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1
Introduction
In the RAN#69, a SID for above 6GHz channel modelling was approved in [1]. As part of the study, an extension on stochastic channel model based on 3D-SCM [2] is considered as a working assumption in RAN1#84 [3]. In this contribution, we address the model of large-scale parameters, such as delay spread, and azimuth angle spread, elevation angle spread for extension of up to 100 GHz frequency. It is also required to analyze the frequency-dependent behavior of the LSPs in the channel model. In this contribution, we will discuss the measurement / ray-tracing data to check the frequency-dependency on LSPs.

2
Modelling of UMi Large-Scale and Small-Scale Parameters
In RAN1#84 the stochastic channel model based on 3D-SCM [2] was agreed as a working assumption. In this section, we propose the extension to model the delay spread, and angular spread parameters to support up to 100 GHz frequency range. In [4], the LSP analysis with more measurement data and the large-scale parameters have been done. In NLOS conditions at frequencies below 6.0 GHz, the RMS delay spread is typically modelled at around 50-500 ns, the RMS azimuth angle spread of departure (from the AP) at around 10-30°, and the RMS azimuth angle spread of arrival (at the UE) at around 50-80° [2]. There are measurements of the delay spread above 6 GHz which indicate somewhat smaller ranges as the frequency increases, and some measurements show the millimeter wave omnidirectional channel to be highly directional in nature. Angular spread above 6 GHz also shows the tendency of frequency-dependency, which is smaller than the changes on delay spread.
The measurement and ray-tracing data is used as summarized in the table I. For fast-fading modeling, ray-tracing based method is useful to extend the sparse empirical datasets and to analyze the channel characteristics for different frequency ranges with same environments. Ray-tracing results provide full information in spatio-temporal domain, which can be extracted to parameterize the double-directional channel model. The large-scale parameters in SSCM are analyzed from many measurement campaign and ray-tracing simulation, which dataset are summarized in Appendix. More details of measurement campaign and the ray-tracing simulation set-up can be found in the Annex of Whitepaper in [4].
Table 1. Dataset of LSP analysis for UMi street-canyon
	Dataset
	Frequency Band (GHz)
	Contributed Data

	Qualcomm
	Near Shopping mall area, NJ, USA
	Measurement
	2.9 / 29 GHz
	DS

	Samsung
	Daejeon, Korea
	Measurement
	28 GHz
	DS / ASD / ASA

	Samsung / KT
	Resort Town,
PyeongChang,
Korea
	Measurement
	28 GHz
	DS / ASD / ASA

	NYU WIRELESS [5], [6]
	NYU Campus,
Manhattan, USA
	Measurement
	28 / 73 GHz
	DS / ASD / ASA

	ETRI
	Daejeon, Korea
	Measurement
	28 / 38 GHz
	DS / ASA / KF Cluster #, DS, ASA

	Ericsson
	Kista, Sweden
	Measurement
	2.44 / 14.8 / 15 / 58.8 GHz
	DS

	Aalto Univ.
	Univ Campus
	Measurement
	5.3 / 15 / 28 / 60 GHz
	DS / ASA / ASD / ZSD / ZSA

	CMCC
	Beijing, China
	Measurement
	3.5 / 6 GHz
	ASD / ASA / ZSD / ZSA / KF / correlation

	Samsung
	Daejeon, Korea
	Ray-tracing
	2.4 / 5 / 10 / 18 / 28 / 38 / 73 GHz
	DS / r_DS
ASD / ASA
ZSD / ZSA
KF
cross-corr
d_corr

	
	Ottawa Downtown, Canada
	Ray-tracing
	2 / 5 / 8 / 10 / 15 / 20 / 25 / 28 / 73 GHz
	

