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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN#102, a new SI on channel modelling enhancements for 7-24 GHz was approved [1]. The corresponding objectives are highlighted as below:
	· Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
· Note: Only stochastic channel model is considered for the validation.
· Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.
· Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation (with consideration being given to consistency between near-field and far-field)
· Spatial non-stationarity
Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.
Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024).



In this contribution, we mainly focus on Single Road Bridge (SRB) case, which is a typical case in urban scenario, and provide our consideration on spatial non-stationarity caused by SRB.
Discussion
In 3GPP TR 38.901, mmWave channel models for urban microcell street canyons, urban macrocell, indoor offices, etc. for frequencies from 0.5 GHz up to 100 GHz are defined [2].
Performance degradation of mmWave due to signal blockage has become one of the critical technical challenges. Road bridges as one of the common obstacles in urban scenarios, which has severe blockage effects on communication links. Thus, we think Single Road Bridge (SRB) need to be considered in the channel modelling for 7-24 GHz.
Structure of single road bridge (SRB)
Road bridge, a bridge spans the road with at least two approach bridges, generally appears in urban scenarios. Figure 1 gives an overview of a real road bridge in the urban scenario. Figure 2 shows the main components of the road bridge.
[image: ]
[bookmark: _Ref165121607]Figure 1 Overview of the road bridge
[image: ]
[bookmark: _Ref165121853]Figure 2 Main components of the road bridge
Based on the above structure of the road bridge, due to the bridge crossing the road, it may cause the blockage effects on communication links. Focusing on this point, some experiments are carried out and a channel model considering the road bridge is proposed in following.
Experiment campaign
General
Firstly, we conduct a series of measurement campaigns in a real road bridge scenario to extract the channel characteristics for verifying the viewpoint of “the structure of road bridge will cause the blockage effects on communication links”. The typical 22 GHz mmWave channel measurements are conducted in urban street with a road bridge. 
· Transmitter (Tx) side
For the transmitter (Tx) side, the measurement system includes: a National Instruments (NI) AT-1212 High-Speed Signal Generator Adapter, generating the baseband signal with a sampling rate of 1.25 GS/s and a bandwidth of 480 MHz; a KEYSIGHT E8267D Vector Signal Generator (VSG), with which the baseband signal can be up-converted and power-amplified; a Radio Frequency (RF) Analog Signal Generator PXIe-5652, providing synchronization reference signals for the aforementioned modules; a Global Positioning System (GPS) Rubidium Clock, providing the synchronization reference signal and the 1 Pulse Per Second (PPS) signal.
· Receiver (Rx) side
The receiver (Rx) side includes the KEYSIGHT M9362A-D01Quad Downconverter; the Signal-Core SC5520A Signal Source module, which can provide a stable local oscillator signal source for the Down-converter; the KEYSIGHT M9352A Hybrid Amplifier/Attenuator and the NI PXIe-5624R IF digitizer (convert the Intermediate Frequency (IF) signal into IQ signal).
The main structure of the time-domain channel sounder and parameters are shown in Figure 3 and Table 1.
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[bookmark: _Ref165121879]Figure 3 Main structure of measurement system
[bookmark: _Ref165122209]Table 1 Measurement parameters
	
