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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116bis meeting, the following agreements were reached on 7-24 GHz channel model validation [1]: 
	Conclusion
· To provide measurement data, and/or simulation results, and/or available publications with measurement information for frequencies 7 to 24 GHz to validate/update the channel model. 
· For frequency continuity of the channel models, Measurement information outside 7 to 24 GHz is also encouraged

Agreement
The following provides list of modelling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
· Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
· Pathloss
· LOS probability
· O-to-I penetration loss
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· ZoA spread (mean, variance)
· ZoD spread (mean, variance)
· ZoD offset
· Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
· Shadow fading
· K factor (mean, variance)
· LSP cross correlations
· Delay scaling parameter
· XPR
· Number of clusters
· Number of rays per cluster
· Cluster delay spread
· Cluster ASD
· Cluster ASA
· Cluster ZSD
· Cluster ZSA
· Per Cluster shadowing
· Correlation distances
· LSP correlation type (e.g. site-specific or all correlated)
· Oxygen absorption
· Correlation distance for spatial consistency
· Blockage region parameters/blocker parameters
· Spatial correlation for blockages
· Material properties for ground reflector model
· Spatial consistency model A/B


Conclusion
RAN1 to continue discussion on the need for new modelling parameters/scenarios and modelling procedure. The following modelling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901 have been identified by companies in RAN1#116bis. At least the following is for further study, but does not imply parameters/scenarios and modelling procedure are required for 7 – 24 GHz frequencies.
· Intra-cluster K factor
· Random power variability in each polarization
· Addition of SMa deployment scenario

Conclusion
· RAN1 to compile measurement/simulation descriptions from companies into a Tdoc to be added as reference to TR38.901.
· Rapporteur to update the Tdoc in each meeting based on inputs from companies.
· Rapporteurs to provide a template for the measurement/simulation descriptions capture to RAN1 #117 for initial review and endorsement.