	
	NYU Campus, Manhattan, USA
	Ray-tracing
	2 / 5 / 10 / 18 / 28 / 38 / 73 GHz
	

	Intel
	Rosslyn, VA
	Ray-tracing
	6 / 15 / 28 / 73.5 GHz
	DS / ASD / ASA


The channel parameters in delay and angular domains are extracted from the detected path information. In the SSCM approach, the channel characteristics are represented by correlated large-scale parameters (LSPs), such as delay spread, angular spread, K-factor and shadow fading factor, which is well described in WINNER-like channel model [7]. All LSPs are modeled by a log-normal distribution with common values of the mean μ and standard variation σ. In [2], the LSPs characteristics are described by these common values of log-normal distributions, simply constant model or distance-dependent model. In this work, the new channel model is based on the 3D-SCM approach with same assumptions, and updating the LSP parameter tables by extending frequency up to 100 GHz. Therefore, the frequency dependency of μ and σ is checked if the values can be modeled as a function of frequency or constant over frequency. In delay spread, from the different dataset on measurement and ray-tracing, the linear frequency-dependency over log10(f) is observed. Furthermore, to avoid infinite DS values with the frequency goes to zero, the linear regression over log10(1+f) is applied to derive the all LSP characteristics. Also, the DS values in legacy band are close to the current channel model in 3D-SCM parameters, which also shows the similarity of the LSP characteristics. Some parameters with weak frequency-dependency are simply modeled as constant values by averaging the parameters over different dataset. For further modeling purpose, other available channel parameters for extension of LSP over frequency are described in Appendix, and those derived LSP models are summarized in Table 2 and Table 3.

Table 2. Large-scale parameter models for UMi Street-Canyon

	Scenarios
	UMi Street-Canyon

	
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	DS
	-0.2*log10(1+f) – 7.20
	-0.21*log10(1+f) – 6.88

	
	(DS
	0.39
	0.16*log10(1+f) + 0.29

	AoD spread (σASD) log10([(])
	ASD
	-0.05*log10(1+f) + 1.21
	-0.23*log10(1+f) + 1.53

	
	(ASD
	0.41
	0.11*log10(1+f) + 0.33

	AoA spread (σASA) log10([(])
	ASA
	-0.08*log10(1+f) + 1.73
	-0.08*log10(1+f) + 1.81

	
	(ASA
	0.014*log10(1+f) + 0.28
	0.05*log10(1+f) + 0.3

	ZoA spread (σZSA) log10([(])
	ZSA
	-0.1*log10(1+f) + 0.73
	-0.04*log10(1+f) + 0.92

	
	(ZSA
	-0.04*log10(1+f) + 0.34
	-0.07*log10(1+f) + 0.41

	Delay scaling parameter  r(
	3
	2.1


1. The trend of frequency-dependent on LSP is not observed over all measurement data
Table 3. ZoD model parameters for UMi Street-Canyon

	Scenarios
	UMi Street-Canyon

	
	LOS
	NLOS

	ZoD spread (σZSD)log10([(])
	µZSD
	max[-0.21, -14.8(d2D/1000) + 0.83]
	max[-0.5, -3.1(d2D/1000)+0.2]

	
	(ZSD
	0.35
	0.35

	ZoD offset
	µoffset,ZOD
	0
	-10^{-1.5log10(max(10, d2D))+3.3}


The channel datasets are analyzed in the spatio-temporal domain applying Agglomerative Algorithm [8], for clustering such as delays, angles at the TX and RX side, and the received powers within clusters. Based on the observed clusters in each link, large-scale parameters such as number of clusters and intra-cluster delay spreads and angle spreads are analyzed using the framework in [2], and all parameters are extracted by following the methodologies in [7]. 

The cluster parameters are preliminary derived from some measurement and ray-tracing data, which can be as a preliminary parameters and summarized in Appendix. The ray-tracing data predicts fewer clusters and weak-frequency dependent characteristics. However, the clustering results based on ray-tracing are limited due to some simulation conditions, such as small number of observed path in simulation and the deterministic characteristic of propagation simulation. It is highly required to prove by many measurement campaigns, and the number of cluster and number of rays in 3D-SCM parameters are used as s stating point. Furthermore, in some case it is also required to modify the clustering model to support large BWs and large-sized arrays. It is recommended to keep more study on this.
Table 4. Cluster parameters for UMi Street-Canyon
	Scenarios
	3D-UMi

	
	LOS
	NLOS

	Number of cluster1)
	
	12
	19

	Number of rays per cluster
	
	20
	20

	Cluster DS
	DS
	-12.0*log10(1+f) + 36.6
	11

	Cluster ASD
	ASD
	3
	10

	Cluster ASA
	ASA
	17
	22

	Cluster ZSA
	ZSA
	7
	7

	Cluster SF
	[image: image1.png]Ocr




	5
	3.09*log10(1+f) + 5.72


1. Ray-tracing results show smaller number of clusters, and recommend to study the effect of large BW and arrays. Currently, it is suggested to use the 3GPP 3D number of clusters as a starting point.

