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1 Introduction

In 3GPP RAN1#86b meeting, there was a discussion on the channel model for rural scenario in NR, as some models are missing for that scenario. The major issue is that in rural scenario, 50% indoor users are assumed while in the agreed channel model (i.e., rural macro (RMa) channel model in M.2135 [1]) no outdoor to indoor (O2I) channel model was defined. In addition, in M.2135 RMa model, there are no elevation parameters, which are welcome in evaluation. In this contribution, it is discussed how to extend M.2135 RMa channel model to support the evaluation in rural scenario. 

In email discussion [86b-24], there are two potential candidates for the extension. One is extending the current rural macro channel model in M.2135 with additional models, while the other is to reuse the rural macro channel model in TR 38.900 [2]. In this paper, we analyze the two candidates and propose a solution to make progress on the NR evaluation.
2 Analysis of channel model candidates for rural scenario 
Based on current email discussion, there are two major channel model candidates for rural scenario as mentioned above. The differences of these two alternatives are summarized as below.
Table 1 – Comparison of alternative 1 and 2
	Sub-models for rural scenario
	Alternative 1 (Extending M.2135 with additional models)
	Alternative 2 (Reusing TR 38.900)

	Pathloss model
	M.2135 
	M.2135

	LoS probability
	M.2315
	M.2135 

	Shadow fading model
	M.2135
	M.2135

	Delay spread
	M.2135
	M.2135

	AoD spread
	M.2135
	M.2135

	AOA spread
	M.2135
	M.2135

	Shadow fading
	M.2135
	M.2135

	K-factor
	M.2135
	M.2135

	Cross-correlations including only 2D LSPs
	M.2135
	M.2135

	Delay distribution
	M.2135
	M.2135

	AoD and AoA distribution
	M.2135
	M.2135

	Delay scaling parameter
	M.2135
	M.2135

	XPR - mean
	M.2135
	M.2135

	Number of clusters
	M.2135
	M.2135

	Number of rays per cluster
	M.2135
	M.2135

	Cluster ASD
	M.2135
	M.2135

	Cluster ASA
	M.2135
	M.2135

	Per cluster shadowing std.
	M.2135
	M.2135

	Correlation distance in the horizontal plane including only 2D LSPs
	M.2135
	M.2135

	Penetration loss model
	COST 231 based extension with measurement results
	In car penetration is from M.2135, and O2I penetration is based on new model (low loss penetration loss model mainly from high frequency measurements)

	LSPs for indoor users
	FFS
	Reuse the LSPs of outdoor users defined in M.2135

	ZoA spread
	FFS
	Reuse the 3D-UMi ZoA spread in TR 36.873

	Cross-correlations including 3D LSPs
	FFS
	Reuse the 3D-UMa cross-correlations in TR 36.873

	ZoD and ZoA distributions
	FFS
	Reuse the 3D-UMa/UMi (Laplacian) in TR 36.873

	XPR – std. variance
	FFS
	Based on measurements around 1.8 GHz in [3] 

	Cluster ZSA
	FFS
	Based on analysis without any measurements

	Correlation distance in the horizontal plane including 3D LSPs
	FFS
	Reuse the 3D-UMa in TR 36.873

	ZoD spread
	FFS
	Based on analysis of measurements in [4]

	ZoD offset
	FFS
	Based on analysis without any measurements.


As shown in the table above, M.2135 and TR 36.873 [5] provide solid methodologies and parameters based on measurements, which were also taken as the foundation of TR 38.900 for high frequency. From the introduction and scope part, we can see that TR 38.900 captures that findings of the study item, “Study on channel model for frequency spectrum above 6 GHz”, and the purpose of this TR is to help TSG RAN WG1 to properly model and evaluate the performance of physical layer techniques using the above-6GHz channel model(s). Therefore, this TR is intended to capture the channel model(s) for frequencies above 6 GHz and up to 100 GHz.
Accordingly, rural macro channel model in TR 38.900 is indeed based on the methodologies and parameters defined in ITU-R M.2135 and 3GPP TR 36.873, except the revisions to support indoor users and elevation evaluation [6].
Observation 1: Most of methodologies and parameters for rural macro channel model in TR38.900 are based on M.2135/TR 36.873.