	Parameters

	Operation frequency
	22.1-22.4 GHz

	Transmitter power
	37 dBm

	Antenna gain
	21.53 dBi

	Tx height
	6.75 m

	Rx height
	1.9 m

	Bridge length
	27.2 m

	Bridge width
	6 m

	Bridge height
	4.6 m

	Operation frequency
	22.1-22.4 GHz

	Transmitter power
	37 dBm

	Antenna gain
	21.53 dBi

	Tx height
	6.75 m

	Rx height
	1.9 m

	Bridge length
	27.2 m

	Bridge width
	6 m



In order to obtain a comprehensive analysis of the road bridge blockage effect, two measurement campaigns are carried out, one is on a typical urban road with a road bridge (Figure 4 (a)), and another one is on a road that is without a bridge (Figure 4 (b)). In the two measurements, the same system and deployment are used and the environments are similar.
[image: ]   [image: ]
(a)                                          (b)
[bookmark: _Ref165121892]Figure 4 Measurement campaigns in the road bridge scenario, with bridge and without bridge
In the measurement, the Tx is deployed on an electric lift car to achieve a height of 6.75 m above the ground. The distance from the lift car to the road bridge is 21 m. Rx deployed on an sport utility vehicle (SUV) with a height of 1.9 m. The Rx on the SUV moves along the road lane, and the length of the Rx trajectory is around 300 m.
[image: ]
[bookmark: _Ref165121913]Figure 5 Schematic of scenario geometry relationship
Based on the geometric relationships mentioned above, the main lobe of the Tx is pointed to the center of the road at a distance of 150 m from the Tx. Figure 5 shows the locations of the road bridge/Tx/Rx and the directions of transceiver beams. The LOS area (indicated in yellow) and the Non-line-of-sight (NLOS) area (indicated in blue) in the measurement scenario can be predicted. The start point of the NLOS area is about 50 m away from Tx, and the length of the NLOS area is theoretically about 50 m. Then, the channel measurement campaigns are conducted according to the designed scenario deployment and measurement system configuration.
Power extraction 
Then, the received power at Rx can be calculated by superimposing the complex field intensity of each MPC. The received power in the cases of “with/without road bridges” are shown in Figure 6. Compared with the received power in the “without a road bridge” case, the maximum extra propagation loss of up to 23 dB is caused due to the blockage of the bridge.
[image: ]
[bookmark: _Ref165121924]Figure 6 Received power in the cases of “with/without road bridge”
Observation 1: The structure of road bridge will cause the blockage effects and extra propagation loss on received power.
Based on the measurement, consistent with the area predicted in Figure 5, the NLOS area occurs at a distance of 50 m from the Tx. The length of the NLOS area is around 50 m. By averaging samples at intervals of 0.54 m (40λ), the small-scale fading [3] can be separated from the received power and is shown in Figure 7.
[image: ]      [image: ]
(a) The case of “with road bridge”         (b) The case of “without road bridge”
[bookmark: _Ref165121966]Figure 7 Small-scale fading
Based on measurement results, relevant propagation characteristic parameters such as fading depth (FD) and extra propagation loss due to road bridge blockage can be extracted. The results are shown in Table 2.
[bookmark: _Ref165122222]Table 2 The fading depth results
	Fading depth (FD)
	Parameter 
	With bridge
	Without bridge

	
	1%
	-4.89 dB
	-2.17 dB

	
	50%
	0.13 dB
	0.03 dB

	
	FD
	5.02 dB
	2.20 dB

	
	Max. fading value
	-8.16 dB
	-6.80 dB

	
	Max. FD
	8.29 dB
	6.83 dB



Observation 2: The results of fading depth indicate that the blockage of a road bridge seriously affect the communication quality.
Considering the channel modeling work, we extract the path loss from the measurement data as well. Figure 8 shows the path loss in cases of “with/without road bridges”. The predicted results after combining the UMi and Deygout models [4] are compared with the measurement results.
[image: ]
[bookmark: _Ref165121976]Figure 8 Path loss in cases of “with/without road bridges”
Observation 3: Existing propagation models cannot work well for urban street scenario with road bridges. For example, the “UMi+Deygout model” predicts results that are higher than the actual path loss.
Based on the above observation, channel modelling for the SRB case are discussed in the following sections.
Channel modeling
Parameters
According to the structure of SRB and measurement, we draw the scenario diagram of the Rx driving through the road bridge shown in Figure 9. The height of the Tx, Rx, and road bridge to the ground are represented with HTx, HRx, and HBr, respectively. The thickness of the bridge is TBr, the length of the bridge is lBr, and the distance from the bridge to Tx is dTxBr. The horizontal distance between Tx and Rx is dTxRx.
[image: ]
[bookmark: _Ref165121987]Figure 9 Parameters and situation definition in SRB model
Because of the blockage effects of the road bridge, Figure 9 (b) and (c) give the division of each area under different positional relationships, i.e., areas A-D.
Propagation mechanism areas definition
As mentioned above, areas A-D are caused and divided based on the positional relationship of Tx, Rx and the bridge. As Rx gradually approaches, drives through, and moves away from the road bridge, it will experience the procedure from LOS to entering the space under the bridge, then becoming NLOS, and finally to the recovery of the LOS between Tx and Rx. Since Tx, Rx, and bridge under different positional relationships will have different propagation mechanisms, the whole procedure needs to be divided into different areas. Table 3 summarizes and the situation characteristics and the definition of these areas.
[bookmark: _Ref165122230]Table 3 Propagation mechanism areas definition in SRB model
	
	Characteristics

	A
	· LOS between the Tx and Rx is still maintained despite the Rx being in the confined area under the bridge.
· LOS and little scattered MPCs from road surfaces and bridges dominate the propagation.

	B
	· LOS between Tx and Rx is still maintained even when the Rx has driven through the road bridge.
· Compared to area A, Rx is in an open space and more MPCs from the environment can arrive at the Rx.

	C
	· Due to the existence of the road bridge, the LOS between Tx and Rx is blocked, despite the Rx has driven through the road bridge.
· Only the scattered and diffracted MPCs from the scenario dominate the propagation.

	D
	· In urban vehicular communication scenarios, this situation only occurs when the Tx is deployed very near the road bridge. Thus, the situation where area D occurs is defined as the “Near distance situation”. 
· In this situation, the Rx is under the road bridge, but the LOS is blocked by the bridge. The MPCs from the environment dominate the propagation.
· In both situations, area A and area C are the same. The difference is that area B in the “Far distance situation” is replaced by area D in the “Near distance situation”.



