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444Characteristics of Wireless Channels
 Main characteristics of wireless channelsThe channel strength varies with time, frequency and
 space
 Large-scale fading:Path loss : a function of distanceShadowing : due to large objects between transmitter and
 receiver
 Small scale fading:Multipath effect : interferences of multiple signal pathsDoppler effect : relative speed between transmitter and the
 receiver
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555Multiple Input Multiple Output Channel
 A multiple input multiple output (MIMO) system with M transmit elements and N receive elements
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666MIMO Channel Model
 For the above MIMO channel, the baseband input-output relationship can be expressed as
 If the signal bandwidth is sufficiently narrow such that the channel can be treated as approximately constant over the operating frequency (frequency flat channel), the corresponding input-output relationship simplifies to
 Where H(t) is a N by M channel impulse response matrix
 Where H is the narrowband MIMO channel matrix( ) ( ) ( ) ( )y t H t s t n t= +
 ( ) ( ) * ( ) ( )y t H t s t n t= +
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777MIMO Channel Modeling
 The modeling of the channel impulse response H(t) or channel matrix H is critical for the simulation of the MIMO communication systems
 Due to insufficient spacing between antenna elements and limited scattering in the environment, the elements of the channel matrix are not always independent
 When modeling the MIMO channels, these effects should be taken into account
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888Model Classification
 Several classifications of the MIMO channel models are given below
 2. Wideband Models vs. Narrowband ModelsWideband Models The wideband models treat the propagation channel as
 frequency selective; different frequency sub-bands have different channel responses
 Narrowband Models The narrowband models assume that the channel has
 frequency non-selective fading and thus the channel has the same response over the entire system bandwidth
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999Model Classification
 1. Field Measurements vs. Scatterer ModelsField Measurements Measure the MIMO channel responses through field
 measurements Some important characteristics of the MIMO channel can
 be obtained by investigating the recorded dataScatterer Models Postulating a model (usually involving distributed
 scatterers) to capture the channel characteristics As long as the constructed scattering environment is
 reasonable, such a model can often capture the essential characteristics of the MIMO channel
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101010Model Classification
 1. Non-physical Models vs. Physical ModelsNon-physical Models The non-physical models are derived from the statistical
 characteristics of the MIMO channel They are easy to simulate but give limited insight to the
 propagation characteristics of the MIMO channelsPhysical Models The physical models choose some crucial physical
 parameters (AOA, AOD, TOA, etc.) to describe the MIMO channels
 Such a model provides reasonable description of the MIMO channel characteristics and the surrounding scattering environment
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111111Non-Physical MIMO Channel Models (I)
 European Union IST METRA (Multi-Element Transmit Receive Antennas) Project [2]
 An indoor measurement campaign carried out in Aalborg, Denmark at a carrier frequency of 2.05 GHz.
 A stochastic model for non-line-of-sight (NLOS) scenarios Based on the power correlation matrix of the MIMO radio
 channel Let M be the number of transmit antennas and N be the number
 of receive antennas. In the proposed wideband model, the MIMO channel without noise is expressed as
 where H(τ) is the NxM matrix of channel impulse responses
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121212METRA MIMO Channel Model
 Hl is the matrix of complex channel coefficients at time delay τl
 Assume
 • Coefficients are zero mean complex Gaussian
 • The same average power pl is assumed for the coefficients
 • Coefficients are independent from one time delay to another
