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Introduction
In RAN#102, a new SID was approved on Channel Modelling Enhancements for 7-24 GHz for NR [1]. In RAN1#116bis, channel model validation for 7~24 GHz was discussed with agreements listed in [2] . In this contribution, the overview of channel model for validation and details are provided.
Discussion on channel model for validation for 7-24 GHz
Overview 
In TR 38.901 [3], the channel model has been defined to properly model and evaluate the performance of physical layer techniques for frequencies from 0.5 GHz up to 100 GHz. For example, as listed in Table 6.3.1 [3] , for the typical scenario, e.g. UMi, UMa, Indoor, O2I, sufficient measurement results within/around the frequency range (7-24 GHz) have been provided according to the existing definition and setup for the scenario when the TR38.901 is developed. While for RMa scenario, the model and parameters are only applicable for frequency below 7 GHz, the potential extension of the model for this scenario highly depends on the necessity to deploy the FR3 base stations in RMa scenario. 
Observation 1: Sufficient measurement results have been provided for the typical scenarios, e.g. UMi, UMa, Indoor, O2I scenarios.
Then, regarding the modelling parameters as mentioned in the above agreement, given the situation that the modelling methods defined in the technical report are generally applicable over the range 0.5-100 GHz, the channel model validation can only focus on the exceptional parameter or scenario that is lack of measurement results, rather than generally validating all the parameters and scenarios. Regarding how to determine the exceptional parameters that need to be validated, the decision should be made based on the criteria that significant deviation between the existing model and newly proposed channel is observed. More specifically, deviation can be investigated and quantized by comparing the results following the principle and procedure below:
	[bookmark: _Hlk166076292]Principle for deviation justification: 
· To ensure the consistency over frequency and considering the impact of previous sources over certain frequency, the new inputs should be utilized jointly with the existing results in TR 38.901 below 7 GHz and above 24 GHz to fit an updated curve from 0.5 to 100 GHz
Procedure for model comparison for certain parameter: 
· Option-1: Direct comparison between the existing model and new results
In this way, the direct comparison between the new samples with the value range, e.g., generated by the existing model is conducted. If the new value is within the existing model, no update is needed.
· Option-2: Comparison between the existing model and new fitted model
In this way, the comparison between two models are conducted with following steps:
· Step-1: For parameter X, generate the 1st set of samples according to the existing model in TR 38.901;
· Step-2: For parameter X, collect the 2nd set of samples according to the new measurement/simulation;
· Step-3: For parameter X, provide the new model based on both set-1 and set-2 jointly;
· Step-4: For parameter X, if the value range generated by existing model and new model obtained in Step-3 is overlapped, no update is needed.


Proposal 1: The following methodology can be considered to evaluate the deviation between measurement results and existing results:
	Principle for deviation justification: 
· To ensure the consistency over frequency and considering the impact of previous sources over certain frequency, the new inputs should be utilized jointly with the existing results in TR 38.901 below 7 GHz and above 24 GHz to fit an updated curve from 0.5 to 100 GHz
Procedure for model comparison for certain parameter: 
· Option-1: Direct comparison between the existing model and new results
In this way, the direct comparison between the new samples with the value range, e.g., generated by the existing model is conducted. If the new value is within the existing model, no update is needed.
· Option-2: Comparison between the existing model and new fitted model
In this way, the comparison between two models are conducted with following steps:
· Step-1: For parameter X, generate the 1st set of samples according to the existing model in TR 38.901;
· Step-2: For parameter X, collect the 2nd set of samples according to the new measurement/simulation;
· Step-3: For parameter X, provide the new model based on both set-1 and set-2 jointly;
· Step-4: For parameter X, if the value range generated by existing model and new model obtained in Step-3 is overlapped, no update is needed.


Discussion on the existing modeling parameters
Parameters not needed for updates
Pathloss
The pathloss models and their applicability are summarized in Table 7.4.1-1 in TR 38.901, and the distance definitions are illustrated in Figure 1~2.
	
	

	Figure 1: Definition of d2D and d3D 
for outdoor UTs
	Figure 2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 


For InH-Office scenario, the typical height of the ceiling in a room is limited to 3m to 5m, then the BS height can be set as 1m to 5m. Above height range is not much different from the current fixed BS height 3m in InH-Office. Increasing or reducing the BS height may still lead to a similar propagation environment. So no additional BS height is needed to be considered.




