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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: OLE_LINK32][bookmark: OLE_LINK33]At the RAN1#84 meeting, it was proposed jointly by 10 companies in [1] that a list of additional features should be reflected in the new channel model. Then it was merged into the WF on channel methodologies [2] which was co-sourced and supported by 27 companies. It was accepted as a working assumption [3]. And also in [4], WF for the requirements on the channel model for this SI has been agreed. In both [3] and [4], it has been agreed that large bandwidth should be supported by the new model for 5G evaluation. 
For the 3GPP 3D channel model in [5], it is applied to bandwidth up to 100 MHz. Take the parameters of LSP are illustrated in Table 1 for instance. For 5G channel model, it should be applicable for frequency range up to 100 GHz. The bandwidth should be supported by the new model and should be possibly up to 10% of carrier frequency, take 70 GHz as an example, up to 7 GHz. Then the 3GPP 3D channel model will be challenged to support such a huge bandwidth. It is necessary to investigate the bandwidth dependency of channel characteristics for frequency range up to 100 GHz. 
[bookmark: _Ref421869718]Table 1. LSP in 3GPP 3D channel model [5]
	Scenarios
	3D-UMi
	3D-UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I

	Delay spread (DS)
log10([s])
	DS
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-6.62

	
	DS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

	AoD spread (σASD) log10([])
	ASD
	1.20
	1.41
	1.25
	1.15
	1.41
	1.25

	
	ASD
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42

	AoA spread (σASA) log10([])
	ASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76

	
	ASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

	ZoA spread (σZSA) log10([])2)
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43



In this contribution bandwidth dependency for LSP has been investigated by measurement and simulation.
Multiple bandwidth measurement
 Measurement configuration
A multi bandwidths channel sounder system is designed to measure the wide spectrum channel model. A channel sounder system for measurement is demonstrated in Figure 1. The sounder systems are based on a vector network analyzer (VNA), which provides an intermediate frequency (IF) signal and sampling receive IF signal from down converter. 

Figure 1. Channel sounder system 
Both indoor office and outdoor street canyon radio channel have been measured. As shown in Figure 2, the positions of transmitter and receiver for LOS/NLOS are marked in the map for example.

(a) Indoor
[image: ]
(b) Outdoor
Figure 2. Vertical view of indoor and outdoor measurement
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Bandwidth dependency of LSP parameters
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Measurements of both indoor and outdoor channel are applied at different bandwidths. Four typical bandwidths of 200 MHz, 500 MHz, 1 GHz and 2 GHz used in millimeter wave are analyzed to demonstrate the delay-angular domain characteristics in Figure 3. In this figure, data analysis of the joint domain for indoor scenario is illustrated as an example showing bandwidth dependency.  It could be observed that the delay spread shrinks with increasing bandwidth while the angular spread shows little dependency.
Observation 1:  Bandwidth dependency can be observed for LSP when bandwidth goes up to 2GHz.

  
                                          (a) 200MHz                                                      (b) 500MHz
 
                                           (c) 1GHz                                                          (d) 2GHz
Figure 3. Delay-Angular domain analysis for different bandwidth configuration
Bandwidth dependency analysis





Suppose that  measurement data  are used to calculate the delay spread. The corresponding bandwidth is  MHz. First -point IDFT are applied to the frequency-domain data  to obtain the time domain data  as follows:
,                                         
where  is a rectangular window as follows:

.                                             

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the property of discrete Fourier transform,  can also be expressed as

                                                                                       

[bookmark: ZEqnNum147232],                                       



[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]where  and  are IDFT of  and  respectively and  is the circular shift of -point sequence  by  positions to the right.
[bookmark: OLE_LINK39]By substituting the IDFT of 

                               

into Eq. ,  becomes

.                        

Delay spread  are calculated as

,                                         

[bookmark: OLE_LINK42]where  is the mathematical expectation operator and the final result is

[bookmark: ZEqnNum174168].                                                    

 in Eq.  is
,                    


[bookmark: _GoBack]where  denotes complex conjugate. Eq.  shows delay spread  has a close relationship with the bandwidth parameter .
The delay domain is intensely related to frequency domain, thus the parameters in delay domain are bandwidth dependent such as delay spread expressed in (8). And the effect on angular parameters is related to the response at different frequencies and angles. In case of the distribution of response in measurement and utility, the bandwidth dependency of angular domain is not obvious.
Bandwidth dependency model and performance
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]As the complexity of relationship between delay spread and bandwidth, a fitting curve of measurement is proposed to describe the bandwidth dependency model as in (9), while the angular spread is modeled as constant in (10) due to little dependency.  More measurements of multiple bandwidths are introduced to acquire the parameters for bandwidth dependency model. 

                                                (9)
                                                      (10)

Where  means GHz bandwidth.
[image: ]       [image: ]
(a) indoor  							(b) outdoor
Figure 4. Delay spread bandwidth dependency measurement and fitting
[image: ]      [image: ]
(a) indoor  							(b) outdoor
Figure 5. ASA bandwidth dependency measurement and fitting
[image: ]      [image: ]
(a) indoor  							(b) outdoor
Figure 6. ZSA bandwidth dependency measurement and fitting
Based on measurement and theoretical analysis result above, the bandwidth dependency is modeled as in Table 2 to calculate LSP at a certain bandwidth by measurement or ray tracing at other bandwidth. Prediction of parameters at larger bandwidth by means of smaller bandwidth is essentially important for measurement or ray tracing usually limited to small bandwidth. And the parameters might be applicable to various bandwidth due to utility in different countries considering the model in Table 2.
Table 2.Parameters of LSP bandwidth dependency
	Parameters 
	Bandwidth dependent model
	Typical value

	Delay spread(ns)
	

	
@73G indoor LOS

	ASA(degree)
	

	40   @73G indoor LOS

	ZSA(degree)
	
	5     @73G indoor LOS



Observation 2:  Similar feature could be observed for bandwidth dependency for different frequencies. 
Conclusions
Since the spectrum strategy and feasibility in different countries varies around the world in high frequencies,  the bandwidth is not fixed in utility, the bandwidth dependency should be considered for 5G channel model. Based on the results, we have the following observations, 
Observation 1:  Bandwidth dependency can be observed for LSP when bandwidth goes up to 2GHz.
Observation 2:  Similar feature could be observed for bandwidth dependency for different frequencies. 

Therefore, the following proposals are proposed:
Proposal 1: 3GPP 3D model should be further extended to support large bandwidth.

Proposal 2: Bandwidth dependency for LSP could be modeled as proposed in Table 2. And typical values of these parameters of different frequencies need further investigated.
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