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1
Introduction

Previous discussions of DoT for FR1 [1] were based on the entire channel model with all taps included.  Recently, the channel models were updated in [2].  Some recent proposals are based on the spatial filtering observed by BS array + channel model, [3] resulting in just a few taps being significant.  Thus, there is some thresholding being assumed, where weaker paths are removed, so the DoT selections for FR1 were updated in [5].  The same procedure is now applied to FR2 in this contribution.
The two channel models, InO CDL-A, and UMi CDL-C have been chosen for FR2 [4] as the working assumption for analysis in the ad-hoc group.  This contribution looks at these two channel models with spatial filtering and thresholding, and the resulting improved selection of DoT for each that will lead to better emulation and measurement.   

2
Details
Spatial filtering limits the number of taps to just a few that contain significant power.  The following 8x16 array is used @ 28 GHz for FR2, shown in Fig. 1.  
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Fig. 1.  BS array



Fig 2. BS Array Response + InO CDL-A
Fig. 2 shows the strongest beam energizing a single cluster, shown by the green data points in the centre of the beam.  Other clusters are at best in pattern nulls or side-lobes, which reduce the relative level for these clusters.

After the strongest beam is selected, energizing the strongest cluster, the PDP is evaluated in Figs 3 to show the impact of the beamforming on each tap.  As observed, the strongest beam is shown in Fig 3 is from tap #2, shown with mid-paths combined, and since this tap is significantly stronger than the others, then it will dominate the channel.  
The power-threshold is used in nearly all types of measurements, and typically a 30dB threshold is used in channel modelling.  If we apply a 30dB threshold in this case measured from the strongest tap, we observe only a single tap, i.e. tap # 2, that is significant.  
Observation 1: Thresholding of about 30dB significantly reduces the number of taps down to 1 tap in InO CDL-A, and 3 taps for UMi CDL-C as shown below.
Proposal 1: Adopt 30 dB threshold for CDL-A to limit the number of spatially filtered taps.
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Fig. 3.  Strongest Beam PDP
Fig. 4 shows tap #2 at the UE and is plotted as signal level in dB vs AoA. The strongest beam is shown.  Fig. 5 shows this data plotted on a normalized Doppler frequency scale, when the horizontal plane DoT is set to 135 degrees.  This causes the cluster sinusoids to be spread out, which helps statistical convergence as observed by the roll off of the autocorrelation.
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Fig. 4.  Signal vs AoA for taps above threshold

Fig 5. Signal vs Doppler at DoT=135 deg
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Theoretical V2V Autocorrelation InO CDL-A at 28 GHz, DoT=135°
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Fig 6. Autocorrelation for Spatially Filtered model                 
Fig 7. Autocorrelation for Spatially Filtered model, zoom out
Fig. 6 illustrates the autocorrelation for the spatially filtered InO CDL-A channel model, that was thresholded by 30dB from the strongest path and using a DoT of 135 degrees.  The autocorrelation rolls off well.  The autocorrelation magnitude remains low as seen from Fig. 7, which has a larger scale.  Since the autocorrelation is plotted against wavelength, and the Doppler is plotted on a normalized scale, the DoT shown is valid across all FR2 frequencies.
Proposal 2: Select improved DoT = 135 deg for  InO CDL-A
The analysis below is a repeat for the UMi CDL-C channel model.  
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Fig. 8.  BS array



Fig 9. BS Array Response + UMi CDL-C
Fig. 9 shows the strongest beam energizing a single cluster, and the sidelobes are energizing some additional clusters.  This is shown by the cyan data points along with two that are shades of green.  The three clusters are being enhanced by the beam forming direction.  Other clusters are at best in pattern nulls or side-lobes, which reduce the relative level for these clusters.

After the strongest beam is selected, energizing three clusters within the 30 dB threshold, the PDP is evaluated in Figs 10 to show the impact of the beamforming on each tap.  As observed, the strongest beam in Fig 10 produces a significant level for taps #2 & #4, with tap #1 being very close to the threshold.  Therefore, in this case it makes sense to model the two taps that have significant energy, namely taps #2 & #4.  
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Fig. 10.  Strongest Beam PDP
Fig. 11 show these taps at the UE and are plotted as signal level in dB vs AoA.  Fig. 12 shows this data plotted on a normalized Doppler frequency scale, when the DoT is set to 100 degrees.  This causes the cluster sinusoids to be spread out, which helps statistical convergence as observed by the roll off of the autocorrelation
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Fig. 11.  Signal vs AoA for taps above threshold

Fig 12. Signal vs Doppler at DoT=100 deg
Fig. 13 illustrates the autocorrelation for the spatially filtered UMi CDL-C channel model, that was thresholded by nearly 30dB from the strongest path (28.6 dB)  and using a DoT of 100 degrees.  The autocorrelation rolls off well and remains low as shown in Fig. 14.
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Theoretical V2V Autocorrelation UMi CDL-C at 28 GHz, DoT=100°
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Fig 13. Autocorrelation for Spatially Filtered model                    Fig 14. Autocorrelation, Zoom out
Proposal 3: Select improved DoT = 100 deg for  UMi CDL-C.
The two channel models have different DoTs based on the distribution of Doppler frequencies given the cluster angles and angle spread.  The selected DoT values reduce the autocorrelation so that there the statistical behaviour of the fading signals will converge faster.
3
Conclusions
This contribution looks at the effects of Spatial Filtering on the Channel Models under evaluation for FR2.  It is observed that thresholding by approximately 30dB can simplify the results and limit the number of taps to 1 tap for InO CDL-A, and two taps for UMi CDL-C with a 28.6 dB threshold. The main conclusions were: 
Observation 1: Thresholding of 30dB significantly reduces the number of taps to 1 tap in InO CDL-A, and three taps for  UMi CDL-C.
Proposal 1: Adopt an approximate 30 dB threshold to limit the number of Spatially filtered taps
Proposal 2 and 3: Select improved DoT values of:  InO CDL-A, DoT = 135 deg, UMi CDL-C, DoT = 100 deg, for use at all FR2 frequencies.
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