In this contribution, we introduce our channel measurement campaigns and parameter validation at 6-24GHz. 
2 Channel measurement campaigns at 6-24 GHz 
Measurement campaign at 6.5 GHz
[bookmark: _Hlk161329202]New channel measurement campaigns have been conducted at 6.5 GHz to investigate the propagation characteristics under large antenna array in outdoor environment. The channel measurements are performed by a time-domain sounder. At the Tx side, as shown in Figure 1, the antenna array with 128 elements (32×2 dual-polarized dipoles) is located on the rooftop. At the Rx side, as shown in Figure 2, the cylindrical antenna array with 64 elements is mounted on a cart. Overall, the channel sounding is executed for 8192 pairs of Tx-Rx antenna element at each measurement point. 
[bookmark: _Ref165040384][image: ]                       [image: ]
       Figure 1 128T antenna array at Tx side             Figure 2 64T antenna array at Rx side
[image: ]
[bookmark: _Ref165036701]Figure 3 SJTU outdoor measurement environment
[image: ]
[bookmark: _Ref165036875]Figure 4 Tengfei outdoor measurement environment
Figure 3 shows the measurement environment on the campus of Shanghai Jiao Tong University (SJTU), where the Tx is placed at a height of 23m and the Rx is 1.3m above the ground. Figure 4 shows the measurement environment outside the Tengfei office building, where the Tx is placed at a height of 28m and the Rx is 1.5m above the ground. 
Measurement campaign at 10 GHz
Measurement campaigns have been conducted at 10-10.5GHz with 32×32 virtual planar array at the Tx side and 1×32 linear array at the Rx side. The detailed measurement environments have been introduced in [2]. Figure 5 further illustrates the measurement deployments for indoor and outdoor environments. For indoor measurements, there are 24 LOS and 8 NLOS Rx points, where the ‘direct’ path of NLOS points are blocked by the corridor or the platform. For outdoor measurements, 16 LOS points are located on the road between two buildings and 14 NLOS points are blocked by the DeCai building. 
[image: ][image: ]
(a) Indoor measurement deployment                  (b) Outdoor measurement deployment
[bookmark: _Ref165709463]Figure 5 Measurement deployments
Through high-resolution parameter estimation algorithm, the delay, angle and amplitude of each multipath component (MPC) are extracted from the measured channel response. As shown in Figure 6, the extracted MPCs match the measurement environments well, where the colour of markers represents the relative power of MPCs. For the indoor environment, the direct path as well as the reflected paths from the ground and the left-side concrete wall contribute strong power, and other paths mainly come from the reflections of the glass wall and the ceiling. For the outdoor environment, the power root in the direct path as well as the reflected paths from the ground and the surface of adjacent buildings. 
[image: ]
(a) PAS at indoor LOS Rx1                                       (b) PAS at outdoor LOS Rx7
[bookmark: _Ref165709707]Figure 6 Power angular spectrum (PAS) at measurement points
Measurement campaign at 13 GHz
New channel measurement campaigns have been conducted at 13 GHz to investigate the propagation characteristics under large antenna array in outdoor environments. The channel measurements are performed by a time-domain sounder. At the Tx side, the cross-shaped antenna array with 254 elements is located on the rooftop. At the Rx side, the cylindrical antenna array with 64 elements is mounted on a cart. Overall, the channel sounding is executed for 16256 pairs of Tx-Rx antenna element at each measurement point. The measurement environments and deployments are the same as that of SJTU as described in section 2.1. 
3 Parameters validation at 6-24 GHz
In this section, we validate the channel parameters corresponding to some statistic propagation characteristics to see whether they need to be updated. In order to conduct the validation, the channel parameters given in current 38.901 and obtained from aforementioned measurement campaigns are subsequently compared.
3.1 Fast fading parameters
Figure 7 shows the comparison of fast fading parameters (i.e., DS/ASD/ASA/ZSD/ZSA) at 6.5/10/13 GHz. It can be clearly observed that some measured fast fading parameters are significantly smaller than that in 38.901. For example, under the UMa scenario at 6.5 GHz, the measured DS is approximately 50% and 70% smaller than that in 38.901 for LOS and NLOS case, respectively. Regarding the angular spread, the measured ASA is about 20 degree smaller than that in 38.901 at 6.5/10 GHz. 
[image: C:\Users\l00799013\AppData\Roaming\eSpace_Desktop\UserData\l00799013\imagefiles\BC9C4337-0E0B-4A7A-BC4D-F5ECEAB4CDAC.png] [image: ] [image: C:\Users\l00799013\AppData\Roaming\eSpace_Desktop\UserData\l00799013\imagefiles\7A45AD21-AABA-4CE1-9CDA-098743BAA5F3.png]
(a) CDF of DS @6.5 GHz                (b) CDF of DS @10 GHz                   (c) CDF of DS @13 GHz 
[image: C:\Users\y00649124\AppData\Roaming\eSpace_Desktop\UserData\y00649124\imagefiles\02E35FB5-9A7F-419A-A653-59F6506AD53D.png] [image: ] [image: C:\Users\y00649124\AppData\Roaming\eSpace_Desktop\UserData\y00649124\imagefiles\6BF42CCE-3C5F-4EFA-A23F-9A8D4707226A.png]
(d) CDF of ASD @6.5 GHz              (e) CDF of ASD @10 GHz                 (f) CDF of ASA @6.5 GHz
[image: ] [image: C:\Users\y00223404\AppData\Roaming\eSpace_Desktop\UserData\y00584120\imagefiles\D5AD94A4-6715-4AE6-83E7-9EC34654DF02.png] [image: ] 
(g) CDF of ASA @10 GHz                (h) CDF of ZSD @6.5 GHz                (i) CDF of ZSD @10 GHz 
[image: C:\Users\y00223404\AppData\Roaming\eSpace_Desktop\UserData\y00584120\imagefiles\B7405372-CAF9-4972-AA8A-2D17B61F5E6B.png]   
  (j) CDF of ZSA @6.5 GHz  
[bookmark: _Ref165712655] Figure 7 Comparison of fast fading parameters
The parameterized results based on aforementioned measurement campaigns are further listed in Table 1, where the ones greatly differ from current 38.901 model are highlighted in red. Companies are encouraged to contribute more measurement results to validate the fast fading parameters. 
[bookmark: _Ref165713984]Table 1 Fast fading parameters
	Scenario
	InH @10 GHz
	UMi @10 GHz
	UMa @6.5 GHz

