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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”. This contribution follows up on an earlier contribution to RAN1#116bis [3] by providing further measurements and discussion relevant to the topic. 
2 [bookmark: _Ref178064866]Discussion
2.1 Suburban scenario
As argued in [3], there is a need for a channel model for a suburban scenario since none of the current supported scenarios in TR 38.901 (Urban Macro, Urban Micro, Rural Macro, Indoor Office, Indoor Factory) is able to predict the path loss behavior as a function of frequency. In this contribution, we also look at other aspects of a potential suburban scenario.
2.1.1 Deployment scenario
In TR 38.901 clause 7.2, a scenario is defined by some deployment parameters such as the cell layout, UE distribution, and the antenna heights. A suburban residential scenario such as the one the measurements in [3] were performed in is characterized by one- or two-floor single family homes. BS antennas are typically mounted on towers with height slightly above the building and tree height, though this may differ between different markets. As a starting point, the parameters in Table 1 may be considered for a generic Suburban Macro (SMa) scenario. 
[bookmark: _Ref164488803]Table 1: Evaluation parameters for Suburban Macro (SMa). 
	Parameters
	SMa

	BS height 
	[22.5] m

	Layout
	Hexagonal grid, 19 Macro sites, 3 sectors per site, ISD = [1732] m

	Typical building heights
	[Up to two floors for residential buildings, up to five floors for commercial buildings]

	UT height 
	[1.5 or 4.5 m for residential buildings]
[1.5/4.5/7.5/10.5/13.5 m for commercial buildings]

	UT distribution
	[Uniform horizontally, 70% indoor residential users are on ground floor, 30% are on upper floor]
FFS ratio between residential and commercial buildings

	Indoor/Outdoor
	[80% indoor and 20% outdoor, FFS on in-car users]

	LOS/NLOS
	LOS and NLOS

	Min BS - UT distance(2D)
	[25] m



[bookmark: _Toc166237488]The parameters in Table 1 may be considered as a starting point for specifying a generic Suburban Macro (SMa) scenario.
2.1.2 Path loss
As found in [3], the excess path loss in the suburban scenario increases with around  up to 10 GHz while it appears independent of frequency above 10 GHz, see also Figure 3. 
[image: ]
[bookmark: _Ref162340970]Figure 1	Measured excess path loss in the suburban macro scenario, with error bars denoting the measurement uncertainty. Note that some percentiles are missing for 5 GHz due to an equipment misconfiguration that affected the sensitivity.
[bookmark: _Toc163218854][bookmark: _Toc166237485]In a suburban residential scenario, the path loss has a  frequency dependence up to 10 GHz and a rather flat frequency dependence above 10 GHz. 
When formulating a path loss model for the Suburban Macro scenario, this observation can be captured by using the following term for the NLOS path loss: 

where  and  are parameters for further study,  denotes the frequency dependence of the free space path loss, and  gives the additional frequency dependence with the 10 GHz breakpoint as observed in the measurements.



[bookmark: _Ref164489288]Table 2	Path loss model for a generic Suburban Macro (SMa) scenario.
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	SMa
	LOS
	TBD
	
TBD

	TBD

	
	NLOS
	
	
TBD

	



[bookmark: _Toc166237489]The parameters in Table 2 may be considered as a starting point for specifying the path loss for a generic Suburban Macro (SMa) scenario, where  and  are FFS.
2.1.3 LOS probability
The LOS probability function is an important component of any scenario. To derive an empirical line of sight (LOS) probability for a suburban scenario, a 6x6 km digital map of a suburban residential area in Santa Clara, CA, has been used, see Figure 2. In this area, 22 gNBs were dropped at 25 m height over ground and 276000 UEs were dropped at 1.5 m over ground. The LOS state for each of the ~6 million links was determined by checking for the presence or absence of any obstacle between the BS and UE. The average within 50 m distance bins was the calculated. The results are shown in Figure 3, where the UMa and RMa LOS probabilities are also plotted for comparison. The default antenna heights for UMa and RMa were used, except for the UE height which was fixed to 1.5 m. The red curve in the plot represents a first attempt at fitting a LOS probability function to the empirical data using the following equation:

This function faithfully reproduces the empirical LOS probability up to 500 m but underestimates the probability at larger distances.
[image: ]
[bookmark: _Ref164955929]Figure 2	Aerial view of a residential area in Santa Clara, CA.
[image: ]
[bookmark: _Ref164954542]Figure 3	LOS probability as a function of 2D distance between BS and UE for the suburban residential area in Santa Clara, CA. 