[image: ]
[bookmark: _Ref165122165]Figure 10 Propagation mechanisms in SRB Model
In the following SRB model, propagation mechanisms are divided into two sub-cases, shown in Figure 10. When the blockage influence of the bridge is not considered, LOS and reflection dominate the multipath propagation (case 1). When the bridge is regarded as a solid obstacle, and diffraction is the main propagation mechanism (case 2). Then different weighting coefficients α and β are assigned to these two situations respectively, and the final results can be calculated by combining the weighted results.
Proposal 1: LOS area and NLOS area due to the effect of road bridge can be determined based on the geometric relationships.
Proposal 2: For SRB channel modelling, propagation areas can be divided into different parts, where LOS, reflection and diffraction will have different proportions.
SRB Model
Combining the factors mentioned above, the propagation loss calculated from SRB model can be expressed as

,
where αi and βi represent the regression weight coefficients for each area, i.e., areas A-D.
·  can be calculated by the existing propagation model (UMi model) [2] as:

.
·  can be calculated by the multi-edge diffraction model (Deygout model) [5, 6].
· For the Deygout model
The final diffraction loss Ldif of the Deygout model is calculated by combining the following three diffraction losses in linear domain: first is identifying the main obstacle (HK1) with the Fresnel parameter v1 and effective height H1; then is the subobstacle (HK2) between the Tx and the HK1 with v2 and effective height H2, and the subobstacle (HK3) between the HK1 and the Rx with v3 and effective height H3. The expression is as following

,


where and here, the knife-edge correction factor, γ is 0.35, i.e.,.


where d1, d2, d3, and d4 represent the distance between Tx and HK2, HK2 and HK1, HK1 and HK3, as well as HK3 and Rx, respectively. The wavenumber in vacuum is represented with k. To eliminate the overestimates of the diffraction loss in Deygout model, the Causebrook correction factor [7] can be utilized to calculate the final diffraction loss (LDeygout):

.
According to the description above, SRB model can be summarized as the sum of path loss calculated from UMi model and the extra propagation loss (diffraction) calculated from Deygout model with different weight coefficients.

,
where αi and βi represent the regression weight coefficients for each area, i.e., areas A-D.
The following section will give the SRB model parameter extraction results and the comparison between SRB and the existing models. 
Based on the definition in Table 3, the PL of the “Far/Near distance situation” are shown in Figure 11 and Figure 12. Then, the SRB model, the UMi model, and UMi+Deygout model are utilized to predict PL of different areas for both cases, respectively.
[image: ]
[bookmark: _Ref165122175]Figure 11 Comparisons on the PL between the measurement result and different models for “Far distance situation”
[image: ]
[bookmark: _Ref165122181]Figure 12 Comparisons on the PL between the simulation result and different models for “Near distance situation”
To verify the accuracy of the SRB model, the weight coefficients of different areas in the “Far/Near distance situation” and comparison of the MAE, standard deviation (Std), and root mean square error (RMSE) between the different prediction models and the measurement/simulation data can be found in [8]. The results of the MAE indicate that the SRB model can more accurately characterize the blockage effect of road bridges, shown in Table 4.
[bookmark: _Ref165122247]Table 4 SRB model parameters extraction and the comparison results between different models
	Situation
	αA
	αB
	αC

	Far distance
	0.95
	0.75
	0.43

	Model
	MAE (dB)
	Std (dB)
	RMSE (dB)

	UMi
	7.75
	7.56
	8.78

	UMi+Deygout
	12.97
	9.53
	15.98

	SRB
	4.13
	4.83
	4.91

	Situation
	αA
	αD
	αC

	Near distance
	0.95
	0.42
	0.44

	Model
	MAE (dB)
	Std (dB)
	RMSE (dB)

	UMi
	8.76
	6.25
	10.43

	UMi+Deygout
	8.82
	6.62
	10.72

	SRB
	2.66
	4.04
	4.03



Proposal 3: Considering the blockage effect of road bridge, the path loss computation can be updated as

,
where αi and βi represent the regression weight coefficients for each area, i.e., areas A-D. And areas A-D are divided based on the different proportions of LOS, reflection and diffraction components caused by the obstruction of the bridge.
Conclusions
In this contribution, the SRB model is proposed based on channel measurement results in a typical urban scenarios as an effective supplementation of 3GPP TR 38.901, and we have the following proposals:
Observation 1: The structure of road bridge will cause the blockage effects and extra propagation loss on received power.
Observation 2: The results of fading depth indicate that the blockage of a road bridge seriously affect the communication quality.
Observation 3: Existing propagation models cannot work well for urban street scenario with road bridges. For example, the “UMi+Deygout model” predicts results that are higher than the actual path loss.
Proposal 1: LOS area and NLOS area due to the effect of road bridge can be determined based on the geometric relationships.
Proposal 2: For SRB channel modelling, propagation areas can be divided into different parts, where LOS, reflection and diffraction will have different proportions.
Proposal 3: Considering the blockage effect of road bridge, the path loss computation can be updated as

,
where αi and βi represent the regression weight coefficients for each area, i.e., areas A-D. And areas A-D are divided based on the different proportions of LOS, reflection and diffraction components caused by the obstruction of the bridge.
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