3GPP TSG RAN WG1 Meeting #86
        

              R1-167730
Gothenburg, Sweden 22rd – 26th August 2016
Agenda item:
8.1.3.1
Source: 
National Instruments 

Title: 
Study of PN Models for above 6 GHz with experimental data
Document for:
Discussion and Decision
1 Introduction
The 5G Study Item regarding the “Study on New Radio Access Technology” was approved at the 3GPP TSG RAN#71 meeting. It has the objective to be able to operate from sub 1 GHz to 100 GHz in a large variety of deployment scenarios in a single technical framework [1]. 

As part of the discussion on numerology and frame structure for new radio interface, all companies are requested to analyze/evaluate realistic phase noise [2]. The following agreements were made in RAN WG1 meeting #85 on the phase noise modelling for above 6 GHz frequencies [3]:
Agreements:
· Companies should use following PN model principles for evaluation of NR for above 6GHz
· Phase noise model for UE should be considered for the evaluation by default.

· Implementation cost, complexity and power consumption at the UE should be taken into account.

· The PN modelling in TRP is FFS.

· Realistic PN model should consider total oscillator PSD including the impact of reference clock, loop filter noise and VCO sub-components. (e.g. PLL-based model, multi-pole/zero model)

· Each company should provide the model and the parameters used for the evaluation.

· The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a baseline to scale PSD level
· A different parameter set of phase noise model can be defined for specific target frequency.

· Companies are encouraged to provide link level evaluation result with the phase noise model. Following phase noise models are provided as examples which are captured in R1-165685 (in page 5 – 8) 

· UE model in R1-164041

· Proposed WF in R1-165005 

· Model A in R1-163984

· mmMAGIC high and low model

· Other phase noise model is not precluded.

· Companies should provide which phase noise model is applied for the evaluation. 

In this contribution, we summarize the phase noise models proposed in previous meetings and compare the performance of the PN models and their modeling accuracy against the real world performance of two benchmark RF devices with UE- and instrumentation-grade device characteristic, respectively. The impact of phase noise and choice of PN model on subcarrier spacing design is also investigated using intercarrier interference (ICI) as a metric. 
2 PN Models
The phase noise models proposed in previous meetings are targeted to support different device categories such as
1)  low PN model for the BS and 
2)  high PN model for the UE.
Some of the different models under discussion can be categorized as
a. One pole/one zero model: [4],

b. Multiple pole/multiple zero model: [5] and
c. Model considering reference clock, loop filter and VCO components: [6], [7]
Depending on the model selected, and the specific values of the parameters of the model, the phase noise characteristics can vary to a large degree. For example, the sample parameter sets from [5] is reproduced below for the multiple pole/multiple zero model.  
	
	Parameter Set-A
	Parameter Set-B

	Carrier frequency (fc,base)
	30GHz
	60GHz

	PSD0 (dBc/Hz)
	-79.4
	-70

	Fp (MHz)
	[0.1, 0.2, 8]
	[0.005, 0.4, 0.6]

	Fz (MHz)
	[1.8, 2.2, 40]
	[0.02, 6, 10]


Observation 1:
Parameter sets for the proposed phase noise models differ significantly which in turn leads to significantly varying ICI impact for the NR numerologies being evaluated.

3 Experimental Data

In this section, we provide experimentally measured phase noise data for two different device categories, namely UE-grade and instrumentation-grade devices. Further, we derive parameter sets for a subset of the PN models described above in order to get best fit with the experimental data, and compare the parametrized PN models with the PN measurements. 
In Fig. 1, we compare the PN measurements for a UE-grade device that uses an RF CMOS IC with the multiple pole/multiple zero PN models described in [5]. The model is constructed with the parameter set shown in Tab. 1. It is seen that for the parameters chosen to fit the experimental PN data, the model tracks the real world PN behaviour to a high degree.
Tab. 1: UE-grade device: parameters for model of R1-163984
	PSD0 [dBc/Hz]
	fp,1 [kHz]
	fp,2 [kHz]
	fp,3 [kHz]
	fp,4 [kHz]
	fz,1 [kHz]
	fz,2 [kHz]
	fz,3 [kHz]
	fz,4 [kHz]