[bookmark: _Ref164489542]Table 3	LOS probability for a generic Suburban Macro (SMa) scenario.
	Scenario
	LOS probability (distance is in meters)

	SMa
	



[bookmark: _Toc166237490]The parameters in Table 3 may be considered as a starting point for specifying the LOS probability for a generic Suburban Macro (SMa) scenario.
2.2 Angular spread
As discussed in [3], measurements in an Urban Macro scenario showed significantly less azimuth angular spread at the base station (ASD) than predicted by the 38.901 model. In [4], new measurements of the ASD in an operational NR network reaches the same conclusion. A proposal for how to adjust the UMa model to better conform to the measurements can be found in [4].
2.3	Polarization
The polarization of the th ray in the th cluster in the TR 38.901 model is characterized by a polarization matrix:

Here, the phases are randomly generated within  and the cross-polarization ratio (XPR)  is log-normally distributed with a mean and standard deviation. 
[bookmark: _Toc163218859][bookmark: _Toc166237486]In the TR 38.901 model, the two co-polar components in the channel always have exactly equal power, and the two cross-polar components are equally attenuated according to a stochastic XPR.
On average, this model is well supported by measurements such as [5], see Figure 4 and Figure 5. However, while there is indeed an average power difference between co- and cross-polar channel components the measurements show a slow variation in time and in delay around the average powers of each of the co- and cross-polar components. As observed in [5], the standard deviation of this variability is about 3 dB.
[bookmark: _Toc163218860][bookmark: _Toc166237487]Measurements show a slow variability around the mean co-polar and cross-polar power that is independent between different components.
[image: ]
[bookmark: _Ref161917824]Figure 4	Power delay profiles from a 200 MHz bandwidth macrocell outdoor measurement at 5.25 GHz. From [5].

[image: ]

[bookmark: _Ref161917841]Figure 5	Co- and cross-polar powers as a function of total received power (here given by pVV). Error bars denote +/- one standard deviation per 5 dB pVV interval. Results are from all indoor measurements. From [5].
The polarization variability can have an impact on e.g. codebook design. One example is when selecting a pair of beams for rank-2 transmission. Using the TR 38.901 model, the two strongest beams are very likely to be a pair of cross-polarized beams pointing in the same direction. However, the measurements show that such a selection can be suboptimal when one of the two polarizations is significantly weaker than the other since there could be similarly powered single or dual-polarized beams in other directions to choose from. Motivated by this discrepancy we therefore propose to include polarization variability in the model. 
[bookmark: _Toc163218866][bookmark: _Toc166237491]Introduce a random variability of the co- and cross polar powers in the TR 38.901 model, such as an i.i.d zero-mean Gaussian with 3 dB standard deviation, via the following changes to step 9 and eqs (7.5-22) and (7.5-28) in clause 7.5 in TR 38.901.
--
Step 9: Generate the cross polarization power ratios
Generate the cross polarization power ratios (XPR) for each ray m of each cluster n. XPR is log-Normal distributed. Draw XPR values as
	,	(7.5-21)
where  is Gaussian distributed with and  from Table 7.5-6. 
Note:  is independently drawn for each ray and each cluster.
Generate polarization variability powers , ,  and  for each ray m of each cluster n.  is log-Normal distributed. Draw values as 

	,	(7.5-21b)
where  is Gaussian distributed. Note that  is independently drawn for each ray, cluster, and polarization component.
--
		

	(7.5-22)
--
	(7.5-28)
--
2.4	Cluster and ray generation
The process of generating clusters and rays within clusters may not be adequate for very large antenna arrays that can form very narrow beams. TR 38.901 clause 7.6.2.2 includes an optional and more refined procedure for generating intra-cluster ray distributions. However, this procedure has not been used much and does also not address the method for distributing clusters in angle and delay. Whether the existing model is adequate or model enhancements may be needed is still an open question that should be studied using new validation measurements. 
[bookmark: _Toc163215817][bookmark: _Toc166237492]Encourage companies to perform measurements to further study whether the existing mechanisms for generating clusters and rays are inaccurate when simulating large antenna arrays.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In a suburban residential scenario, the path loss has a  frequency dependence up to 10 GHz and a rather flat frequency dependence above 10 GHz.
Observation 2	In the TR 38.901 model, the two co-polar components in the channel always have exactly equal power, and the two cross-polar components are equally attenuated according to a stochastic XPR.
Observation 3	Measurements show a slow variability around the mean co-polar and cross-polar power that is independent between different components.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The parameters in Table 1 may be considered as a starting point for specifying a generic Suburban Macro (SMa) scenario.
Proposal 2	The parameters in Table 2 may be considered as a starting point for specifying the path loss for a generic Suburban Macro (SMa) scenario, where  and  are FFS.
Proposal 3	The parameters in Table 3 may be considered as a starting point for specifying the LOS probability for a generic Suburban Macro (SMa) scenario.
Proposal 4	Introduce a random variability of the co- and cross polar powers in the TR 38.901 model, such as an i.i.d zero-mean Gaussian with 3 dB standard deviation, via the following changes to step 9 and eqs (7.5-22) and (7.5-28) in clause 7.5 in TR 38.901.
Proposal 5	Encourage companies to perform measurements to further study whether the existing mechanisms for generating clusters and rays are inaccurate when simulating large antenna arrays.
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