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1
Introduction
In the RAN1 Channel Model Ad-hoc meeting, the large-scale parameters (LSP) and small-scale parameters (SSP) in UMi Street-canyon environment was discussed. The proposal of LSPs and SSPs in UMi [1] was considered as working-assumption. In this contribution, the LSPs are updated with more contributions presented in RAN1 Channel Model Ad-hoc meeting, moreover, the correlation parameters modeling is investigated.
2
Modelling of Channel Model Parameters in UMi street-canyon
The fast-fading modelling based on both measurement data and ray-tracing data was conducted in [2]. The measurement data was collected in the frequency range between 2.9 GHz and 73 GHz, and the ray-tracing simulation was conducted on frequency range between 2 GHz up to 73 GHz, these dataset is summarized in Appendix A. The proposed modelling of LSPs discussed in [1] was taken from [2], and the frequency-dependent LSP model in [2] was discussed as working assumption in the RAN1 Channel Model Ad-hoc meeting.
New measurement data was presented in the RAN 1 Channel Model Ad-hoc meeting, and these recent data was incorporated in this contribution. The delay spread analysis based on the measurement campaign [3],[4] are included in the LSP modelling, and the models are update in the Table 1 and Appendix B. Furthermore, the parameter modelling on ZSD and ZoD offset is updated in Table 2, which models the effect from the BS height and UE height taken from the weighting term from the 3D-SCM parameter [5] to have a consistent with the current 3GPP model.
Table 1. Large-scale parameter models for UMi Street-Canyon

	Scenarios
	UMi Street-Canyon

	
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	DS
	[-0.24*log10(1+f) – 7.14]
	[-0.24*log10(1+f) – 6.83]

	
	(DS
	0.38
	[0.16*log10(1+f) + 0.28]


1. The trend of frequency-dependent on LSP is not observed over all measurement data
Table 2. 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) + 0.01|hUT-hBS| + 0.83]
	max[-0.5, -3.1(d2D/1000) + 0.01max(hUT-hBS,0) +0.2]

	
	(ZSD
	0.35
	0.35

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


For the remained LSP modelling, K-factor is investigated by the definition of the ratio of ‘dominant path power’ and ‘sum of all other path power’. According to the analysis in UMi street-canyon scenario, the mean and STD of the normal distribution of K-factor was extracted to characterised the parameter. On the analysis on different frequency bands, the weak frequency-dependency of K-factor is observed and the analysis data is summarized in Appendix B. These values are ranged within the similar value of K-factor in 3D-SCM UMi scenario, and the current K-factor parameters in 3D-SCM UMi scenario can be reused.
3
Analysis of Correlation Parameters in UMi street-canyon

The correlation distance of autocorrelation on LSP is investigated, based on the ray-tracing data provided in [2]. Following the methodology described and used in WINNER II channel model, the autocorrelation of LSPs is analyzed on route tracks. In the analysis, several routes are analyzed and these results are summarized in Append C. It are observed that the correlation distance are highly geometry-dependent, and weak frequency-dependent. To average out the geometry-dependency, it is recommended to more data analysis on different route. Instead of analyzing many datasets, the values are scaled to be matched the current 3D-SCM values at 2 GHz to investigate the frequency-dependency of parameters in this study. Then, it is observed that most of the correlation distance has no frequency dependent, except ZSD and ZSA values. These observation is summarized in Table 3 and Appendix C.

Cross-correlation is also investigated with the ray-tracing results following the several routes. Most of parameters in LoS are well matched to the current parameters, and the parameters have similar values in NLoS conditions. Also, the cross-correlation parameters are plotted on the scatter plot on two LSPs in Appendix D, and the trends of the scatter plot and the parameters are almost same on frequency bands with weak frequency dependency. Based on this observation, the cross-correlation parameters can also be adapted from the current 3D-SCM UMi parameters, and the cross-correlation parameters are summarized in Table 4.
Table 3. Correlation distance of autocorrelation LSP for UMi Street-Canyon
	UMi Street-canyon

	Correlation Distance(m)
	LoS
	NLoS

	DS
	7
	10

	ASD
	8
	10

	ASA
	8
	9

	ZSD
	[-3.76*log10(1+f)+11.92]
	10

	ZSA
	[-4.95*log10(1+f)+12.65]
	10

	SF
	10
	13

	KF
	15
	N/A


Table 4. Cross-correlation of LSPs for UMi Street-Canyon
	UMi Street-canyon

	Cross-correlation
	LoS
	NLoS

	ASD vs DS
	0.5 
	0 

	ASA vs DS
	0.8 
	0.4 

	ASA vs SF
	-0.4 
	-0.4 

	ASD vs SF
	-0.5 
	0 

	DS vs SF
	-0.4 
	-0.7 

	ASD vs ASA
	0.4 
	0 

	ASD vs K
	-0.2 
	N/A

	ASA vs K
	-0.3 
	N/A

	DS vs K
	-0.7 
	N/A

	SF vs K
	0.5 
	N/A

	ZSD vs SF
	0 
	0 

	ZSA vs SF
	0 
	0 

	ZSD vs K
	0 
	N/A

	ZSA vs K
	0 
	N/A

	ZSD vs DS
	0 
	-0.5 

	ZSA vs DS
	0.2 
	0 

	ZSD vs ASD
	0.5 
	0.5 

	ZSA vs ASD
	0.3 
	0.5 

	ZSD vs ASA
	0 
	0 

	ZSA vs ASA
	0 
	0.2 

	ZSD vs ZSA
	0 
	0 


4
Conclusion

Proposal 1: For UMi Street canyon, adopt the updated delay spread model in Table 1 and  the updated ZoD model in Table 2 to replace the proposal in [1]
Proposal 2: The current K-factor parameters in 3D-SCM UMi can be reused for UMi Street canyon scenario.
Proposal 3: For UMi Street canyon, adopt the correlation distance parameters in Table 3

Proposal 4: For UMi Street canyon, adopt the cross-correlation parameters in Table 4, which parameters are taken from 3GPP 3D-SCM UMi scenario
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Appendix A:
UMi Dataset for parameter modeling
Table A. 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
	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 / 14 GHz
	DS / 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


Appendix B:
Delay Spread Modeling in UMi street-canyon

Table B-1.  Delay spread datasets of UMi street canyon
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Figure B-1. Analysis on Delay Spread Parameter Model

Table B-2.  K-factor analysis of UMi street canyon
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Appendix C:
Correlation Distance in UMi street-canyon

Table C-1.  K-factor analysis of UMi street canyon
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Table C-2.  K-factor analysis of UMi street canyon conducted by Huawei
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Figure C-1. Analysis on correlation distance of DS and SF
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Figure C-2. Analysis on correlation distance of ASA

Appendix D:
Cross-correlation in UMi street-canyon
Table D-1. Cross-correlation parameters of UMi street-canyon LoS Scenario
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ZSA ASA 0.06 0.19 0.24 0.31 0.23 0
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Table D-2. Cross-correlation parameters of UMi street-canyon NLoS Scenario
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Figure D-1. Analysis on frequency-dependent cross-correlation : Scatter plots of (SF vs DS) at 2.4 GHz, 10 GHz, 28 GHz, and 73 GHz
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