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1 Introduction
During RAN4#86bis, the way forward on Channel model for Demodulation for FR2 in [1] was agreed. 

Two options are under consideration for demodulation channel modelling: 

· Option 1. Use TDL channel models as described in 38.901 

· Each tap is modelled based on the Jakes fading model

· Generation of TDLs from CDLs is not precluded based on the procedure described in TS 38.901

· Option 2. Derive TDL models from CDL framework in 38.901. 
· A methodology for deriving TDLs from CDLs is provided in 38.901, however, this process does not say how to derive the Doppler spread of each tap form the CDL

· This methodology also clarifies how the Doppler spread of each tap is derived based on which parameters

· The doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA

This paper provides further details on why Jakes Doppler spectrum is not suitable to demodulation requirements and proposes to go for option 2 above (from [2]) and the underlying geometric modelling principle. 

A similar paper was already discussed under testability study item agenda in RAN4#87 ([8]). However, in [7], it was agreed that in case multiple TDL Channel Model definition methodologies were identified as feasible (and this is the case according to [9]), the further down-selection between the methodologies and the selection of specific parameters (e.g. PDP) would be done in the scope of Rel. 15 NR UE performance requirements work. Hence, this paper is a re-submission of [8] including further updates (highlighted to ease reading).
2 Jakes Doppler spectrum applicability

Jakes Doppler power spectrum (DPS) is completely non-physical and unrealistic model for mm-wave propagation with beamforming Tx/Rx antenna arrays (see DPS figures in Sect 5).

1. Jakes is from 70’s for narrowband communications with very multi-path rich channel and omni-directional antennas. Actually, Jakes DPS results from uniform power distribution in 360( azimuth plane.

2. At mm-wave frequencies the propagation channel is often spatially sparse and specular (not angularly dispersed).

3. Beamforming Tx (gNB) illuminates only one or few clusters and the resulting power distribution in Rx (UE) point of view is very sparse (far from isotropic).

4. If channel modelling with Jakes Doppler spectrum were used for OTA testing, resulting temporal fading could cause pessimistic performance figures (see explanation in Sect 5)

 It could be thought that using the non-realistic model with Jakes Doppler spectrum could simplify test system complexity or availability. However, it does not take any additional HW resources.



3 Suitability of using TDL model derived from CDL model

· TDL from CDL models are geometric with physical propagation channel parameters. When testing spatial and polarization characteristics it is beneficial to have these features included in the channel model

· Geometric modelling has been the de-facto approach since TR 25.997 (SCM year 2001). CDL models belong to the same family with other 3GPP specified 5G models

· TDL from CDL models provide joint modelling of temporal and spatial effects, in reality Doppler and antenna correlations are inter-dependent

· TDL from CDL models support any Tx and Rx antenna geometries, also fixed and predefined as the proposed 8x8 uniform rectangular array in [6] (as agreed in [10])

· TDL from CDL models support any Tx and Rx radiation patterns and polarizations

· TDL from CDL models support any beamforming or beams, time variant or fixed, also the DFT beamformer weights defined in [6]

Observation 1: Using geometric TDL from CDL models in OTA testing should not be problematic with any fading emulator or similar test equipment.
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6 Comparison of Jakes Doppler spectrum with  CDL model spectrum
The temporal fading characteristics of CDL models with geometry based DPS and TDL modes with Jakes DPS are different. This difference and the impact of directive antennas is shown and explained by simulations in this section. 
In the simulations the BS antenna is 8x8 planar array with half wavelength inter element spacing. In the cases beamforming effect is considered, the BS beam is directed to the direction providing the highest power (averaged over time) as explained in [4]. Beam directions for CDL A, B and D are: 

· CDL-A az,el = -2.5081,7.1162  

· CDL-B az,el = 0.3877,-15.6707
· CDL-D az,el = 0 ,-8.5

From the following figures we can observe that even without the beamforming effect of gNB the per cluster Doppler power spectra (DPS) below are highly different to the Jakes DPS. With BS beamforming the deviation is further enhanced. Temporal auto-correlation functions (ACF) of the Jakes DPS as well as CDL models with and without beamforming are depicted. We can read that while the Jakes model has the first zero crossing of ACF before 0.4 wavelength distance (with constant speed) the CDL models ACFs do not reach zero correlation within eight wavelengths distance. This indicates that with the Jakes model the channel coherence time is substantially shorter and severe fading conditions occur more frequently as compared to the CDL models.
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Figure 1. An example of so-called Jakes (or Clarke’s) Doppler power spectrum. The horizontal axis is the normalized Doppler frequency fd/fmax.
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Figure 2. Per cluster Doppler power spectra of CDL-A model without gNB beams (i.e. isotropic gNB array response).

[image: image5.png]magnitude [dB]

38.901 CDL-A, w/ Tx beam

normalized Doppler frequency (f d/fmax)




Figure 3. Composite Doppler power spectrum of CDL-A model with gNB beams to the strongest beam direction.
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Figure 4. Temporal auto-correlation function of Jakes Doppler spectrum and of CDL-A model with and without gNB beam effect.
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Figure 5. Per cluster Doppler power spectra of CDL-B model without gNB beams (i.e. isotropic gNB array response).
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Figure 6. Composite Doppler power spectrum of CDL-B model with gNB beams to the strongest beam direction.
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Figure 7. Temporal auto-correlation function of Jakes Doppler spectrum and of CDL-B model with and without gNB beam effect.
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Figure 8. Per cluster Doppler power spectra of CDL-D model without gNB beams (i.e. isotropic gNB array response).

[image: image13.png]magnitude [dB]

38.901 CDL-D, w/ Tx beam

10}

-1 0 1

normalized Doppler frequency (fd/fmax

)





Figure 9. Composite Doppler power spectrum of CDL-D model with gNB beams to the strongest beam direction.
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Figure 10. Temporal auto-correlation function of Jakes Doppler spectrum and of CDL-D model with and without gNB beam effect. Note that the LOS path of CDL models makes the ACFs non-comparable.
Hence, a narrow beam reduces time domain selectivity (fading) in CDL case but not in TDL (Jakes) case. In the worst case, spatial filtering of TDL model in delay domain could lead to almost flat channel in frequency domain but still severely fading channel in time domain. Deep fades over whole frequency band (all subcarriers) would be crucial for the demod performance and therefore time domain fading characteristics are important in demod performance evaluation.

Observation 3: Jakes DPS deviates substantially from a typical DPS of beamformed mm-wave radio channel.

Observation 4: Using Jakes DPS instead of CDL models affects fading characteristics and may affect the link performance.
7 Conclusions

This paper provides further details on why Jakes Doppler spectrum is not suitable to demodulation requirements. The following observations are done:
Observation 1: Using geometric TDL from CDL models in OTA testing should not be problematic with any fading emulator or similar test equipment.

Observation 2: TDL models in 38.901 ([2]) do not consider appropriately the impact of Tx antenna pattern (regards Doppler or spatial correlation).
Observation 3: Jakes DPS deviates substantially from a typical DPS of beamformed mm-wave radio channel.
Observation 4: Using Jakes DPS instead of TDL from CDL models affects fading characteristics and may affect the link performance.
Hence, it is proposed to derive TDL models from CDL framework in 38.901 and the underlying geometric modelling principle for demodulation purposes:

Proposal 1: Use TDL from CDL models of section 8.2.1.2 in [11] for demod testing with the detailed description in [6] and [12].
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