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1. Introduction

The discussions around test models for NR, excessive permutations and possible approaches has been ongoing in RAN4. 

During last RAN4 meeting RAN4 #87, a way forward was agreed [1], where companies were encouraged to study several aspects of test model designs. Both the aspects of multiple numerology and boosting and deboosting of REs were deemed as needed for further study.  The intension of this contribution is to discuss this further.

As test models are the essential part of testing the transmitters, it is of high importance to have well defined test models, but to make sure that excessive permutations are avoided. In this paper, the discussion is primarily on the need to keep the number of permutations to a reasonable level, with the goal of investigating the need for multiple numerologies and power boosting/deboosting in the NR test models.
2. Discussion
As described in [7], due to support for a larger number of bandwidths and sub-carrier spacings in NR, the test model permutations would be excessive and hence the count on the test models need to be kept to a reasonable level. Proposals around reduction in testing, e.g. measuring the highest order modulation without power back off and prioritizing test models for 15 kHz and 30 kHz (as 60 kHz sub-carrier spacing is not mandatory for UE) in FR1, etc. are still being discussed. A simplified parameterized approach based on a limited number of physical channels, i.e., 1CCE PDCCH, DM-RS, PDSCH (and PT-RS for FR2) is further explained in [ 3, 4] covering all needed test models and waveforms for NR. Such an approach allows to generate the waveform corresponding to any possible combination of frequency band, bandwidth and sub-carrier spacing. Figure 1 shows the slot structure proposed in [3] for NR test model design.
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Figure 1: Proposed slot structure for NR test model design [3]
2.1 Need for Multiple Numerologies in test model
Considering the extensive and lengthy RAN4 discussions when NR spectrum utilization was settled regarding multiple numerologies in NR carriers and the conclusion and agreement that no RF requirements with multiple numerologies neither SSB/PDSCH or multiple numerologies for PDSCH, we see no need to discuss or include any test models with multiple numerologies for PDSCH. 
Additionally, there is no RF requirement between multiple numerologies and as such no need for specific TMs with multiple numerologies. It would be a difficult challenge on how the TM should be designed for different multiple numerology configurations.  The design of the multiple numerology is an implementation decision and the difficulty on settling a fixed TM that considers all possibilities to ensure full test coverage may prove challenging.  The discussions relating to test configurations propose to build a test configuration considering a typical channel BW and the smallest supported SCS [2].  As there is no test configuration that would require multiple numerology, there would not be a need to consider this aspect in the TM design.  We thus would propose the following:  
Proposal 1: 
The test models for NR should be limited to one numerology as there are no RF requirements for multiple numerologies rather an implementation choice. 
2.2 Power boosting/deboosting

If power boosting/deboosting is considered in NR test models for stressing the transmitter, then this needs to be specified on a case-by-case basis for all possible combinations and consequently explodes the test model permutations. Therefore, one additional aspect that would need to be clarified in the test models is the need for power boosting/deboosting, NR features power booting/de-boosting by means of both DM-RS power boosting and PDSCH resource element power control. Specifically, DMRS power boosting in NR aimed to support equal power or power boosting of the DM-RS resource element with respect to the PDSCH resource element in the symbol containing DM-RS for every UE, in addition to the flexibility of FDM and non-FDM between data and DMRS in the DMRS symbols. This is implicitly learned by UE by means of 1/βDMRS [dB], defined as the ratio of PDSCH EPRE (energy per resource element) to DM-RS EPRE, according to the number of DMR-RS CDM groups without data as signalled by DCI (cf. Table 4.1-1, [6]). This means,
1/βDMRS  [dB] = 10*log10(# total CDM groups - # CDM groups containing data)

Furthermore, some level of boosting/de-boosting on RE level is supported for PDSCH in BS specification (38.104) as following [5]:
Table 6.3.2.2-1: RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range [dB]

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


The figure below shows that the amplitude statistics for NR waveforms are Rayleigh distributed This is and has been an essential part of designing BS waveforms and test models for any generation in 3GPP. The collection of amplitude statistics is one of the most important aspects for stressing the capability of BS in terms of handling peak-to-average power ratio and for developing potential peak reduction schemes needed to maintain high power efficiency. Therefore, it is meaningful to investigate the impact of DM-RS power boosting and PDSCH RE power control on the amplitude statistics considering the slot structure in Figure 1.
Shown in Figure 2 are the CCDF of transmit signal PAPR for different bandwidth and sub-carrier spacings with the TM design illustrated in [3], where 1/βDMRS = 0 dB represents that DM-RS RE and PDSCH RE have equal powers and 1/βDMRS = -3 dB represents DM-RS RE power level is boosted by 3 dB with respect to PDSCH RE while PDSCH RE power control corresponds to the scenario of highest possible PDSCH boosting/de-boosting for QPSK modulation, i.e., a selection of RE power levels are boosted by +6 dB and deboosted by -3 dB with respect to the average RE power. The results show that DM-RS/PDSCH RE power boosting and de-boosting is not affecting the NR waveform amplitude statistics and thus not affecting the transmitter testing.
Next, the same procedure is repeated in Figure 3, but with the number of CCEs associated with PDCCH scaled according to bandwidth and sub-carrier spacings. The results again show that DM-RS/PDSCH RE power boosting and deboosting has no impact on the amplitude statistics of NR waveform regardless of PDCCH CCE aggregation level and carrier size or sub-carrier spacing. 

Given the fact that boosting/de-boosting for test models does not change the NR waveform and it´s amplitude statistics, the boosting and de-boosting do not give any added value, rather result in excessive permutations and specification work load in the test model design and thus we would propose to not include boosting/de-boosting in NR test models.

We thus would propose the following:
Proposal 2: 
As DM-RS/PDSCH RE power boosting/deboosting does not affect the NR waveform and its amplitude statistics, we propose not to use boosting/deboosting for NR test models.
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Figure 2: NR amplitude statistics for boosted DM-RS with PDSCH RE power control for different bandwidth and sub-carrier spacings and PDCCH allocated with 1 CCE
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Figure 3: NR amplitude statistics for boosted DM-RS with PDSCH RE power control for different PDCCH sizes, bandwidth and sub-carrier spacings

3. Conclusion

In this paper, the discussion on NR test model and excessive permutation was further elaborated. It was shown that the boosting and de-boosting of DM-RS or PDSCH give no difference in NR waveform and its amplitude statistics rather would result in excessive permutations. It was also discussed the aspects of multiple numerologies in relation to test model and thus we put forward the following proposal:
Proposal 1:

The test models for NR should be limited to one numerology as there are no RF requirements for multiple numerologies rather an implementation choice. 
Proposal 2:

As DM-RS/PDSCH RE power boosting/deboosting does not affect the NR waveform and its amplitude statistics, we propose not to use boosting/deboosting for NR test models.
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