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131313METRA MIMO Channel Model
 The correlation between different pairs of complex transmission coefficients need to be taken into account
 The spatial power correlation coefficients at the transmitter
 The spatial power correlation coefficients at the receiver
 It is claimed that the spatial cross correlation coefficients [1]
 Where
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141414METRA MIMO Channel Model
 In matrix form this can be written as
 Given PH
 vec(Hl) = √pl C al
 al ~ CN(0,I) : MN×1
 [CCT]i,j = [PH]i,j1/2
 pl is determined by the power delay profile
 PH : The power correlation matrix of the MIMO channel PTx
 H : The power correlation matrices seen from the transmitter PRx
 H : The power correlation matrices seen from the receiver ⊗ : The Kronecker product
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151515METRA MIMO Channel Model
 One drawback of the above model is that the phase relationship between transmission coefficients is lost
 So it was suggested in [2] to multiply a phase steering diagonal matrix after the convolution between the MIMO channel impulse response and the transmitted signal
 The received signal without noise can be written as
 where the diagonal elements of provide the average phase shift information relative to the first receive element and is the mean azimuth AOA
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161616Non-Physical MIMO Channel Models (II)
 EU IST SATURN (Smart Antenna Technology in Universal bRoadband wireless Network) Project
 An indoor measurement campaign carried out in Bristol For non-line-of-sight (NLOS) scenarios Based on the first and second order moments of the measured
 data Let M be the number of transmit antennas and N be the number
 of receive antennas It was found [3] that in the typical NLOS scenarios, the channel
 coefficients are zero mean complex Gaussian Furthermore, it was reported that the channel covariance matrix
 can be well approximated by the Kronecker product of the covariance matrices seen from both ends
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171717SATURN MIMO Channel Model
 i.e.
 where hi is the i-th row of H, hj is the j-th column of H and ( )H is complex conjugate transpose
 It is easy to show that
 where G is a stochastic N by M matrix with IID CN(0,1) elements and ( )1/2 denotes any matrix square root such that R1/2(R1/2)H = R
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181818Non-Physical MIMO Channel Models
 Compare METRA Project with SATURN Project It can be seen that the expression in SATURN Project is
 very close to the model in METRA Project
 In SATURN Project, the channel covariance matrix is used instead of the power correlation matrix in METRA Project
 Therefore SATURN Project provides the phase information of the MIMO propagation channel
 The structure in SATURN Project was also discussed in the 3GPP (3rd Generation Partnership Project) meeting
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191919Physical MIMO Channel Models
 One-ring model
 The base station (BS) is not obstructed by local scattering while the mobile station (MS) is surrounded by scatterers
 No line-of-sight (LOS) is assumed between the BS and MS Tp is the pth antenna element at the BS, Rn is the nth antenna
 element at the MS D is the distance between the BS and MS, R is the radius of the
 ring of scatterers
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202020One-Ring MIMO Channel Model
 Denote the effective scatterer on the ring by S(θ) and let θ be the angle between the scatterer and the array at the MS
 In the model, it is assumed that S(θ) is uniformly distributed in θ The phase shift, φ(θ), associated with each scatterer, S(θ) , is
 distributed uniformly over [-π, π) and IID in θ Each ray is further assumed to be reflected only once All rays reach the receive array with the same power
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212121One-Ring MIMO Channel Model
 Suppose there are K effective scatterers S(θk), k = 1,2,…,K distributed on the ring
 The complex channel coefficient between the p-th elements at the BS and n-th element at the MS can be expressed as
 The covariance between Hp,n and Hq,m is given by
 where D XY denotes the distance between X and Y λ is the wavelength

