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1	Introduction
During RAN4#98bis-e meeting was the first meeting for DL 1024 QAM Work Item.  It was agreed and captured in WF on 1024 QAM BS RF [1]to further study necessary parameter considerations in relation to BS RF EVM requirement.  In this contribution the focus will be upon parameters which were deemed as needing further discussions during RAN4#98bis-e specifically:
· Phase noise
· Option 1: Phase noise is of importance due to e.g. Bands up to 4.9GHz where it may be greater and should be considered in the EVM link budget
· Option 2: Phase noise is not of significance when deriving EVM for 1024QAM in FR1 as it is small compared to the other factors (mentioned on page 2)

· Link level simulation assumptions
· Use parameters in R4-2104726 as a basis for link level parameters, but use a wider bandwidth

2	Discussion
The WF [1] highlights agreements on power control dynamic range, power back-off during conformance phase and RF parameters for further consideration when studying EVM requirement.  In Section 2.1 a summary table is provided on the link level simulation assumptions used for the initial results shown.  Parameters were adopted from WF [1] such as wider channel bandwidths and 30 kHz subcarrier spacing compared to baseline assumptions.  The remaining aspects such as CFR, Tx linearity, I/Q compression to name a few are part of the overall transmit chain and considered in the analysis as part of txEVM added.  The combination of each impairment is too simplified by simply linearly combining for consideration as noise does not always coherently sum.  How each composition of the impairments is up to implementation choices and should not require a specific break down.  
Observation: txEVM considers all components along the transmitter chain for EVM evaluation.
It’s also key to recognize not only what is feasible or achievable from a transmit signal point of view but also what is the required minimum to sustain an adequate link from gNB to UE through fading channel conditions.   
Proposal 1: Study the total BS EVM as a whole, not the individual components


2.1	Initial Link Simulation Assumptions and Results 
The following table has been adopted from [2] to incorporate parameters identified as needing more consideration for BS EVM requirement.
Table 2.1-1 link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	2 GHz for FDD, 4GHz for TDD

	CBW
	20 MHz for FDD, 100MHz for TDD

	SCS
	15kHz for FDD, 30kHz for TDD

	Allocated RBs
	Full allocation

	Propagation
	TDL-A 10ns delay spread, Maximum Doppler frequency: 5Hz
TDL-D 10ns delay spread, Maximum Doppler frequency: 5Hz

	MCS
	256QAM: MCS 24 in TS 38.214 Table 5.1.3.1-2: MCS index table 2 for PDSCH, and other MCSs are not precluded
1024QAM: MCS 24 in the following Table accroding to the agreement in RAN1 #104, and  other MCSs are not precluded

	MCS Index
	Modulation Order
	Target code Rate R x [1024]
	Spectral

	IMCS 
	 Qm
	
	efficiency

	23
	10
	805.5
	7.8662

	24
	10
	853
	8.3301

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578




	Precoding
	Precoding configuration defined in 38.101-4 Section 7.2 for fading channels; follow PMI

	Symbol type 
	CP-OFDM 

	HARQ 
	8, None 

	RANK
	1 and 2

	BS antenna configuration
	1 and 2

	UE antenna configuration
	4

	Antenna correlation (Tx and Rx)
	Low correlation

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots)

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	txEVM
	2%, 2.5%, 3%

	rxEVM
	2%, 3%, 4%



Based upon the above parameters, the following initial results below for rank 1. Note this simulation does not assume UE Rx EVM, that is RxEVM 0%. We also ran the simulation with rank 2, but the peak rate is not reached even with MCS23 and TxEVM 2%. 
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Figure 1	FDD SCS=15kHz, CBW=20MHz, TDLA10 5Hz, Rank 1. 
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Figure 2	TDD SCS=30kHz, CBW=100MHz, TDLA10 5Hz, Rank 1.
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Figure 3	FDD SCS=15kHz, CBW=20MHz, TDLD10 5Hz, Rank 1.
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Figure 4	TDD SCS=30kHz, CBW=100MHz, TDLD10 5Hz, Rank 1. 

2.2	Phase Noise
Following the current agreement which phase noise is to be discussed further whether there is impact towards FR1 when discussing higher order modulations such as 1024 QAM.  Proponent companies have concerns since bands up to 4.9 GHz may experience increased impact of phase noise, however FR1 reaches even up to 7 GHz.  Still with this aspect in mind there is still no technical foundation on why phase noise should be considered as the impact will not change by any significant amount, even when considering the larger carrier bandwidths available in NR towards the higher end of FR1.  
Observation: Power efficiency of FR1 LO generation is high in the FR1 frequency range and consequently phase noise levels are low 
The component landscape for local oscillators (LO) is quite different between FR1 and FR2.  The power efficiency of LO generation at FR1 frequencies is extremely good.  One may divide the phase noise in two parts, the elevated phase noise levels seen at low frequency offsets and the flat phase noise at higher offsets.  The impact from the low offset elevated phase noise will be roughly the same for all carrier bandwidths; meaning that the reasoning that NR has larger bandwidths than LTE, which may impact 1024 QAM requirements, does not hold from low offset elevated phase noise point of view.  For the flat phase noise portion, the carrier bandwidth would need to be in the GHz range to make it anywhere close to the contribution from the low offset elevated phase noise.  
As an Example:
The noise contribution from the flat phase noise portion may be calculated by integrating it up to an offset equal to the bandwidth of the carrier. Even if the flat phase noise has a moderately high power spectral density of -155dBc /Hz and the carrier bandwidth is 1GHz the noise contribution only becomes -155 + 10*log10(1e9) = -65dBc. Understanding that RAN4 considers the minimum requirement and inclusive for all component possibilities the majority of LO solutions on the market today would still perform better than the example given, with regards to the flat phase noise portion. 
Further consideration may be justified beyond just the component alone but also the architecture to ensure not excluding any possible design choices.  It is typical in FR1 to consider a single (centralized) LO generation rather than distributed LO generation compared to FR2 since the number of transceivers is substantially smaller than in FR2.  Even if the design choice is to consider a distributed LO architecture the impact from phase noise would in fact reduce further.  With these many lines of reasoning it therefore would not warrant any significant implication on the signal quality.  
Observation: Even considering different archetiture design choices (distributed vs single LO generation) the impact will not worsen
Proposal 2: No need to further consider phase noise as a significant source of impairment when deriving EVM for 1024 QAM in FR1

3	Conclusion
In this contribution the following key observations and proposals were made based upon analysis.
Observation: txEVM considers all components along the transmitter chain for EVM evaluation.
Proposal 1: Evaluate only total EVM in RAN4 simulation parameters, not individual EVM contributions of individual components
Observation: Power efficiency of FR1 LO generation is high in the FR1 frequency range and consequently phase noise levels are low 
Observation: Even considering different archetiture design choices (distributed vs single LO generation) the impact will not worsen
Proposal 2: No need to further consider phase noise as a significant source of impairment when deriving EVM for 1024 QAM in FR1
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