The correlation distance parameters are derived from ray-tracing data, which described in Appendix. In the analysis, the results show the similar parameters used in 3D-SCM currently, and there is no reason to change the correlation distance over frequency. It is also similarly observed that the cross-correlation properties are similar to 3D-SCM.
3
Conclusion

Proposal 1: For UMi – Street Canyon, consider the large-scale parameters for DS, ASD, ASA, ZSD, ZSA and ZoD offset model described in Table 2 and Table 3 for above 6 GHz channel model.

Proposal 2: For UMi – Street Canyon, adopt the cluster parameters in Table 4.

Proposal 3: For UMi – Street Canyon, keep the values of correlation distance / cross-correlation parameters on 3GPP 3D-SCM.
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Appendix A:
UMi Large-scale Parameters Model
Table 5.  Delay spread datasets of UMi street canyon
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Table 6.  Angle spread ASD datasets of UMi street canyon
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Table 7.  Angle spread ASA datasets of UMi street-canyon
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Table 8. Angle spread ZSA datasets of UMi street-canyon.
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Table 9. Angle spread ZSD datasets of UMi street-canyon.
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Table 10. Cluster Parameters of UMi street-canyon.
	UMi Street-Canyon
	Ray-tracing
	3GPP

3D-SCM

UMi

	
	Samsung - Ottawa
	

	Frequency [GHz]
	2.0 
	5.0 
	8.0 
	10.0 
	15.0 
	20.0 
	25.0 
	28.0 
	60.0 
	

	Number of Cluster, N
	LoS
	median
	6
	6
	6
	6
	6
	6
	5
	5
	5
	12

	
	NLoS
	median
	5
	6
	6
	5
	5
	5
	5
	5
	5
	19

	Number of rays per cluster, M
	LoS
	median
	4
	4
	4
	4
	4
	4
	4
	4
	4
	20

	
	
	Mean
	4.22
	3.90
	4.03
	4.13
	4.22
	4.16
	4.32
	4.40
	4.33
	

	
	NLoS
	Median
	2
	2
	2
	2
	3
	3
	3
	3
	3
	20

	
	
	Mean
	4.48
	4.53
	4.48
	4.59
	4.62
	4.64
	4.72
	4.71
	4.82
	

	Cluster
DS
	LoS
	median
	31.17
	25.43
	24.96
	24.59
	23.29
	21.44
	21.59
	17.83
	13.87
	

	
	NLoS
	median
	10
	13.58
	13.76
	13.93
	11.48
	10.56
	10.64
	11
	8.04
	

	Cluster
ASD
	LoS
	median
	3.70
	3.88
	3.28
	3.34
	3.50
	3.01
	2.92
	2.89
	2.70
	3

	
	NLoS
	median
	1.87
	2.13
	1.58
	1.79
	1.62
	1.54
	1.76
	1.54
	1.87
	10

	Cluster
ZSA
	LoS
	median
	2.64
	2.58
	2.47
	2.47
	2.62
	2.59
	2.51
	2.51
	2.89
	7

	
	NLoS
	median
	1.55
	1.54
	1.46
	1.54
	1.52
	1.53
	1.48
	1.54
	1.54
	7

	Cluster
SF
	LoS
	std
	5.25
	5.74
	6.03
	6.30
	6.58
	5.66
	3.96
	5.69
	3.76
	3

	
	NLoS
	std
	6.72
	8.36
	8.53
	8.83
	10.03
	9.97
	10.30
	10.47
	10.52
	3


Table 11. Cross-correlation parameters of UMi street-canyon.
	UMi Street-Canyon
	Ray-tracing

	
	Samsung - Daejeon

	Frequency [GHz]
	2.4
	5
	10
	18
	28
	38
	73

	d_corr
	LoS
	SF
	11
	11
	11
	12
	13
	13
	18

	
	
	DS
	14
	13
	13
	12
	12
	12
	12

	
	
	ASA
	17
	16
	16
	16
	16
	16
	16

	
	
	ASD
	30
	30
	30
	30
	30
	30
	30

	
	
	ZSA
	30
	30
	30
	30
	30
	28
	22

	
	
	ZSD
	15
	25
	25
	25
	24
	24
	23

	
	
	KF
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Figure 1.  Delay Spread modeling for parameters of log-normal distributions over frequency
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Figure 2.  Angle Spread/ASD modeling for parameters of log-normal distributions over frequency
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Figure 3.  Angle Spread/ASA modeling for parameters of log-normal distributions over frequency
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Figure 4.  Angle Spread/ZSA modeling for parameters of log-normal distributions over frequency
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