Page 22
                        
                        

222222Two-Ring MIMO Channel Model
 Two-ring model
 The two-ring model assumes that both the BS and MS are surrounded by scatterers
 Each ray is reflected twice This can be the case for indoor wireless communications
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232323Two-Ring MIMO Channel Model
 The channel coefficient for the two-ring model is
 The difficulty in this model is that the signals reflected by the scatterers at the receive side are possibly not independent
 Even if the numbers of scatterers, K1 and K2 go to infinity, the channel coefficient is still not zero mean complex Gaussian
 Therefore, the channel covariance matrix can not completely describe the MIMO channel
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242424Distributed Scattering MIMO Channel Model
 Distributed Scattering model• This narrowband model was proposed to describe outdoor MIMO propagation channels
 • Assume there are M transmit elements and N receive elements
 • Both the transmitter and receiver are obstructed by the surrounding scatterers
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252525MIMO Channel Modeling
 Assume there are S scatterers on both the transmitter and receiver
 The scatterers at the receive side can be seen as a virtual array between the transmitter and receiver
 The MIMO channel transfer function is given by
 1/√S is a normalization factor Gt (S by M) and Gr (N by S) are random matrices with IID zero
 mean complex Gaussian elements Rθt,dt , Rθs,2Dr/S, Rθr,dr are the correlation matrices seen from the
 transmitter, virtual array and receiver respectively
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262626MIMO Channel Modeling
 For uniformly distributed AOAs, the (m,k)th element of the correlation matrix can be expressed as
 Where
 S should be odd
 d is the array element distance
 θi is the AOA of the ith scaterer
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2727273GPP Spatial Channel Model
 3GPP Spatial Channel Model (SCM) From 3GPP TR 25.996 version 6.1.0 Release 6
 The 3GPP SCM is an outdoor channel model for a 5MHz bandwidth CDMA system in the 2GHz band
 It defins three environments (Suburban Macro, Urban Macro, and Urban Micro)
 There is a fixed number of 6 “paths” in every scenario and each is made up of 20 spatially separated “sub-paths”
 Path powers, path delays, and angular properties for both sides of the link are modeled as random variables
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282828SCM MIMO Channel Model
 These 6 multipaths are defined by powers and delays and are chosen randomly according to the channel generation procedure. Each path consists of 20 subpaths
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292929SCM MIMO Channel Model
 SCM for simulations
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303030SCM MIMO Channel Model
 Spatial parameters for the BS and the MSArray topologies
 Antenna spacing MS : the reference element spacing is 0.5λ BS : three values for reference element spacing are defined: 0.5λ, 4λ, and 10λ
 Per-path angle spread (AS) The BS (or MS) per-path angle spread is defined as the root
 mean square (RMS) of angles with which an arriving (or incident) path’s power is received by the BS (or MS) array
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313131SCM MIMO Channel Model
 BS : AS = 2 degrees at AoD 50 degrees AS = 5 degrees at AoD 20 degrees MS : AS = 104 degrees (results from a uniform over 360 degree PAS) AS = 35 degrees for a Laplacian PAS with a certain path specific Angle of Arrival (AoA)
 Per-path AOA/AODBS :
 AoD: 50 degrees (with the RMS AS of 2 degrees) AoD: 20 degrees (with the RMS AS of 5 degrees)
 MS : AOD : -67.5, +67.5, +22.5 degrees (with the RMS AS of 2 degrees)
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323232SCM MIMO Channel Model
 Per-path power azimuth spectrum
 BS : The Power Azimuth Spectrum (PAS) of a path arriving at the base station is assumed to have a Laplacian distribution
 MS : The Laplacian distribution and the Uniform distribution are used to model the per-path PAS at the MS
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333333SCM MIMO Channel Model
 General assumptions and parameters For an S-element BS array and a U-element MS array, the
 channel is given by an U - by- S matrix of complex amplitudes
 Denote the channel matrix for the n-th multipath component (n = 1,…,6) as Hn(t )
 1,1, 1, ,
 ,1, , ,
 ( )n s n
 n
 u n u s n
 h hH t
 h h
 翫Ñ= ∇∇∇
 KM O ML
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343434SCM MIMO Channel Model
 These 6 multipaths are defined by powers and delays and are chosen randomly according to the channel generation procedure. Each path consists of 20 subpaths
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353535SCM MIMO Channel Model
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363636SCM MIMO Channel Model
 Generating channel coefficientsGiven the user parameters generated, we use them to
 generate the channel coefficientsThe (u,s)th component (s = 1,…,S ; u = 1,…,U) of Hn(t ) is
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373737SCM MIMO Channel Model
 Spatial cross-correlation function (CCF) for SCM To calculate the CCF, we use a simplified version of the
 expression hu,s,n(t) by neglecting the shadowing factor σSF and assuming that the antenna gains of each array element GBS(θn,m,AoD) = GMS(θn,m,AoA) = 1
 The normalized complex spatial temporal correlation function between two arbitrary channel coefficients connecting two different sets of antenna elements is defined as
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383838SCM MIMO Channel Model
 Substitution hu,s,n(t) into the coorelation function
 For spatial CCFs, by imposing τ= 0
 where Δds = | ds1- ds2 | and Δdu = | du1 - du2 | denote the relative BS and MS antenna element spacings, respectively
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393939SCM MIMO Channel Model
 Some special cases : i) Δds = 0, results in the spatial CCF observed at the MS
 ii) Δdu = 0, results in the spatial CCF observed at the BS
 Note that the spatial CCF in (6) cannot simply be broken down into themultiplication of a receive term (7) and a transmit term (8). This indicates that the spatial CCF of the 3GPP SCM is in general not separable

Page 40
                        
                        

404040Spatial cross-correlation function (CCF) for SCM
 iii) M ∞, from (6)
 where pus(ψn,AoD ,ψn,AoA) represents the joint probabilitydensity function (PDF) of the AoD and AoA.
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414141Spatial cross-correlation function (CCF) for SCM
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424242SCM MIMO Channel Model
 For temporal ACF, let Δds = 0 and Δdu = 0 in (5)
 Note thatThe comparison of (5), (6), and (12) clearly tells us that the spatial temporal correlation functionρs1u1
 s2u2(Δds , Δdu, τ ) is not simply the product of the spatialCCF ρs1u1
 s2u2(Δds , Δdu) and the temporal ACF r (τ ). Therefore, the spatial temporal correlation of the SCM is in general not separable as well.