	-51.87
	1408.0
	6.9
	41.4
	8306.7
	6.1
	38.6
	7660.1
	1185.9
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Fig. 1: Comparison of measured and modelled PN for UE-grade device
In Fig. 2, we have compared the measured data for an instrumentation-grade device based on [9] with PN model described in [5]. The model is constructed with the parameter set shown in  Tab. 2.
Tab. 2: Instrumentation-grade device: parameters for model of R1-163984
	PSD0 [dBc/Hz]
	fp,1 [kHz]
	fp,2 [kHz]
	fp,3 [kHz]
	fp,4 [kHz]
	fp,5 [kHz]
	fz,1 [kHz]
	fz,2 [kHz]
	fz,3 [kHz]
	fz,4 [kHz]
	fz,5 [kHz]

	-50.25
	3700.3
	0.6
	726.8
	176.6
	0.005
	0.005
	159.5
	3560.7
	665.2
	0.5
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Fig. 2: Comparison of measured and modelled PN for an instrumentation-grade device

Observation 2:

PN models proposed in [5] can be very well parametrized for different device categories in order to match experimental PN data based on measurements. 
Proposal 1:

For each PN model, the choice of the model parameter set needs careful evaluation.
Proposal 2:

Parametrized PN models should be compared with a wide range of measured data.

4 PN impact on Intercarrier Interference

In this section, we investigate how phase noise impacts ICI for OFDM waveforms and using subcarrier spacing fscs and number of used subcarriers nsc as given in Tab. 3. ICI calculation is done as proposed in [8]. We compare the resulting ICI based on PN models parametrized according to Tab. 1 and Tab. 2 for UE-grade and instrumentation-grade device, respectively. Further, the agreement that the oscillator PN PSD level increases by 20 dB per decade of increase of the carrier frequency is used to adjust the PN models to 28 GHz and 37 GHz.
Tab. 3 Subcarrier spacing and number of used subcarriers

	fscs [kHz]
	15
	30
	60
	75
	120
	240
	480

	nsc
	1200
	1200
	1200
	1200
	1200
	1200
	1200


In Fig. 3 and Fig. 4, we show ICI estimations for UE-grade and instrumentation-grade device at 28 GHz and 37 GHz, respectively.
[image: image3.png]1a o8

72 UE-grade de

#2) Instrumentation

10000

T
100000

Subcarrier spacing [Hz]

10646





Fig. 3: ICI estimation for UE-grade and instrumentation-grade device at 28 GHz
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Fig. 4: ICI estimation for UE-grade and instrumentation-grade device at 37 GHz
Proposal 3:

The choice of model parameters for the selected PN model shall be disclosed in order to compare results from evaluations based on PN modelling.

Proposal 4:

For UE-grade devices the impact of ICI on OFDM numerology needs to be further studied at 28 GHz and 37 GHz.

5 Conclusions
In this contribution, we presented the relative performance of experimental phase noise data of real world devices to recently discussed PN models. The models were parametrized in order to fit the measurement data for two different device categories.  Further, the impact of ICI on performance of proposed numerologies has been assessed for both device categories. The following observations and proposals were presented: 
Observations:
Observation 1:

Parameter sets for the proposed phase noise models differ significantly which in turn leads to significantly varying ICI impact for the NR numerologies being evaluated.

Observation 2:

PN models proposed in [5] can be very well parametrized for different device categories in order to match experimental PN data based on measurements. 

Proposals:

Proposal 1:

For each PN model, the choice of the model parameter set needs careful evaluation.

Proposal 2:

Parametrized PN models should be compared with a wide range of measured data.

Proposal 3:

The choice of model parameters for the selected PN model shall be disclosed in order to compare results from evaluations based on PN modelling.

Proposal 4:

For UE-grade devices the impact of ICI on OFDM numerology needs to be further studied at 28 GHz and 37 GHz.
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