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1 Introduction
This contribution is revised from R4-1711499. Results with angular spreads scaling for 28 GHz are added in section 4.

The previous RAN4 meeting agreed the method to add the antenna pattern to the antenna independent channel model [1]. The method is directly taken from the RAN1 channel modelling technical report 38.901 [2]. The next step is to define the BS antenna pattern to apply to the channel model. This is based on the co-existence assumptions in TR 38.803 [3] until BS vendors provide an alternative pattern.
The channel model to be used is not explicitly agreed in RAN4 but there is a large consensus that the framework of [2] will be used. Most often the cluster delay line (CDL) models are being considered for requirements. The report [2] contains three NLOS CDL tables and 2 LOS CDL tables. The contribution [4] is an example where the same framework from [2] is used but with scaling applied to the number of clusters. The need for scaling was identified in [5].This contribution shows some simulation results when the BS antenna from [3] and the channel from [2] with and without angular scaling @ 28 GHz
2 Application of Tx antenna patterns to CDLs
The steps are as follows:

· Search for the nth strongest cluster in the CDL model used, where n = 1, 2, …

· Point the beam of the BS to that cluster (departure of angle), i.e. define the weights
· Combine the BS pattern to the channel, i.e. calculate ray by ray the new amplified power level for the departure rays; all clusters and all rays (20 rays per cluster)
· Combine the new departure rays with the arrival rays

The GSCM assumptions in [2] couples the departure and arrival rays randomly. This randomness is part of the model and is based on the low frequency (sub-6 GHz) physics. This contribution does not discuss how relevant this assumption is for mmWave. Two different cases are simulated; 1) GSCM as it is defined (called random coupling) and 2) GSCM with modification so that the departure ray #k is connected to the arrival ray #k, where k = 1, 2, …, 20 (called non-random coupling). 
3 Results

3.1 The CDL without Tx antenna impact
The channel without the application of the base station antenna is presented first. The angular spread values from [2] without scaling or refining for mmWave are used. See section 4 for scaled results.
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Figure 1. CDL-A model.
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Figure 2. CDL-B model.
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Figure 3. CDL-C model.

3.2 The CDL with Tx antenna impact for random coupling
Next the same but now the BS antenna pattern applied. 8 x 16 elements. 
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Figure 4. CDL-A with the BS antenna pattern.
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Figure 5. CDL-B with the BS antenna pattern.
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Figure 6. CDL-C with the BS antenna pattern.

An easier way to visualize the effect of the Tx antenna pattern spatial filtering is to plot the unfiltered and filtered channel for each CDL in the same graph but with power in the Y axis. This is shown in figures 7, 8 and 9.

The arrival angle of 180( is the boresight view from the base station. 
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Figure 7. CDL-A with the BS antenna pattern. Elevation not shown.
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Figure 8. CDL-B with the BS antenna pattern. Elevation is not shown.
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Figure 9. CDL-C with the BS antenna pattern. Elevation is not shown.

The reason the Tx antenna shape is not so evident in figures 7, 8 and 9 is that the established method for modelling upon which [3] is based, the Geometric-based stochastic channel model (GSCM) assumes a random relationship between the rays departing from the base station and arriving at the UE. See [2] Section 7.5 step 8. This random coupling has been seen to be based on the observation of the physics at < 6 GHz. Whether this assumption still holds for mmWave has not been studied. An artefact of this assumption may be that when the beamwidth of the Tx signal falls significantly below the angular width of arrival of the cluster, the ASA of the cluster is not reduced.
Figures 10, 11 and 12 show the AoA assuming non-random coupling where the Tx antenna pattern is now clearly seen in the received signal. In this case, the ASA of the cluster will narrow when the Tx pattern falls below the angular width of the cluster.
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Figure 10. CDL-A with BS pattern.
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Figure 11. CDL-B with BS pattern.
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Figure 12. CDL-C with BS pattern.

4 Scaling of Angular Spreads

The spatially filtered angular spreads seen in figures 7 to 12 are based on the assumptions in 38.901. These angular spreads are taken directly from the CDLs and have not been scaled according to the frequency-dependent parameters in [2] section 7.5-6. 
If a narrower AS is adopted this will impact the results seen in Figures 7 to 12 accordingly. The report [2] contains the method for how to scale the angular spreads, see [2] section 7.7.5.1. The target values needed for this scaling are taken from the same report, section 7.5, Table 7.5-6, for UMi model @ 28 GHz:





ASA = 49.3(, ESA = 7.3(, ASD = 15.6(, ESD = 1.1(. 

4.1 Scaled CDLs @ 28 GHz without Tx Antenna Impact

The CDLs without the Tx antenna are re-drawn because of the narrower angle spreads. 
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Figure 10. CDL-A with scaled AS, channel without the TX pattern.
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Figure 11. CDL-B with scaled AS, channel without the TX pattern.
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Figure 12. CDL-C with scaled AS, channel without the TX pattern.

4.2 CDLs with Tx Antenna Impact for Random Coupling

Similarly, as above now the Tx antenna pattern is applied. 
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Figure 13. CDL-A with scaled AS, channel with the TX pattern seen from UE.
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Figure 14. CDL-B with scaled AS, channel with the TX pattern seen from UE.
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Figure 15. CDL-C with scaled AS, channel with the TX pattern see from UE.
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Figure 16. CDL-A with BS pattern.
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Figure 17. CDL-B with BS pattern.
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Figure 18. CDL-C with BS pattern.

5 Discussion

Figures 7, 8 and 9 show how the strongly directive base station radiation pattern spatially filters the channel which is the expected result. 
The observed angular width for CDL-A and B is seen to follow the Tx beam pattern (for the non-random coupling case) of around 50 degrees at – 20 dB and half power beamwidth of around 25 degrees. The CDL-C case shows a significantly wider result due to the existence of several clusters from close-by angles, which has the effect of spreading the width. 

Generally, only a single AoA is seen in the filtered channels (which may represent more than one cluster of different delays). All other clusters are outside of the main beam. As the main beam amplification is close to 40 dB at its highest the difference in the clusters at the arrival end is clearly seen. The exception is the case of CDL-C where there is also a close-by cluster that is also partially illuminated by the main Tx lobe. 

An observation, for instance from Figure 7, is that although only one pointing angle (the strongest) is shown along with the unfiltered CDL, it should be obvious that had this been a real environment, the BS could have selected a different cluster to point at e.g. if the strongest cluster were compromised due to fading or blocking. 
This observation is important because it indicates that in real networks, due to UE channel state information, the base station and UE may select different pointing directions per the dynamic fading and blocking of the channel. This aspect of test environment will be studied in the future.
When smaller angular spread values are used, more clusters remain visible to the UE. CDL-A is filtered to be one cluster direction but CDL-B is filtered to three cluster directions with small power differences and CDL-C to two cluster directions. 

6 Conclusions

Observation 1: The spatial filtering of the CDL models from 38.901 using the BS antenna assumptions from 38.803 has a major impact on the channel seen by the UE.
Observation 2: The observed angular width for CDL-A and CDL-B is around 50 degrees at – 20 dB threshold with a 25 degree half power beamwidth when non-refined TR 38.901 models are used. For CDL-C the arrival angular width is wider due to the existence of several closely spaced clusters in the angular domain.
Observation 3: The smaller angular spreads due to scaling @ 28 GHz significantly change the results. More clusters remain for the filtered channel.

Proposal 1: The applicability of the random coupling of arrival and departure rays within each cluster which has been used for < 6 GHz models should be further studied for mmWave.
Proposal 2: The findings for the beam selection from these simulations should be considered when discussed on dynamic channel geometry are studied in the future.
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