behave the same in the presence of TX impairments, among others they will generate equivalent spectrum emissions. CCDF/CF is one of the most important inputs for PA operating point choice, in particular for back-off choice.
3. CCDFs of different UL NR Modulations and OFDM Types
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In Figure 1, we present the CCDF results for all possible UL NR OFDM types & modulations. The results are for SCS15 and NR20, Full Allocation, but SCS, BW and allocation do not have an impact on CCDF, as can be seen in Figure 2.
Figure 1: Comparison of CCDF for different OFDMs and Modulations
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Figure 2: Comparison of CCDF for different BWs and SCSs

First thing to note about the Figure 1 is that All CP-OFDM modulations have the same CCDF, In the case of CP-OFDM the CCDF is not modulation-dependent. This is unlike DFT-s-OFDM or LTE UL.
Observation #1: CCDF/CF of CP-OFDM is not dependent on Modulation, it is same for QPSK and 256QAM

Also, it can be noted that CCDF of DFT-s-OFDM 64QAM and 256QAM are also nearly identical.
 Observation #2: CCDF/CF of DFT-s-OFDM 64QAM and 256QAM are nearly identical
Additionally, it can be seen that overall CP-OFDM has the highest Crest Factor, it can be considered the worst case signal if looking at CCDF alone, not taking the increased MPR of CP-OFDM into consideration.

Observation #3: CP-OFDM has the worst Crest Factor from all modulations. It can be considered worst case.
4. Impact on Testpoint Choice
As noted in the previous Section, all CP-OFDM modulations have the same CCDF, i.e. they have the same signal characteristics. In order to lower the test time, it should be adequate, in many testcases, to test only one of the CP-OFDM modulations.

This could be for example relevant to different Emissions & ACLR test cases. Testing QPSK as the only CP-OFDM modulation should be sufficient in many cases. We are suggesting QPSK in particular because of the lowest MPR from among the CP-OFDM modulations, making it worst case for Maximum Power tests. 

Observation #4: In many testcases testing QPSK as the only CP-OFDM modulation will not significantly decrease the coverage, and save test time. 
Proposal #1: During testcase definition or refinement, depending on the testcase, consider limiting of testing to only QPSK CP-OFDM from among CP-OFDM modulations, to save test time. 
Also, as noted, DFT-s-OFDM 64QAM and 256QAM have nearly identical CCDF. Same comments apply to those 2 modulations. 
Observation #5: In many testcases, testing only 64QAM or 256QAM DFT-s-OFDM, not both, will not significantly decrease the coverage, and save test time. 

Proposal #2: During testcase definition or refinement, depending on the testcase, consider limiting of testing to only one of 64QAM or 256QAM DFT-s-OFDM, not both, to save test time. 
For testcases that are not performed at Maximum Power, the CP-OFDM has the worst Crest Facor / CCDF. For that reason, as well as due to higher Resource Block allocation flexibility, for testcases where only 1 modulation is tested, CP-OFDM QPSK should be used as worst case. 

Proposal #3: For testcases where only 1 modulation is tested and Maximum Power is not used, only CP-OFDM QPSK modulation should be used. 
Note that this analysis is valid for both FR1 and FR2 signals, since both are generated the same way. 

Observation #6: Observations 1-5 and Proposals 1-3 are valid for both FR1 and FR2.  
5. Conclusions

Observation #1: CCDF/CF of CP-OFDM is not dependent on Modulation, it is same for QPSK and 256QAM

Observation #2: CCDF/CF of DFT-s-OFDM 64QAM and 256QAM are nearly identical

Observation #3: CP-OFDM has the worst Crest Factor from all modulations. It can be considered worst case.

Observation #4: In many testcases testing QPSK as the only CP-OFDM modulation will not significantly decrease the coverage, and save test time. 

Observation #5: In many testcases, testing only 64QAM or 256QAM DFT-s-OFDM, not both, will not significantly decrease the coverage, and save test time. 

Observation #6: Observations 1-4 and Proposals 1-3 are valid for both FR1 and FR2.  
Proposal #1: During testcase definition or refinement, depending on the testcase, consider limiting of testing to only QPSK CP-OFDM from among CP-OFDM modulations, to save test time. 
Proposal #2: During testcase definition or refinement, depending on the testcase, consider limiting of testing to only one of 64QAM or 256QAM DFT-s-OFDM, not both, to save test time. 

Proposal #3: For testcases where only 1 modulation is tested and Maximum Power is not used, only CP-OFDM QPSK modulation should be used. 
1
3

