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1.	Introduction
In RAN4#92bis, NR Test Model design was further refined initiated by discussion details on total power dynamic range test where the problem due to the scrambling code from E-UTRA differed from NR which caused a power variation on OFDM symbol power [1]. The agreed solution solves the issue for single PRB corresponding to minimum power level for testing total power dynamic range requirement.
In this contribution, we present further analysis of the impact on other test models used for unwanted emission and signal quality etc. where all PRB’s are involved and how the waveform properties are affected due to design of test models in conjunction with “all zero” data and scrambling. To mitigate and correct the issue in relation to scrambling, “random” data generation and its impact on essential waveform properties were investigated.
In addition, a solution based on “random data” generation instead “all zero” is proposed which solves the issues related to NR test models as scrambling.

2.	Discussion
As briefly outlined in the introduction, the solution approved, in RAN4#92bis only solves the problem for single PRB case corresponding to minimum level for the total power dynamic range requirements.  However, the symptom presented in [1] is coming from the underlying issue due to the scrambling in TS 38.211 compared to TS 36.211.  Combining the issue from scrambling and ‘all zero‘ data the generation of TM signals becomes highly correlated in nature which has a negative impact on the NR test waveform and test models.  
Exert from TS 38.141 under Data content of Physical channels and Signals Section:
For each slot generate the required amount of bits for all PRBs according to 'all 0' data
To better understand the impact, measured properties such as PAPR presented as CCDF curves depicting the amplitude statistics of the test model and signal behaviour for various NR cases as well as LTE was further investigated in this paper. The test models were generated by a signal generator complying to current NR and LTE BS conformance specifications.

Through the remainder of the contribution the used NR and LTE test model used to illustrate the issue is TM1.1 and cell-ID=1 as specified for first carrier either as single carrier or in a multi-carrier test configuration.
For a 20 MHz NR carrier with SCS of 30 kHz the in-carrier signal behaviour and CCDF curve, both for current “all zero” and “random” data generation was measured and the measurement results are presented in Figure 1 and Figure 2.
[image: cid:image005.jpg@01D58B4F.65525730]
Figure 1	Measured test model: NR 20MHz/30kHz for specified “all zero” (blue) and with “randomized” data (yellow)
From figure 1, it can be seen that the current specified “all zero” data generation results in significantly higher amplitude variation compared to “random” data generation
[image: cid:image006.jpg@01D58B4F.65525730]
Figure 2	CCDF measurement curve: red = Rayleigh, “all zero” (blue) and with “randomized” data (yellow)
Figure 2 shows that the “all zero” data has significantly higher PAPR compared to “random” data generation where “random” data CCDF is more or less overlapping the Rayleigh. It is noteworthy that one of the most important test model design criteria is to create amplitude statistics similar to Rayleigh distribution which is not the case when using “all zero”. This is a serious issue for NR test models and need to be addressed and corrected.
Similar measurements and analysis for 20 MHz NR carrier with 15 kHz SCS as well as LTE 20 MHz carrier were performed where the results are presented in Figure 3-5.

[image: cid:image008.jpg@01D58B4F.65525730]
Figure 3	NR 20MHz/15kHz: “all zero” (blue) and with” randomized” data (yellow).

It can be noted that the amplitude variations seem smaller compared to 30kHz SCS possibly due to the relationship between measurement bandwidth and subcarrier spacing.
For comparison, LTE 20MHz was also analyzed where the power spectral density is somewhat higher due to the smaller spectrum utilization for LTE compared to NR 20 MHz at 15 kHz SCS.
[image: cid:image010.jpg@01D58B4F.65525730]
Figure 4, 20 MHz LTE 
In Figure 5, the CCDF curve for NR 20 MHz/SCS 15 kHz (“all zero” and “Random” data generation and LTE 20 MHz carrier is presented.
[image: cid:image012.jpg@01D58B4F.65525730]
Figure 5	CCDF measurement for 20 MHz NR and LTE carrier: (red = Rayleigh, blue=NR “all zero” data, yellow= “randomized “data and green = LTE.
From figure 5, it can be seen that LTE and NR with “random” data generation CCDF curves are quite similar to Rayleigh while for NR and “all zero” data generation, the PAPR is higher at 10-4 and has a strange behaviour at lower probabilities
After considerations of the test model measurements in previous figures, the following figures were results of further analysis by means of simulations investigating the auto-correlation properties of the waveforms as well as simulated CCDF was performed and is presented in Figure 6 and Figure 7. 
[image: ]
Figure 6	20MHz/30kHz CCDF and auto-correlation properties for “all zero” data generation

[image: ]
Figure 7	20MHz/30kHz: CCDF and auto-correlation properties for “random” data generation
Figure 6 and 7 show the undesired auto-correlation properties of the NR test model considering the “all zero” and the fact that cell-ID scrambling still leave highly correlated nature in the waveform. Such property manifests in higher PAPR as shown in CCDF curves and possibly other implications e.g. the unwanted emission impact. As shown in Figure 7, random data generation would resolve the undesired properties.
For reference, the same analysis and simulation was performed on LTE 20 MHz test model where the auto correlation properties and CCDF curves are depicted in Figure 8.
[image: ]  
Figure 8	20MHz LTE: CCDF and auto-correlation properties for LTE test model
The simulated results shown in Figure 6-8 confirms the observation in the measurement results presented in Figure 1-5 where NR “all zero” and “random” data generation as well as LTE waveform properties was investigated.
For NR, this issue needs to be resolved and one possible solution which mitigate the problem is to use “random” data generation instead of “all zero” data generation in the test models. 
Proposal:  Update NR Test Model data content of physical channels with “random” data in place of "all zero" data.  Approve accompany CRs [2,3] to update physical channels with “random” data in place of “all zero” data.

We encourage other companies perform similar analysis to confirm our findings as well as propose proper method for random data generations for NR test models.

3.	Conclusion
In this paper, an in-depth analysis over NR test models and waveform properties considering specified “all zero” data generation where undesired signal properties such as poor auto-correlation and high PAPR was presented. The analysis also covered “random” date generation where it could be shown that random data generation could mitigate and resolve the undesired test model/wave form properties.
The analysis was performed partly using signal generators to generate the specified test models for both NR 20 MHz 30 kHz and 15 kHz SCS and partly simulation of auto-correlation properties and CCDF curves and PAPR. The measured and simulated results considering the PAPR properties show same behaviour and confirm the conclusion.
In addition, similar analysis was performed on LTE 20 MHz test model re-confirming that the proposed random data generation would mitigate the NR issues where the auto-correlation and PAPR for new NR test model would behave properly as the LTE test models.
As test model generation and their properties are essential for any generation, the issues with NR test models shall be resolved and we thus propose the following:
Proposal:  Update NR Test Model data content of physical channels with “random” data in place of "all zero" data.  Approve accompany CRs [2,3] to update physical channels with “random” data in place of “all zero” data.
[bookmark: _GoBack]
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