In TR 38.901, for UMi and UMa scenarios, the pathloss is derived with assuming a fixed BS height and a configurable UE height. In UMi, , ; In UMa, , . The typical heights of the most buildings in UMi and UMa scenarios are usually between 10m to 150m. The current BS height and UE height using in TR 38.901 can be utilized to derive the most typical channel characteristics of UMi and UMa scenarios. Even introducing more BS heights, it is not foreseeable that the prorogation environment will undergo significant changes. We are also open to the company providing more measurement results.
Proposal 2: For UMi, UMa and InH-Office scenarios, no additional extension of the channel model, e.g., including new BS height, is needed.
LOS probability
For the LoS probability, it’s determined by the distribution of the building in the environment along with the location of BS and UE, which is reflected by the probability in current TR 38.901, e.g., the LOS probability is derived with assuming a fixed BS antenna height for UMi (10m), UMa (25m) and indoor (3m). Then, similar to the discussion for pathloss, if new deployment scenario or new typical BS height is considered, the LOS probability should be changed accordingly. In addition, LOS probability is frequency independent, and only BS-UE distance, BS/UE height and propagation scenario need to be considered in its determination. Since no additional BS height combination is needed as analyzed above, no validation is needed for the frequency range from 7 to 24 GHz.
Proposal 3：No need to update the LOS probability since no additional BS height is required.
Penetration loss
When radio-wave signals pass through large obstacles (such as external walls, cars, etc.), penetration losses will occur. The equations for calculating penetration losses for various materials at different frequencies are given in Table 7.4.3.1 in TR 38.901.
Table 7.4.3.1: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz


