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1 Introduction
In the study item on channel modeling enhancements for 7-24 GHz [1], the first objective is to “validate using measurements the channel model of TR 38.901 at least for 7-24 GHz”. In RAN1#116bis [3] Ericsson provided measurements of the angular spread in a macrocell scenario in Stockholm, Sweden, and identified a significant discrepancy between observed horizontal angular spread (ASD) measurements and those predicted by the model. Since these measurements were based on a single BS antenna position and a limited number of UE locations, the observations need to be corroborated by additional measurement data. This contribution reports on a large set of ASD and ZSD measurements that have been performed by Vodafone and Ericsson in Düsseldorf, Germany. 
2 [bookmark: _Ref178064866]Discussion
2.1 Measurements
The measurement data consists of radio channels estimated from uplink transmissions between UEs and gNBs in a 5G NR network in Düsseldorf, Germany. Düsseldorf is a city with building heights that fairly well represent the Urban Macro scenario of TR 38.901, see Figure 1. The carrier frequency was 3.4 GHz. The channel estimates were recorded in 11 3-sector sites, which represent typical urban macrocell installations, where the BS antenna is installed on rooftops or on masts that are higher than the surrounding clutter.  
[image: ]
[bookmark: _Ref164397217]Figure 1	Birds-eye view of a neighborhood in Düsseldorf
The channel estimates were based on uplink transmissions from several thousands of different UEs throughout the city performed during regular network operation. Hence, the locations or identities of these UEs are unknown but the statistics from these measurements represent a very good sample of the channel conditions that are experienced in the real world. A portion of these UEs is deemed to be indoor (transmission is done outdoor to indoor) with comparable profile as the one observed in [3].
From the raw channel estimates, the cross-correlation of the channel between different pairs of antenna elements in the BS array was determined. In a subsequent step, these correlations were used to estimate the angular spread in the horizontal and vertical direction using the estimator described in [4]. While this estimator gives a slightly different result than the path-based angular spread equation in TR 38.901 Annex A.1, it can be applied directly on the measured channel coefficients with no need for sensitive super-resolution methods to extract paths or rays. For reference, channel coefficients were generated with the TR 38.901 UMa channel model using some assumptions such as antenna configurations and deployments tuned to resemble the conditions in the measurements. The same estimator was used to estimate the ASD and ZSD also from the channel model realizations. 
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[bookmark: _Ref164397606]Figure 2	Vertical angular spread (ZSD) as observed at the base station
The estimated ZSD from the measurements and from the UMa channel model realizations are compared in Figure 2, where also the ZSD measurements from [3] are shown. As can be seen, the match is very good, both between the Düsseldorf and the Stockholm measurements, and also with the predicted ZSD distribution from the UMa model. However, it should be noted that the predicted angular spread in the model is sensitive to the UE distribution: distances and heights. Since the UE distribution was not known from the measurements it is possible that the model assumptions are not perfectly tuned to the measurement conditions. Differences may be due to these assumptions rather than being an indication of model deficiencies. 
[bookmark: _Toc166058707]The measured elevation angular spreads (ZSD) at 3.4 GHz for a very large number of communication links in an operational urban macro 5G NR network match the 38.901 UMa model.
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[bookmark: _Ref164398152]Figure 3	Horizontal angular spread (ASD) as observed at the base station
The estimated ASD from the measurements and from the UMa channel model realizations are compared in Figure 3. Here, a very poor match between existing 38.901 UMa model and the measurements is observed. However, the comprehensive measurements from Düsseldorf confirm the observation from [3] that the ASD in the measurements is more than 4x lower than the model. In contrast to the ZSD, the ASD in the UMa model does not depend on the UE height or distance, so this observation more clearly points to a deficiency in the model. Note that the UMa model was based on measurements campaigns with standalone channel sounders long before NR networks were deployed. There is a possibility that the setups in those measurements, such as the “user” distributions, don’t reflect the actual conditions in today’s NR networks well enough. This could be one explanation for the observed discrepancy. 
[bookmark: _Toc166058708]The measured azimuth angular spreads (ASD) at 3.4 GHz for a very large number of communication links in an operational urban macro 5G NR network are several times lower than predicted by the 38.901 UMa model.
To make the model more similar to the measurements the following three adjustments have been found to be necessary:
· Reduce the median ASD by a factor 4.67, i.e. reduce the log(ASD) by 0.67
· Increase the spread in the lognormal distribution
· Reduce the per-cluster ASD

The original UMa ASD parameters are shown in Table 1 while the adjusted parameters are shown in Table 2. The resulting CDF of the ASD, when applying the same ASD estimator [4] on model realizations as on the measurements, is shown by the green curve in Figure 3. As can be seen, this curve fits the measurements much better.


[bookmark: _Ref165995489]Table 1	Parameters of the TR 38.901 UMa ASD model
	Scenarios
	UMa

	
	LOS
	NLOS
	O2I

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.06 + 0.1114 log10(fc)
	1.5 - 0.1144 log10(fc)
	1.25

	
	lgASD
	0.28
	0.28
	0.42

	
Cluster ASD () in [deg]
	5
	2
	5



[bookmark: _Ref164489921]Table 2	Suggested updates to the TR 38.901 UMa ASD model
	Scenarios
	UMa

	
	LOS
	NLOS
	O2I

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	0.39 + 0.1114 log10(fc)
	0.83 - 0.1144 log10(fc)
	0.58

	
	lgASD
	0.4
	0.7
	0.7

	
Cluster ASD () in [deg]
	1.5
	1.5
	1.5



[bookmark: _Toc166003987][bookmark: _Toc166058709]The ASD parameters for the UMa model are adjusted according to Table 2 to better represent measurements.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The measured elevation angular spreads (ZSD) at 3.4 GHz for a very large number of communication links in an operational urban macro 5G NR network match the 38.901 UMa model.
Observation 2	The measured azimuth angular spreads (ASD) at 3.4 GHz for a very large number of communication links in an operational urban macro 5G NR network are several times lower than predicted by the 38.901 UMa model.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The ASD parameters for the UMa model are adjusted according to Table 2 to better represent measurements.
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