Page 43
                        
                        

434343References
 [1] K. Yu and B. Otteresten, “Models for MIMO propagation channel, A reivew,” Wiely Journal on Wireless Communications and Mobile Computing
 [2] K. I. Pedersen, J. B. Andersen, J. P. Kermoal and P. Mogensen,”A stochastic multiple-input-multiple-output radio channel model for evaluation of space-time coding algorithms,” in Proc. IEEE VTC Fall, 2000
 [3] K. Yu, M. Bengtsson, B. Ottersten, D. McNamara, P. Karlsson and M. Beach, “Second order statistics fo NLOS indoor MIMO channels based on 5.2 GHz measurements,” in Proc. IEEE Globecom, Nov. 2001



						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                MIMO channel models

                            

                                                    
                                MIMO Z Channel Interference Management

                            

                                                    
                                Parallel MIMO Multiuser RF Channel Measurements and 

                            

                                                    
                                Wireless MIMO Channel Simulation Package Manual

                            

                                                    
                                MAX2851 5GHz, 5-Channel MIMO Receiver

                            

                                                    
                                Distributed User Scheduling for MIMO-Y Channel

                            

                                                    
                                MIMO Channel Correlation Analysis Part 1: MIMO …richiej/seminar/MU__MIMO_3_28_2014_v0.0.pdfLSR 1 MIMO Channel Correlation Analysis Part 1: MIMO Channel Realizations March 28,2014

                            

                                                    
                                Aashu_real Time Channel Estimation for Mimo Systems

                            

                                                    
                                Parallel Channel Sounder for MIMO Communicationsfuturenetworks.ieee.org/images/files/pdf/TestbedWorkShopOct2017/… · Parallel Channel Sounder for MIMO Communications Wuxiong ZHANG,

                            

                                                    
                                Mimo Channel Estimating

                            

                                                    
                                2x2 MIMO Waterfilling 4x4 MIMO Beamforming · 2009-12-16 · 4x4 and 2x2 MIMO channel gain matrices Single antenna channel gain (SISO) Predicted the channel gain matrices in 5-cm

                            

                                                    
                                CHANNEL PREDICTION TECHNIQUE IN MIMO OFDM SYSTEMS

                            

                                                    
                                Channel Capacity Enhancement Using MIMO

                            

                                                    
                                MIMO Channel Modeling

                            

                                                    
                                MIMO channel model - Molisch

                            

                                                    
                                Intra-Vehicle UWB MIMO Channel Capacity - Oakland …li4/papers/conf/WCNC2012_Deng.pdf · Intra-Vehicle UWB MIMO Channel Capacity . ... high channel capacity in the intra-vehicle

                            

                                                    
                                OPTIMAL CHANNEL FEEDBACK IN FDD MASSIVE MIMO …

                            

                                                    
                                PPt on Mimo Channel Modeling

                            

                                                    
                                5GHz, 4-Channel MIMO Transmitter

                            

                                                    
                                Channel Models for Massive MIMO

                            

                                                    
                                MIMO Channel Modelling - InTech - Opencdn.intechopen.com/pdfs/9747/InTech-Mimo_channel_modelling.pdf · MIMO Channel Modelling 79 2. MIMO channel framework Wireless channels are linear

                            

                                                    
                                Channel capacity enhancement using MIMO Technology

                            

                                                    
                                CHANNEL ESTIMATION IN MIMO WIRELESS ENVIRONMENT

                            

                                                    
                                RF Channel Characterization for 4G MIMO deployment

                            

                                                    
                                Ultra Massive MIMO - 6G Channel

                            

                                                    
                                Assessing a MIMO Channel White Paper

                            

                                                    
                                Blind Channel Estimation for MIMO-OFDM Systemsread.pudn.com/downloads90/doc/comm/345305/Blind... · : BLIND CHANNEL ESTIMATION FOR MIMO-OFDM SYSTEMS 671 channel identiﬁability

                            

                                                    
                                Blind channel estimation for mimo ofdm systems

                            

                                                    
                                Massive MIMO Channel Prediction Using Recurrent Neural 

                            

                                                    
                                Channel Emulation for active characterization of MIMO 

                            

                                                    
                                Upper Bounds on MIMO Channel Capacity with Channel Frobenius Norm Constraints

                            

                                                    
                                MIMO techniques with Channel Estimation Approaches for ...paper.ijcsns.org/07_book/201201/20120120.pdf · MIMO techniques with Channel Estimation Approaches for High ... (MIMO), MIMO-OFDM,

                            

                                                    
                                Channel Estimation on MIMO-OFDM Systems - Inatel

                            

                                                    
                                Massive MIMO Performance with Imperfect Channel ...epubs.surrey.ac.uk/814131/1/Mi_TCOM_TPS_16_0771_R1.pdf1 Massive MIMO Performance with Imperfect Channel Reciprocity and Channel Estimation

                            

                                                    
                                InTech-Mimo Channel Modelling

                            

                        
                    

                                    

            

        

    

















    
        
            
                	About us
	Contact us
	Term
	DMCA
	Privacy Policy



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENT

            

                    

    








    


