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1.	Introduction
During RAN4#93, interested companies presented views on the topic regarding PHY data content within the context of NR test models.  As a means to capture all views, a WF was agreed [1] with the following main issues to be discussed and concluded in RAN4#93:
1) Impact of “all zero” data versus “random” data for all  NR TMs
2) Impact due to PN sequence lengths. e.g. PN15, PN23
3) Impact due to cell-ID for following configuration for test with multiple cells:
 for the lowest configured carrier, for the 2nd lowest configured carrier,…,  for the nth configured carrier
4) Requirement impacts due to ‘all zero’ data in NR TMs such as TX signal quality (EVM), emissions etc.
5) Impacts on 5 MHz and 20 MHz cases are prioritized.

In this contribution, further analysis of the 5 topic points agreed in [1] are exhibited.
2.	Discussion
The purpose of the test model is to provide a standardized waveform upon which all RAN4 BS RF requirements will be verified on.  By ensuring all input signals are the same for all BS equipment, it can be an identical baseline for equal evaluations.  One aspect of the test model is to have amplitude statistics of the waveform to be as close to Rayleigh distribution as possible to emulate real operation.  In the scenarios where the test model resembles a higher PAPR than Rayleigh this would bias testing to be more stringent than normal deployment operation.  On the contrast if the test model resembles a lower PAPR than Rayleigh this would lead to insufficient stress test of the BS.
During the initial design of the NR test model, the extensive study of the impact due to “all zero” data had not been done.  During the investigation of the requirement of total power dynamic range was this then discovered.  As was discussed in [2] the effect was studied and shown of impact of “all zero” data versus “random” data for NR 20 MHz case, both 15 kHz and 30 kHz.  Not all NR TMs have the same impact due to the “all zero” data.  The two aspects further discussed:
1) Impact of “all zero” data versus “random” data for all  NR TMs
2) Impact due to cell-ID for following configuration for test with multiple cells:
 for the lowest configured carrier, for the 2nd lowest configured carrier,…,  for the nth configured carrier

In the Figure 1, the comparison of amplitude statistics for different cell IDs is depicted from Figure 1, it can be observed that the impact of the “all zero” data is different for different cell IDs.  Figure 1 (top) the impact due to different , 1 through 10, is shown with a corresponding measurement of the scenario .and 2 (bottom) which confirms the simulated behaviour.
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Figure 1: ‘All zero’ data TM 1.1 QPSK with 10 MHz/60 kHz (top: simulation, bottom: measurement – blue: cell ID =1 , green: cell ID = 2)
It is also important to note for TM 1.1 that  is the scenario of which has the largest impact, with also the most common setting for test configuration.  In other words, the most widely used condition has the highest severity.
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Figure 2: ‘All zero’ data TM 3.1 64 QAM with 100 MHz/30kHz (left) and 20 MHz/30kHz (right)
In Figure 2 shown above, the same TM was investigated, and it cannot be assumed that the effect is the same for all TMs.  For some fortunate instances it could be the case that the “all zero” data TM produces Rayleigh distribution.  However, RAN4 should endeavor to produce test models and waveforms which provides a similar performance for all numerologies and bandwidths.  

2.1 		NR Scrambling Impact on NR Test Model Design

During the investigation [3] of the total power dynamic range requirement the scrambling sequence of E-UTRA and NR was discovered some differences.  As such following the WF, the impact due to PN sequence lengths is further described in this contribution.  The further effect of NR scrambling helped to uncover the impact of different PN sequences.  Specifically, Cinit contains the slot number within one radio frame inherently allowing for different values of Cinit compared to NR which does not have any considerations of the slot number.
E-UTRA:


NR:


The effect of this upon NR TM generation is the auto-correlation between slots.  The impacts of scrambling due to slot number and therefore Cinit can be seen in Figure 3 & 4). While considering the pseduo random sequence needed for NR TM physical data, the impact of the current NR scrambling sequence properties would also need to be thought through.  For EVM as an example, BS RF requirement considers a 10 ms measurement.  In which case the PN would need to be long enough to not coincide with where each slot resets.  
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Figure 3	20MHz/30kHz CCDF and auto-correlation properties for “random” data generation
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Figure 4	20MHz/30kHz CCDF and auto-correlation properties for “all zero” data generation

Observation: NR scrambling sequence initiation of each slot resets identically leaving to high correlation between each slot.

Another way to visualize the sequence length needed is shown in Figure 5, which shows the number of unique bits over a 10 ms frame at different modulations of which is needed.  In current performance specification a 10 ms FDD (or 20 ms TDD) is used for testing.  One other option is also to select a very large PN sequence, PN31, in which it should encompass all possible scenarios in foreseeable future.
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Figure 5: PN sequence length over 10 ms

2.2 		Effect of PN Sequence for NR Test Model

At the beginning of this contribution, the PAPR plots of two different TM was shown in relation of “all zero” data versus “random data.  It was clearly shown that a TM solution with “random” data is needed.  In Section 2.1 the theory and rationale of why a longer PN sequence would be ideal for the NR TM.  To that end, in this section the overall impact of the amplitude statistics due to different PN sequence lengths is presented.
The following CCDF plots of NR TM 1.1 comes from the generation of TM 1.1, one which contains the ‘all zero’ data but also the random data utilizing the PN15 and PN23 for QPSK are shown.
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Figure 6: 20 MHz/60kHz TM1.1 (top: ‘all zero’, bottom left: random data PN15, bottom right: random data PN23)
Although the effect of the “all zero” data impact may be seen more on some NR TMs compared to others the PHY data covers all NR TMs in clause 4.9.2.3 therefore it would keep more consistency to apply the PDSCH data change towards all NR TMs.  The analysis in this contribution covered both PDCCH and PDSCH channels; therefore it would seem apparent that all PHY data in NR TMs require correction of “all zero” data to random data.

3.	Conclusion
In this contribution further analysis was shown for “all zero” data in current NR TM design proving to show a PAPR that is not Rayleigh distributed.  To solve this issue, random data has been proposed as a means to bring the NR TM for a more realistic waveform but also to provide amplitude statistics of the NR TM to be Rayleigh distributed.  
Additionally, in this contribution different PN sequences were studied and a PN31 sequence is most ideal however at a minimum PN24 would suffice.  The following corresponding CRs were also submitted [4,5] to implement the necessary specification changes.
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