ITU-R P.2040-3 [4] presents methods, equations, and values used to calculate real relative permittivity (), conductivity (), and complex relative permittivity () at the frequencies up to 100 GHz for common building materials. The values a, b, c and d given in Table 3 in ITU-R P.2040-3 are used to obtain the above electromagnetic parameters. Then the attenuation of an electromagnetic wave through the materials can be estimated based on real relative permittivity, conductivity, complex relative permittivity and the thickness of the materials. 
Table 3: Material properties
[image: ]
In Figure 3(a)(b)(c), we provide the simulation results of penetration losses for concrete, wood and glass at the frequency range from 6 GHz to 24 GHz. The incident wave is assumed to be perpendicular to the external walls of above three materials. Several typical thicknesses for each material are chosen for validation. The results show that the material penetration losses at 6~24 GHz based on the equation provided in Table 7.4.3-1 of TR 38.901 match well with the estimated results by electromagnetic calculation. For all the above three materials, the curves of penetration losses in Table 7.4.3-1 are distributed among the curves of penetration losses with different thicknesses obtained by electromagnetic calculation. Figure 3(d) shows the comparison between penetration losses in Table 7.4.3-1 and the estimated results for each material with a single thickness by electromagnetic calculation.
[image: ][image: ]
(a) Penetration loss for concrete                                         (b) Penetration loss for wood
[image: ][image: ]
(c) Penetration loss for glass                                            (d) Validation of penetration loss
Figure 3: Penetration loss for concrete, wood and glass
Proposal 4: No need to update the material penetration losses for the frequency range 7~24 GHz.
Shadow fading
The shadow fading effect is caused by large buildings or other objects blocking the propagation of the radio signals, resulting in a decrease in signal strength in the shaded areas of the objects. This effect is not related to the frequency of the radio signal, but is determined by factors such as the size, shape, and distance between the objects and the receiver. In TR 38.901, the standard variations of shadow fading in each scenario given in Table 7.4.1-1 are constants, and there is no validation needed for the frequency range in 7~24 GHz.
Proposal 5:  No need to update the shadow fading for the frequency range from 7 to 24 GHz since shadow fading effect is independent to the frequency of radio signals.
Spread of parameters
In the existing channel model, a lot of parameters, e.g., DS (delay spread), ZSA (ZOA spread), ASA (AOA spread) and ASD (AOD spread) are modelled in either frequency dependent or independent way. 
· Available measurement data in UMi scenario for 7~24 GHz
According to the results listed in [5, 6], which is from a large number of measurement campaigns conducted by companies and universities for various frequencies up to 100 GHz. Measurement data points for frequencies ranging from 7 to 24 GHz were also included. Figure 4 gives the measurement data points for DS, ASA, ASD and ZSA in UMi scenario in [5, 6], and also illustrates the fitting curves based on these measurement data points.
[image: ][image: ]
[image: ][image: ]
Figure 4: Available measurement data in [5, 6]
Figure 5~8 show the comparison between TR 38.901 and the fitting curves derived from measurement data points in UMi LOS/NLOS scenarios given in [5, 6], e.g., Option-1 mentioned in section 2.1. It can be observed the fitting curves are very close to the curves given by TR 38.901 for 7~24 GHz. Therefore, at least for UMi scenario, no need to update DS/ASA/ASD/ZSA for 7~24 GHz according to above existing measurement results.
[image: ][image: ]
Figure 5: Comparison between 38.901 and the fitting curve for DS in UMi scenario
[image: ][image: ]
Figure 6: Comparison between 38.901 and the fitting curve for ASD in UMi scenario
[image: ][image: ]
Figure 7: Comparison between 38.901 and the fitting curve for ASA in UMi scenario
[image: ][image: ]
Figure 8: Comparison between 38.901 and the fitting curve for ZSA in UMi scenario
Observation 2: For 7~24 GHz, the fitting curves based on the measurement results of delay/angular spread are very close to the curves given by TR 38.901 in UMi LOS/NLOS scenario.
· New channel measurement campaign for Indoor scenario
As part of the validation, i.e., whether the existing trend over frequency is well matched with the new measurement in certain frequency range, a measurement campaign is conducted in a laboratory with dimensions 2.63m*5.44m*3.5m for validating DS at the frequency range from 6 GHz to 10 GHz in Indoor scenarios. Realistic images and modeling sketch of the laboratory including the room size and the Tx/Rx antenna locations are illustrated in Figure 9. 
             [image: tx]                [image: rx]      [image: Figure_3]
(a) Tx side                                         (b)  Rx side                                       (c) Modeling sketch
Figure 9: Realistic images and modeling sketch of the laboratory
After data processing, the measurement results and the comparison to the DS of Indoor-Office LOS/NLOS scenario in TR 38.901 are shown in Figure 10. It can be found that due to the set-up for channel measurement (e.g., the size, location, and material of the objects in the room), although the measured DS have certain differences from the mean value of lgDS in TR 38.901, most of the measured lgDS values are still within the standard deviation range of LOS lgDS in TR 38.901 as Option-1 mentioned in section 2.1. Moreover, for all three Tx antenna configurations, it can be seen that the measured DS exhibits frequency-dependency and decreases with increasing frequency, which is same as in TR 38.901.
[image: DS_diffTxNum]
Figure 10: Measured delay spread in Indoor scenario
Observation 3: At least at the frequency range from 6 GHz to 10 GHz, the measured DS in Indoor scenario is within the standard deviation range and exhibits similar trends as in TR 38.901.
Observation 4: The measurement results of large-scale parameters (e.g., DS) highly depend on the set-up for channel measurement and processing.
Proposal 6:  No need to update delay spread and angular spread for the frequency range from 7 to 24 GHz according to the measurement results for Indoor/UMi scenario.
Foliage/Vegetation loss
Radio-wave signals are also affected by foliage and this effect increases with frequency. The main propagation phenomena involved are: attenuation of the radiation through the foliage, diffraction above/below and sideways around the canopy, and diffuse scattering by the leaves. ITU-R P.833-10 [7] presents models that are applicable to a variety of vegetation types for different path geometries. The models address a frequency range from 30 MHz to 100 GHz, including 7~24 GHz we focused. Figure 11 in ITU-R P.833-10 shows typical values for specific attenuation derived from various measurements in woodland. It can be seen that under the same conditions, the vegetation attenuation increases with the increase of frequency.
[image: ]
Figure 11: Specific attenuation due to woodland
However, the same type of loss should not be counted twice in an integrated channel model. In a stochastic pathloss model, the model is parameterized using measurements in the various scenarios. In the UMa, UMi and RMa cases, foliage loss is generally included into NLOS pathloss measurements as these scenarios often include trees and other vegetation. Thus, in the stochastic pathloss model, the effect of the foliage has been implicitly captured, no need to further model the foliage loss in TR 38. 901.
Proposal 7: No need to separately model foliage loss since the foliage impact has already been considered in the NLOS pathloss model.
Correlation type among TRPs
Multi-TRP technology has been specified in 3GPP specifications, multiple non-co-located TRP can serve the same UE in cooperative wireless network. When the UE served by multiple TRPs moves, the propagation delay from the UE to different TRPs would be changed according to the moving direction and the relative position of each TRP, that is to say, the propagation delays in different BS-UT links are correlated. 
[image: ]
Figure 12: Illustration of the multiple-TRP cases
In TR 38.901 clause 7.6.3, the spatial consistency procedure and parameter generation method are described, however, the propagation characteristics of multi-TPR case cannot be modelled accurately since the cluster delay is defined as site specific parameter, which means that the cluster delays of different BS-UT links are uncorrelated.
According to the characteristics of different cluster specific parameters and ray specific parameters, the following types on spatial consistency are defined:
· Site-specific: parameters for different BS-UT links are uncorrelated, but the parameters for links from co-sited sectors to a UT are correlated.
· All-correlated: BS-UT links are correlated.
Furthermore, in Table 7.6.3.4-1, correlation type for each large-scale parameter, cluster specific parameter and ray specific parameter is clarified. In order to properly model the propagation characteristics, so as to better evaluate the performance of multi-TRP and to further the real deployment, the correlation type of cluster delays in Table 7.6.3.4-1 should be changed to All-correlated.
Table 7.6.3.4-1: Correlation type among TRPs
	Parameters
	Correlation type

