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1. Introduction
In this contribution, we discuss details on Total power dynamic range test that is defined in NR BS conformance specification TS 38.141-1 [1] and TS 38.141-2 [2].  
It was noticed that Total power dynamic range (TPDR) test may not be feasible even in ideal conditions. In this contribution we define the problem in detail and propose possible solution to solve it. 
2. Discussion
The BS total power dynamic range (TPDR) is defined as the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. Test procedure described in subclause 6.3.3.4.2 in TS 38.141-1.  Firstly, BS is set to transmit using “full PRB” test models: NR-FR1-TM3.1 or NR-FR1-TM3.1a (depends whether 256QAM modulation is supported with or without power back off), next step is to measure the average OFDM symbol power. Then BS is set to transmit using “1 PRB” test models: NR-FR1-TM2 or NR-FR1-TM2a (depends on support of 256QAM by BS), and again average OFDM symbol power is measured. 
2.1 Scrambling in E-UTRA and NR specifications

In general, TPDR test for NR is quite similar to respective test in E-UTRA specification. However, the main difference between E-UTRA and NR is scrambling defined in TS 36.211 [3] specification for E-UTRA and in TS 38.211 [4]. 
In E-UTRA the scrambling sequence is different for each slot in 10ms (from 36.211 [3]):
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  where 

RNTI

n

  corresponds to the RNTI associated with the PDSCH  transmission   a s   de scribed   in clause 7.1  3GPP   TS   36.213   [4] .   


 But in NR, the scrambling sequence is the same for a certain UE in different slot (from 38.211 [4]):
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In E-UTRA for each subframe, the scrambling sequence shall be reset to Cinit in each subframe, and also the Cinit is different for different subframes in E-UTRA, where ns is the slot number in one radio frame: 
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Thus, for different slot, the Cinit sequence is different in E-UTRA.
In NR the scrambling sequence is initialized similarly to E-UTRA and reset for each slot, but the Cinit is the same for different slot, as no slot number is considered in the formula for the scrambling sequence generator initialization:
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Observation 1: In NR TS 38.211 specification scrambling initialization sequence does not depend on slot number.
2.2 Test models with 1 PRB (TM2/TM2a)
Two test models in NR test specification: NR-FR1-TM2 (64QAM) or NR-FR1-TM2a (256QAM), are used for TPDR and EVM measurements. Detailed procedure how to measure the average OFDM symbol power is describe in Annex H of TS 38.141-1. For OSTP (OFDM Symbol TX power) 4th OFDM symbol is used (from TS 38.141-1) similar like for 1 PRB test models in E-UTRA: 
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The reason that 4th symbol in E-UTRA specification was chosen is that this symbol always contains exclusively PDSCH.

It is worth to mention that up to the last RAN4#92 meeting 4th symbol in NR test specifications was in brackets (due to copy of E-UTRA). During RAN4#92 brackets based on discussions in [5] were removed.  

As described in above section 2.1 for E-UTRA scrambling method is different for each slot, so each of 4th OFDM symbol used for measurement has different power. This fact with using averaging in 10ms period, causes no issue with TPDR variation. 
In NR, due to different scrambling method even if averaging of 10ms is used, significant variations of power of 4th OFDM symbol exist. It is worth noting that this variation exists for test model with only 1 PRB e.g. NR-FR1-TM2 and NR-FR1-TM2a. All other test models that used full PRB allocation don’t have issue with significant variation on OFDM symbol power.
Observation 2: For test models using 1 PRB only, due to different scrambling method, significant variation of 4th OFDM symbol power exist. 
In [5] it was concluded that 4th or 5th or 6th symbol can be considered for power measurements. However, in [5] scrambling issue was not taken into consideration. 
Table 1 presents calculations for average power after modulation (64QAM for TM2 or 256QAM for TM2a) using requirements according TS 38.141-1 specification details (e.g. slot type, encoder forced to zero, PCI = 1, RNTI = 0). 
Table 1. Average power after modulation for NR-FR1-TM2 and NR-FR1-TM2a test models for PDSCH symbols

	
	Number of symbol (from #0 to #13)
	Averaged power for all PDSCH symbols

	
	3
	4
	5
	6
	7
	8
	9
	10
	12
	13
	

	NR-FR1-TM2a modulated power
	0.929416
	1.031385
	1.156876
	0.894128
	0.780417
	0.976492
	0.854935
	0.713724
	1.286293
	1.41179
	1.003546

	NR-FR1-TM2a modulated power in dB
	-0.3179
	0.134208
	0.632868
	-0.486
	-1.07673
	-0.10331
	-0.68067
	-1.4647
	1.093399
	1.497701
	0.015

	NR-FR1-TM2 modulated power
	1.190511
	0.762029
	1.412798
	1.015931
	0.889042
	0.761984
	0.761989
	0.936544
	0.841349
	0.809657
	0.938183

	NR-FR1-TM2 modulated power in dB
	0.757334
	-1.18029
	1.500801
	0.068642
	-0.51078
	-1.18054
	-1.18051
	-0.28472
	-0.75024
	-0.91699
	-0.277


Because of higher modulation order used in TM2 (64QAM) variation in modulated power is not so significant, but for TM2a (with 256QAM) variation is high. 
Because of design of test models in NR BS conformance specification such way, that variation of 4th OFDM symbol power that is used for TPDR test, would cause unintentional tightening of the core requirement compared to real-life operation. Thus, some correction in test specification is needed to avoid inconsistency between core and test requirement.

Observation 3. Current design of test models in NR test specification would cause unintentional tightening of the core requirement compared to real-life operation.
2.3 Propose solution

To avoid inconsistency between NR core specification and test specification it is necessary to design test specification in a such way that allow to check if BS fulfil core requirements. 
 In E-UTRA specification 4th symbol has been selected for test as it contains exclusively PDSCH. However, in NR, due to different design in TS 38.211 specification for scrambling more symbols should be used to perform tests. Taking into account other aspects, it is proposed to use all OFDM symbols that carry PDSCH and not contain RS or SSB to calculate OFDM power symbol in slot instead of using only 4th symbol. This seems to be the most flexible solutions that covered all cases and resolve the issue of unintentional tightening of core requirements in test specification.
Proposal: It is proposed to use all OFDM symbols that carry PDSCH and not contain RS or SSB to calculate OFDM power symbol in both 38.141-1 and 38.141-2 test specifications.
It should be noted that changing number of symbols used for OFDM power symbol, that is used for TPDR test, will not affect EVM measurements, as this OSTP is used only for TPDR. 
3. Conclusion

It was noticed that Total power dynamic range (TPDR) test may not be feasible even in ideal conditions. In this contribution we define the problem in detail and propose possible solution to solve it. We have made following observations and proposal:
Observation 1: In NR TS 38.211 specification scrambling initialization sequence does not depend on slot number.
Observation 2: For test models using 1 PRB only, due to different scrambling method, significant variation of 4th OFDM symbol power exist. 

Proposal: It is proposed to use all OFDM symbols that carry PDSCH and not contain RS or SSB to calculate OFDM power symbol in both 38.141-1 and 38.141-2 test specifications.
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