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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, a study item was agreed [4] to study operation between 52.6 GHz and 71 GHz. RAN1 sent a LS to RAN4 regarding impairment modeling [1]. This contribution examines phase noise impairments and its relationship to numerology.
Discussion
Background
The LS [1] identified two items
· Phase noise (PN) modelling is necessary in the RAN1 evaluation of applicable numerology including subcarrier spacing and channel BW. Two PN models developed during the Rel-15 NR study item are provided in TR 38.803 (Ex-1 and Ex-2). 
· Modelling of the power amplifier (PA), either directly or approximately via EVM injection, and other RF impairments, such as I/Q imbalance and frequency offset, will be optionally considered in the RAN1 evaluation.
and asked
RAN WG1 respectfully requests timely feedback from RAN WG4 on the applicability of the above modelling to NR in the 52.6 to 71 GHz frequency range. In the meantime, RAN WG1 will continue the study on the objectives with the existing models.
Phase Noise
In clause 6.1.10.1 (Example 1 [Ex1]) [3], the power spectral density 

has the following parameters for 70 GHz with  (39.49 dB).
Table 1. Parameters for 70 GHz (Table 6.1.10.1-3 [3])
	index
	
	
	
	

	1
	3E3
	2.37
	1
	3.3

	2
	396E3
	2.7
	1.55E6
	3.3

	3
	754E6
	2.53
	30E6
	1



A second phase noise model (Example 2 [Ex2]) is listed in clause 6.1.11 [3].
In several contributions, there were proposals to use a different phase noise model [6][7]. In [7], the curve fit for the above model with  where DM represents a design margin and  represents the PLL output frequency has the following parameters.
[bookmark: _Hlk47592092]Table 2. Parameters for model (Table 1 [7])
	index
	
	
	
	

	1
	1000
	2
	1
	3

	2
	500E3
	1
	1.26E3
	2

	3
	
	2
	N/A
	N/A



The proposed model has differences compared to the Ex1 model:
· Parameterizes the PLL output frequency and design margin compared to frequency-based tables for the Example 1 model
· Integer powers
In [7], a comparison was presented (red curve vs green/yellow curves).
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Fig. 1. Result from [7]
Comparing the curves between Ex1 (red curve) and DM=10 dB (green curve) models, the PSD is about 10-15 dB higher with the DM=10 model between 10 kHz and 1 MHz but then aligned at higher frequencies. In contrast for DM=0 dB (yellow curve) and Ex1 models, the PSD is about 5 dB higher with the DM=0 model between 10 kHz and 1 MHz but 10 dB lower after 1 MHz.
One question is whether to replace the Ex1 / Ex2 models with one proposed in [7]. Because these models represent some averages of existing hardware performance, no model is precise for the implementations. The Ex1 / Ex2 models have been used for several years, with many companies having tools developed to analyze phase noise and to account for modeling errors. In addition, alignment among company simulation results is a time-intensive process; changing the model may delay progress.
This is similar to the channel modeling discussions. Each channel model, such as pathloss, represents an average of many observations. Even though the models may not be correct for certain deployments, they allow consistent analysis.
Proposal 1: Inform RAN1 to continue using the phase noise models as captured in TR38.803.

Phase Noise Analysis
Using the Ex2 model and the numerology as described in [5] and [8]. The simulation conditions are listed below as well as in [9].
· 120, 240, 480, 960 kHz SCS
· Channel model TDL-A 10 ns delay spread and 5 ns DS
· Number of RBs: 256 for 120 kHz SCS, 128 for 240 kHz SCS, 64 for 480 kHz SCS, 32 for 960 kHz SCS
· Channel bandwidth: 400 MHz
Note, in [2], the maximum number of RBs for 120 kHz SCS and 400 MHz bandwidth is 264. The results for 10 ns DS are shown in Fig. 2 and Fig. 3 for 16QAM and 64QAM, respectively. For 5 ns DS, the results for 64QAM are shown in Fig. 4.
	[image: ]
	[image: ]

	[bookmark: _Ref47693215]Fig. 2. 16QAM 10 ns DS
	[bookmark: _Ref47693218]Fig. 3. 64QAM 10 ns DS



[image: ]
[bookmark: _Ref47693220]Fig. 4. 64QAM 5 ns DS
As expected, increasing the SCS should improve the block error performance at higher frequencies. Also, the benefits of increased SCS are more pronounced with higher order modulation. Note, the preliminary results for 960 kHz SCS shows some degradation for 10 ns DS compared to 5 ns DS. The short CP (70 ns [5]) may not be able to mitigate the effects of channel impairments (10 ns DS). 120 kHz and 240 kHz SCS show a 5% BLER floor for 64QAM.
Proposal 2: 480 kHz SCS should be evaluated in RAN4 for 60 GHz operation.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
The contribution examines the phase noise model consideration as suggested by the LS. The current models should be used for further evaluations.
Proposal 1: Inform RAN1 to continue using the phase noise models as captured in TR38.803.
Using the current model, link level simulations show that block error rate performance with 480 kHz SCS is adequate for various delay spread scenarios and modulation order.
Proposal 2: 480 kHz SCS should be evaluated in RAN4 for 60 GHz operation.
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