	Delays
	Site-specific  All-correlated

	Cluster powers
	Site-specific

	AOA/ZOA/AOD/ZOD offset
	Site-specific

	AOA/ZOA/AOD/ZOD sign
	Site-specific

	Random coupling
	Site-specific

	XPR
	Site-specific

	Initial random phase
	Site-specific

	LOS/NLOS states
	Site-specific

	Blockage (Model A)
	All-correlated

	O2I penetration loss
	All-correlated

	Indoor distance
	All-correlated

	Indoor states
	All-correlated


Proposal 8: To properly model the multi-TRP case, the correlation type of delays in Table 7.6.3.4-1 should be changed from “Site-specific” to “All-correlated”.
Discussion on the potential new aspects
Sub-urban macro scenario
In RAN1#116bis, a new scenario, i.e. Sub-urban Macro scenario (SMa), was proposed by companies to reflect suburban environments in cities. As clarified by companies, compared to UMa scenario, the buildings in SMa have much lower height, approximately 2 or 3 floors, but the buildings have higher density than the buildings in RMa, so SMa scenario can be regarded as a scenario between UMa and RMa.
In Figure 13, a simple map, with 600m*550m area, is drawn in ray tracing simulation to preliminarily study the channel property of SMa scenario, and in different simulation attempts, the base station is dropped in each of the locations highlighted with red circles, where the antenna height considers 21m and 10m. The height of buildings in the area varies from 5m to 7m with 2 or 3 floors, the distance between adjacent buildings is from 15m to 50m as shown in the figure, UEs are dropped uniformly in the area with antenna height 1.5m. The carrier frequency for RT simulation is 7GHz.
[image: ]
Figure 13: Map of SMa scenario in RT simulation
· BS antenna height 10m
[image: fit_BS10_7GHz_LOS][image: fit_BS10_7GHz_NLOS]
Figure 14: Pathloss results in 7 GHz for LoS UEs (left) and NLoS UEs (right) with BS antenna height 10m
· BS antenna height 21m
[image: fit_BS21_7GHz_LOS][image: fit_BS21_7GHz_NLOS]
	Figure 15: Pathloss results in 7 GHz for LoS UEs (left) and NLoS UEs (right) with BS antenna height 21m	
According to the RT simulation results above, regarding the pathloss: 
· For LoS UEs: With BS antenna height 10m and 21m, the pathloss of SMa scenario can well match the pathloss model of UMa scenario in TR 38.901. It means that existing model in UMa can be reused to emulate the propagation. 
· For NLoS UEs: The deviation range of UMa NLoS (Blue color) is based on the shadow fading as in TR 38.901, while the deviation range of SMa NLoS refers to the maximum deviation of pathloss among all NLoS UEs at each area in RT simulation. Although there is a gap between the mean value of SMa pathloss and UMa pathloss, the deviation range of pathloss of SMa scenario is overlapped with the deviation range of pathloss model of UMa scenario in TR 38.901. It means that the impact of building layout on the path loss can be partially compensated by the shadow fading in existing model.
[image: Pro_LOS_BS10_1_2][image: Pro_LOS_BS21_1_2]
Figure 16: LoS probability of SMa scenario with BS antenna height 10ms (left) and 21m (right) 
According to the RT simulation results above, regarding the LoS probability:  The LoS probability is determined by the assumed layout of the propagation environment, e.g., height of BS and building density.
· 
For the SMa with similar BS height as building height: As the results shown in Figure 16, in which the the SMa LOS probability curve is fitted with the formula  according to the LOS probability model in RT 38.901, it can be found if we assume that the BS is located with the similar height of building, i.e., 10m, the LoS probability of SMa scenario is more aligned with the LoS probability of UMa scenario by assuming the BS height as 25m. 
· For the SMa with higher BS height than building height: When BS antenna height is 21m, e.g., much higher than the building height in the defined layout, the LoS probability of SMa scenario is much larger than the LoS probability of UMa scenario, e.g. approximately 30% larger in 150m distance. The reason behind is that the average height of the proposed building height is much lower than UMa, which will lead to the less “shadowing” region. 
Thus, according to the results mentioned above, it’s clear that before introducing the new scenario, the detailed assumption on the environment layout (e.g., the building height and density) and others (e.g., BS location (e.g. on building roof or high tower) and antenna height) should be well aligned.
Observation 5: In case of LoS UEs, the pathloss of SMa scenario can well match the pathloss model of UMa in TR 38.901.
