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[bookmark: _Ref298777854]Introduction
[bookmark: _GoBack]In RAN meeting #71, a study item proposal was agreed on the new 5G RAT [1]. Due to the diversity of deployments that are intended for NR, the usage of a scaled numerology family with the same percentage of CP overhead appears to be an efficient and low-complexity solution that needs to be evaluated. 
This contribution proposes a geometry-based scaled channel model methodology for link-level evaluations in which the root mean square (RMS) delay spread of the channel depends on the geometry of the UE. This model allows for a more careful analysis of the tradeoff between CP length and peak SINR for a given deployment.
Discussion 
It is customary for link-level evaluations to fix the RMS delay spread of the channel across all geometries, even though it has been observed in channel measurements (e.g., see [1] and references therein), that the delay spread increases in general with the distance of the receiver from the transmitter.  In other words, if a UE is close to the base station it is more likely to experience a relatively lower delay spread, compared to that of a UE that is in the cell-edge.  For example, in [1], based on a wide array of published reports, and empirical data for sub-6 GHz carrier frequencies, it is shown that the root mean square (RMS) delay spread can be well approximated by
, 	 (1)
where Table 1 describes each of the parameters in the above equation.
Observation 1: Typically, when a UE is close to the base station it is more likely to experience a relatively lower delay spread, compared to that of a UE that is in the cell-edge.
	Notation
	Definition
	Figure

	T1
	Median value of RMS delay spread at the distance of 1 km ()
	Urban: 0.4 - 1.0 usec, Suburban: 0.3 usec, Rural: 0.1 usec,  Mountain:  0.5 usec

	d
	Distance between the transmitter and the receiver (km)
	Arbitrary

	
	Parameter depending on environment
	Urban, Suburban, Rural: 0.5, Mountain: 1.0

	y
	Random variable distributed according to a log-normal distribution with the standard deviation of 
	 = 2 - 6 dB


Table 1 – Definition of parameters in the delay spread model suggested in [1]
This model can be used to generate link-level results where the Power Delay Profile (PDP) of the channel at each geometry is normalized according to the distance of the receiver from the transmitter. 

Proposal 1: Perform link-level evaluations of different numerology proposals under a geometry-based scaled multi-path channel model. 
A detailed example of such a methodology is shown below. Note that other similar methodologies could be employed under this framework.
Geometry-based scaled PDP channel model
The detailed steps of one such link-level evaluation methodology are shown below:
· Pick a Power Delay Profile of a tapped-delay channel model (e.g., EPA, EVA, ETU, TDL-C)
· For any fixed SNR value
· Based on the transmitter power, bandwidth allocation, antenna gain, penetration loss, shadowing, noise figure at the receiver (and any other related deployment-wise parameters), find the distance in km of the receiver from the transmitter using a path loss model that fits best the evaluated scenario.
· Pick a value of .
· For example, interpolate  between 2 dB and 6 dB, with 2 dB corresponding to 0.05 km and 6 dB to 1.5 km. These values are used as examples of the smallest to the longest distance of a receiver from the transmitter.
· Calculate the 90% value of RMS delay spread () for that distance (km) according to (1).
· Scale all path locations of the chosen channel propagation model to that RMS delay spread, while keeping the relative power of the paths fixed, such that the resulting RMS delay spread corresponds to the 90% value for that distance.
In the Appendix we have included a detailed numerical example that follows the suggested methodology for link-level evaluations.
[bookmark: _Ref442441852][bookmark: _Ref441562466]Conclusion 
Observation 1: Typically, when a UE is close to the base station it is more likely to experience a relatively lower delay spread, compared to that of a UE that is in the cell-edge.
Proposal 1: Perform link-level evaluations of different numerology proposals under a geometry-based scaled multi-path channel model. 
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Appendix
Numerical Example using suggested methodology on Urban <1km
In this link-level numerical study, the throughput performance of a scaled numerology family, with fundamental frequency f0 = 15 KHz is compared under a geometry-based scaled PDP channel model using a carrier frequency of 4 GHz. In this study, all physical resources are used for the downlink PDSCH channel. Genie channel and noise information are used at the receiver. This configuration captures the effect of inter-carrier interference (ICI) and inter-symbol interference (ISI) due to excessive delay spread beyond the CP length.
	
	f0
	f02
	f04

	Tones spacing (kHz)
	15
	30
	60

	FFT Size
	2048

	Sample Rate (kHz)
	30720
	61440
	122880

	CP ()
	4.6875
	2.3438
	1.1719

	# active tones/symbol
	1344
	672
	336

	Active BW (kHz)
	20160

	Symbol Length ()
	71.3542
	35.6771
	17.8385

	CP Length (samples)
	144

	Symbol Length (samples)
	2192

	CP Ratio (CP/FFT)
	0.0703125

	coding
	3GPP Turbo (one codeword)

	Link Adaptation
	10% TBLER target (33 entries in the MCS table)

	# Symbols in one subframe
	14
	28
	56

	coding rates
	From 0.0782 to 0.8889

	QAM order
	From QPSK to 256-QAM

	Number of interlaces
	1

	Demapper
	Linear MMSE-based

	HARQ Transmissions
	4 (RV: 0,1,2,3)

	Transmission Mode
	MIMO 2 Tx – 2 Rx, open loop, 2 Layers

	BS Transmit power (dBm)
	46

	BS Antenna gain (dB)
	15

	BS and UE Noise Figure (dB)
	7

	Penetration Loss (dB)
	20

	UE Antenna gain (dB)
	0

	Shadowing (dB)
	6


Using the above parameters and, as an illustration, the path loss model 1, page 61 of [2] with Friis adjustment for a 4 GHz carrier frequency:  
,
the relation of the distance of the receiver from the transmitter can be derived as shown in Figure 1.
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Figure 1: Distance as a function of geometry in this study.
Thus, the RMS delay spread as a function of the SNR (which corresponds to a particular distance based on Figure 1) for different values of the parameter T1 for the urban environment according to [1] is shown in Figure 2.
[image: C:\Users\amanolak\Desktop\PentNew\OLLA\pentariLink\wilt_infra\run\test\RAN1Scaled\DS_CINR.jpg]
Figure 2: RMS delay spread as a function of the geometry in this study.
Figures 3 and 4 present the throughput results for different values of T1 for the scaled numerology with SCS of 30 KHz and 60 KHz respectively. Note that the throughput curve of the numerology with a SCS of 15 KHz is not shown here since for all geometries and values of T1 no performance degradation is observed (CP length is large enough to handle all cases). The results show that a scaled numerology with a 30 KHz SCS is significantly more robust than the scaled numerology with a 60 KHz SCS, due to the significantly shorter CP length that the latter has. For example, an evident performance degradation due to the excessive delay of the channel beyond the CP is shown with a T1  equal to 0.5 or more.
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Figure 4: Link-curve for different values of T1 for the scaled numerology with 30 KHz subcarrier spacing (CP length of 2.3438 ).
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Figure 4: Link-curve for different values of T1 for the scaled numerology with 60 KHz subcarrier spacing (CP length of 1.1719 ).
Note that although we evaluate open-loop precoding schemes here, this analysis can also be extended to assess the performance with large antenna arrays and observe any delay spread reduction from beamforming. Preliminary results with this model provide insights, where in some cases it was observed that shorter CP length may not be supportable despite the benefits of precoding.
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