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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
Additionally, in a different companion paper to this meeting ([2]), it is shown that Jakes Doppler power spectrum of TDL models should not be used for FR2.
This document discusses how to generate an appropriate Doppler power spectrum with the TDL model concept if the proposed CDL model concept of [3] in [2] cannot be accepted.
2 Generation of fading coefficients with TDL model
Technical report 38.901 [3] does not specify how the actual fading coefficients H(t,() are generated with TDL models. 
The procedure at high level is depicted in Figure 1 below:

· First, a set of iid complex Gaussian random number sequences are generated with the target temporal correlation ((Doppler power spectrum).
· Second, the target MIMO correlation matrix is realized by performing the linear transformation across fading sequences. This procedure is described, e.g., in [7]. 
· Third, the target tap powers are multiplied in the fading sequences. 
The first stage can be done either by the so-called sum-of-sinusoids principle [8] or the so-called noise filtering method [7]. The second stage of linear transformation can be done similarly, regardless the method of generating the temporally correlated iid complex Gaussian random number sequences. 
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Figure 1. Coefficient generation with TDL models.
2.1 Sum-of-sinusoids

If the CDL procedure of [3] is fully followed, the applied method is sum-of-sinusoids (SoS). The effect of gNB beams is taken into account as described in [5] and [6]. If, e.g., specific correlation matrices are targeted, the first stage can be done with the SoS method. The CDL procedure of [3] is otherwise followed, except random initial phases terms (n,m are drawn independently for each MIMO channel. This will make the generated fading sequences non-correlated, but still to follow the original geometrically specified DPS of the CDL model. Finally, the target correlation matrix can be implemented according to Figure 1 using the linear transformation as described in [7].
2.2 Noise filtering

The noise filtering method is based on random iid complex Gaussian numbers that are filtered with a Doppler spectrum shaping filter to follow the target temporal auto-correlation function (ACF) and DPS. This method is illustrated in Figure 2. 
An appropriate Doppler spectrum shaping filter can be determined with the following procedure starting from a CDL parameter table:

· First, determine the discrete DPS composed of Doppler shift of each sub-path of each cluster. [3] specifies: The Doppler frequency component depends on the arrival angles (AOA, ZOA), and the UT velocity vector 
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 with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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(7.5-25)
· Determine power of each Doppler frequency component by reading it from the corresponding CDL model table and by weighting it with the gNB arrays (beam) power pattern. The output of this step is a target discrete DPS Sn(fd) for each cluster n of the CDL model. 
· Now take the discrete Fourier transform of the DPS Sn(fd) to obtains ACF. 
· Weight the symmetric ACF with a window function. The result can be interpreted as a FIR filter H(f) of Figure 2 that provides the target DPS. The rest of the procedure is as in section 2.1.
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Figure 2. Noise filtering method for generating temporally correlated fading sequences.

3 Discussion

As discussed in [2], the Jakes DPS should not be used in channel modelling for FR2. Fading MIMO channel impulse responses with TDL models could be generated either with the SoS or the noise filtering method
In principle, the methods are able to provide statistically equivalent outputs. I.e. the both methods can be used to generate geometry based Doppler power spectrum of the original CDL models, taking into account the gNB beamforming. Somehow, the SoS method considers the geometry naturally and is thus simpler and more accurate than noise filtering method (but not simpler than using CDL models as proposed in [2]).
4 Conclusions

Observation 1: Noise filtering method with geometry based Doppler spectrum may be complex compared to the CDL model approach of [3].
Observation 2: A modified CDL procedure can be used to support correlation matrix defined MIMO correlation.
Proposal 1: CDL procedure with the sum of sinusoids method could be used for the Doppler modelling and fading coefficient generation in case proposal in [2] is not agreed.
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