Observation 6: In case of NLoS UEs, the pathloss of SMa scenario is smaller than the pathloss model of UMa in TR 38.901, but the deviation range is still within the range of UMa pathloss considering the impact of shadow fading.
Observation 7: The LoS probability varies significantly with different BS antenna height:
· For the case that BS antenna height is 10m, the LoS probability of SMa scenario is more aligned with the LoS probability of UMa scenario
· For the case that BS antenna height is 21m, the LoS probability of SMa scenario is much larger than the LoS probability of UMa scenario.
Proposal 9: RAN1 to clarify the characteristics of SMa scenario, e.g. building height, building density, BS antenna height, scenario area. 
Cluster structure
In existing channel model, some basic assumptions on the channel structure are inherent from the WINNER II channel model, e.g., the envelop of the power delay profile, the distribution of the PAS, which have impacts on the procedure for channel realizations in TR 38.901. Additionally, the concept of the cluster with fixed number ray within one cluster (i.e., 20) is also introduced to emulate the power spectrum in each domain (e.g., delay, angular), e.g., the delay and power for different clusters are randomly generated from a distribution, and each ray within a cluster except the two strongest clusters has equal power and delay. The angular characteristic, e.g. AOA, AOD, ZOA, is different for each ray within a cluster, so that the composite of amplitude and phase for the rays could well reflect the propagation characteristic of the cluster, thus multiple clusters could reflect the multi-path characteristics. 
In the previous discussion, some ideas, e.g., as following, to update the results assumption or introducing new parameter to shape the distribution are proposed 
· Number of rays per cluster is a frequency dependent parameter
· The rays in a cluster have different power and delay
· Intra-cluster K factor
However, in current TR 38.901, it should be noticed that the design of rays is not to model independent transmit path, instead, the multiple rays are used to model the fading characteristic of the cluster. The powers and angles of rays within a cluster are used together to approximate the Laplacian angular power distribution with the method of equal area (MEA), i.e. each ray has unequal distance of angle and equal power. If unequal powers are considered for the rays, it’s actually another method of approximation, i.e.  the method of equal distance (MED), each ray has equal distance of angle and unequal power, which has already been discussed in the academic paper but not adopted by 3GPP channel model. In addition, the change of number of rays would only impact the fitting accuracy of the phase and amplitude of cluster, the smaller number of rays would lead to lower accuracy of the emulated spectrum from mathematical perspective.
Moreover, under current channel model structure, the effective number of the cluster will be also varied after the path selection, i.e., since clusters with less than -25 dB power will be removed compared to the maximum cluster power. In this way, the channel sparsity modelling can also be realized in the channel simulation. 
Proposal 10: The updates of existing cluster structure is deprioritized.
Conclusion
In this contribution, we provide our analysis and proposals for Channel model validation of TR38.901 for 7-24 GHz。
Observation 1: Sufficient measurement results have been provided for the typical scenarios, e.g. UMi, UMa, Indoor, O2I scenarios.
Observation 2: For 7~24 GHz, the fitting curves based on the measurement results of delay/angular spread are very close to the curves given by TR 38.901 in UMi LOS/NLOS scenario.
Observation 3: At least at the frequency range from 6 GHz to 10 GHz, the measured DS in Indoor scenario is within the standard deviation range and exhibits similar trends as in TR 38.901.
Observation 4: The measurement results of large-scale parameters (e.g., DS) highly depend on the set-up for channel measurement and processing.
Observation 5: In case of LoS UEs, the pathloss of SMa scenario can well match the pathloss model of UMa in TR 38.901.
Observation 6: In case of NLoS UEs, the pathloss of SMa scenario is smaller than the pathloss model of UMa in TR 38.901, but the deviation range is still within the range of UMa pathloss considering the impact of shadow fading.
Observation 7: The LoS probability varies significantly with different BS antenna height:
· For the case that BS antenna height is 10m, the LoS probability of SMa scenario is more aligned with the LoS probability of UMa scenario
· For the case that BS antenna height is 21m, the LoS probability of SMa scenario is much larger than the LoS probability of UMa scenario.