	
	TR 38.901
	Measurement
	TR 38.901
	Measurement
	TR 38.901
	Measurement

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.7
	-7.46
	-7.79
	-7.45
	-7.39
	-7.08
	-7.47
	-7.37
	-7.03
	-6.45
	-7.32
	-7.01

	
	[ns]
	20
	34.7
	16.2
	35.5
	40.7
	83.2
	33.9
	42.7
	93.3
	354.8
	47.9
	97.7

	
	lgDS
	0.18
	0.16
	0.11
	0.07
	0.38
	0.45
	0.28
	0.1
	0.66
	0.39
	0.38
	0.28

	AOD spread (ASD)
lgASD=log10(ASD/1°)
	lgASD
	1.6
	1.62
	1.21
	1.27
	1.16
	1.29
	1.04
	1.14
	1.15
	1.41
	0.82
	1.26

	
	[deg]
	39.8
	41.7
	16.2
	18.6
	14.5
	19.5
	11
	13.8
	14.1
	25.7
	6.6
	18.2

	
	lgASD
	0.18
	0.25
	0.18
	0.14
	0.41
	0.44
	0.2
	0.07
	0.28
	0.28
	0.28
	0.27

	AOA spread (ASA)
lgASA=log10(ASA/1°)
	lgASA
	1.58
	1.75
	1.29
	1.5
	1.65
	1.73
	1.19
	1.37
	1.81
	1.86
	1.67
	1.72

	
	[deg]
	38
	56.2
	19.5
	31.6
	44.7
	53.7
	15.5
	23.4
	64.6
	72.4
	46.8
	52.5

	
	lgASA
	0.24
	0.18
	0.13
	0.23
	0.29
	0.35
	0.13
	0.08
	0.2
	0.11
	0.19
	0.15

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)
	lgZSD
	0.74
	1.08
	0.99
	1.1
	0.11
	-0.11
	0.54
	0.61
	0.54
	0.69
	0.7
	0.78

	
	[deg]
	5.5
	12
	9.8
	12.6
	1.3
	0.8
	3.5
	4.1
	3.5
	4.9
	5
	6

	
	lgZSD
	0.44
	0.36
	0.13
	0.12
	0.35
	0.35
	0.12
	0.09
	0.4
	0.49
	0.33
	0.34

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1°)
	lgZSA
	1.17
	1.23
	N/A
	N/A
	0.63
	0.88
	N/A
	N/A
	0.95
	1.25
	1.08
	1.15

	
	[deg]
	14.8
	17
	N/A
	N/A
	4.3
	7.6
	N/A
	N/A
	8.9
	17.8
	12
	14.1

	
	lgZSA
	0.22
	0.65
	N/A
	N/A
	0.3
	0.34
	N/A
	N/A
	0.16
	0.16
	0.17
	0.12

	Number of clusters
	15
	19
	10
	11
	12
	19
	5
	7
	12
	20
	
	


Observation1: The sparsity characteristics can be observed at least for 6-13 GHz:
· The measured DSs are smaller than that in 3GPP TR 38.901 at 6-13 GHz
· The measured ASDs/ASAs are smaller than that in 3GPP TR 38.901 at 6.5/10 GHz
· The measured numbers of clusters are smaller than that in 3GPP TR 38.901 at 10 GHz
Proposal 1:  At least the following fast fading parameters require updates for 6-24 GHz frequencies: 
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· Number of clusters
4 Conclusions
In this contribution, we introduce our channel measurement campaigns and parameter validation. Following observation and proposal are given:
Observation1: The sparsity characteristics can be observed at least for 6-13 GHz:
· The measured DSs are smaller than that in 3GPP TR 38.901 at 6-13 GHz
· The measured ASDs/ASAs are smaller than that in 3GPP TR 38.901 at 6.5/10 GHz
· The measured numbers of clusters are smaller than that in 3GPP TR 38.901 at 10 GHz
Proposal 1:  At least the following fast fading parameters require updates for 6-24 GHz frequencies: 
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· Number of clusters
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