From the red rows we can see that in TR 38.900, some LSPs for rural macro channel model, e.g., cluster ZSA and ZoD offset, are purely based on analysis, without any support or validation from measurement results for below 6GHz. In addition, many LSPs are directly reused from existing parameters of other scenarios in TR 36.873, e.g., ZoA spread, cross-correlation coefficients, etc., but this kind of directly reusing is similarly without any measurement data verifying for below 6GHz.
For example, it is found that the ZSA parameter for TR38.900 RMa (for above 6GHz) is taken from ZSA parameter in TR36.873 UMi. The reasoning is according to [6], saying that UE side environment in RMa and UMi is similar. If TR38.900 RMa ZSA parameter (for above 6GHz) is used for below 6GHz for RMa ZSA, then it means for below 6GHz, RMa ZSA would be the same as UMi ZSA. Such results may lead to confusion and be questionable, since if it is assumed that for below 6GHz, RMa and UMi lead to similar UE environment, the ASA parameter would also be quite similar. However, according to the existing parameters given in Report ITU-R M.2135 and 3GPP TR38.900, both of which are based on solid measurements, one could find that:
	Scenarios
	UMi
	RMa

	
	LoS
	NLoS
	O–to–I
	LoS
	NLoS

	AoA spread (ASA) log10(degrees)
	
	1.75
	1.84
	1.76
	1.52
	1.52

	
	
	0.19
	0.15
	0.16
	0.24
	0.13


It could be seen that ASA parameters are obviously different. Therefore if an identical ZSA parameter is used for UMi and RMa for below 6GHz, it needs solid measurement verification to justify this assumption.
Furthermore, the O2I model proposed in TR 38.900 was actually mainly based on measurements of different materials under different carrier frequencies (most of them are above 6GHz), and weighted average of the penetration loss through different materials. Whether these LSPs and O2I penetration model can be directly reused in rural scenario below 6 GHz is lack of validation.
Observation 2: Few measurements are taken into account for reusing rural macro channel model in TR 38.900.
Proposal 1: If extending RMa channel model, the extension should be based on M.2135/TR 36.873 with additional measurement results.
3 Proposal on channel model used for rural scenario
The building penetration models defined in COST-231 [7] are applicable to all cell types. Generally, the penetration loss can be divided into four major categories: wall loss, room loss, floor loss and building loss. With an attempt to describe all of the different propagation conditions in one single model, a generic model was provided for both line of sight and non-light of sight conditions. Measurements below 6 GHz in 256 different locations were made [8], in which 45 in the rural area, 93 in the suburban area, 58 in an urban area and 60 in a dense urban area. The analysis proved that even for rural area, the COST231 produced better penetration loss predictions. In [9], the authors presented the outdoor-to-indoor penetration loss model at 825 MHz and 3500 MHz at residential buildings in rural areas based on the approach reported from the COST-231 penetration model for the NLoS scenario. To be specific, this model is composed of external wall loss (W) and indoor room loss (βd), where W is obtained at different locations in different locations, =0.6dB/m and d=2m. Considering the fitted measurement of W in various locations and carrier frequencies, we can derive the expression of total O2I penetration loss for rural scenario as
PLpenetration(din) = 11.6 + 0.6×din – 5.53×
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Where

· din : uniform random value between [ 0, min(25,d) ] for each link (fully correlated for a certain site, and independent for different sites), d is the distance between UE and TRP.

· 
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 is 1 when the link is in LOS state, otherwise, it is 0.
Proposal 2: Adopt the following model as large scale part of O2I penetration loss model for indoor users in rural scenario:

PLpenetration(din) = 11.6 + 0.6×din – 5.53×
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· din : uniform random value between [ 0, min(25,d) ] for each link (fully correlated for a certain site, and independent for different sites), d is the distance between UE and TRP.

· 
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 is 1 when the link is in LOS state, otherwise, it is 0.
So far, the measurements for indoor large scale parameters and elevation parameters in rural scenario is quite limited, which makes it very difficult to judge whether current models in other scenarios can be reused, or some analytical results can well match the measurements. In order to make an accurate channel model for rural scenario, further measurement campaigns are expected and the missing large scale parameters should be FFS based on these measurements.

Proposal 3: Further study the elevation parameters and fast fading parameters for O2I in rural macro channel model based on measurements.
4 Conclusions
In this paper, we discussed the channel model candidates for rural scenario in NR, and presented the following observations and proposals.
Observation1: Most of methodologies and parameters for rural macro channel model in TR38.900 are based on M.2135/TR 36.873.

Observation2: Few measurements are taken into account for fully reusing rural macro channel model in TR 38.900.

Proposal 1: If extending RMa channel model, the extension should be based on M.2135/TR 36.873 with additional measurement results.
Proposal 2: Adopt the following model as large scale part of O2I penetration loss model for indoor users in rural scenario:

PLpenetration(din) = 11.6 + 0.6×din – 5.53×
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· din : uniform random value between [ 0, min(25,d) ] for each link (fully correlated for a certain site, and independent for different sites), d is the distance between UE and TRP.

· 
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 is 1 when the link is in LOS state, otherwise, it is 0.
Proposal 3: Further study the elevation parameters and fast fading parameters for O2I in rural macro channel model based on measurements.
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