Proposal 1: The following methodology can be considered to evaluate the deviation between measurement results and existing results:
	Principle for deviation justification: 
· To ensure the consistency over frequency and considering the impact of previous sources over certain frequency, the new inputs should be utilized jointly with the existing results in TR 38.901 below 7 GHz and above 24 GHz to fit an updated curve from 0.5 to 100 GHz
Procedure for model comparison for certain parameter: 
· Option-1: Direct comparison between the existing model and new results
In this way, the direct comparison between the new samples with the value range, e.g., generated by the existing model is conducted. If the new value is within the existing model, no update is needed.
· Option-2: Comparison between the existing model and new fitted model
In this way, the comparison between two models are conducted with following steps:
· Step-1: For parameter X, generate the 1st set of samples according to the existing model in TR 38.901;
· Step-2: For parameter X, collect the 2nd set of samples according to the new measurement/simulation;
· Step-3: For parameter X, provide the new model based on both set-1 and set-2 jointly;
· Step-4: For parameter X, if the value range generated by existing model and new model obtained in Step-3 is overlapped, no update is needed.


Proposal 2: For UMi, UMa and InH-Office scenarios, no additional extension of the channel model, e.g., including new BS height, is needed.
Proposal 3：No need to update the LOS probability since no additional BS height is required.
Proposal 4: No need to update the material penetration losses for the frequency range 7~24 GHz.
Proposal 5:  No need to update the shadow fading for the frequency range from 7 to 24 GHz since shadow fading effect is independent to the frequency of radio signals.
Proposal 6:  No need to update delay spread and angular spread for the frequency range from 7 to 24 GHz according to the measurement results for Indoor/UMi scenario.
Proposal 7: No need to separately model foliage loss since the foliage impact has already been considered in the NLOS pathloss model.
Proposal 8: To properly model the multi-TRP case, the correlation type of delays in Table 7.6.3.4-1 should be changed from “Site-specific” to “All-correlated”.
Proposal 9: RAN1 to clarify the characteristics of SMa scenario, e.g. building height, building density, BS antenna height, scenario area. 
Proposal 10: The updates of existing cluster structure is deprioritized.
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Material class Real part of relative Conductivity Frequency range
permittivity S/m

a b c d GHz
Vacuum (= air) 1 0 0 0 0.001-100
Concrete 524 0 00462 | 07822 1-100
Brick 391 0 0.0238 0.16 1-40
Plasterboard 273 0 0.0085 | 09395 1-100
Wood 199 0 00047 | 10718 0.001-100
Glass 631 ) 00036 | 13394 0.1-100
Glass 579 0 0.0004 1.658 220450
Ceiling board 148 ) 0.0011 1.0750 1-100
Ceiling board 152 0 0.0029 1.029 220-450
Chipboard 258 0 00217 | 07800 1-100
Plywood 271 0 033 0 1-40
Marble 7.074 0 00055 | 09262 1-60
Floorboard 3.66 ) 00044 | 13515 50-100
Metal 1 0 107 0 1-100
Very dry ground 3 ) 0.00015 252 1-10 only
Medium dry ground 15 -0.1 0.035 163 1-10 only
Wet ground 30 —04 0.15 130 1-10 only
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