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1 Channel Models
The ITU channel model with correlation factor shall be used as the baseline channel 
model for link-level and system-level simulations. The SCM channel model described in 
this section may be used to generate the correlation coefficients and to perform certain 
system-level simulations. The same channel models shall be used for the downlink and 
uplink simulations.

ITU Channel Model
A channel model  corresponds to a specific  number of paths,  path delay and power 
profile  (ITU multi-path models),  and Doppler  frequencies for  the paths.  The tapped-
delay line model defined by the ITU that is used to model fast-fading is characterized by 
the number of taps (or the number of paths), time delay relative to first tap, average 
power relative to the strongest tap, and Doppler spectrum of each tap. 

The tapped delay line model can be represented in the time-domain as

n
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channel coefficient.  All simulations assume that )(thl is a temporally correlated random 
variable with classical (Jakes) Doppler spectrum

otherwise
||

     
0

/1

11
)( 2 d

dd
ff

ffffS

(1.1-2)

Where  df  is  the appropriate  Doppler  rate  for  the subscriber  speed and the carrier 
frequency.

Channel 
Model

Multi-path 
Model

# of Paths Speed (km/h) Fading
Assignment 
Probability

Model A Pedestrian A 4 3 Jakes 0.30

Model B Pedestrian B 6 10 Jakes 0.30

Model C Vehicular A 6 30 Jakes 0.20

Model D Vehicular B 6 120 Jakes 0.10

Model E Single Path 1 0, fD=1.5 Hz
Rician Factor 

K = 10 dB
0.10
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Table 1-1 Channel Models

The  channel  models  are  randomly  assigned  to  the  various  users  according  to  the 
probabilities of  Table 1-1 at the beginning of each drop and are not changed for the 
duration of that drop. The assignment probabilities given in Table 1-1 are interpreted as 
the percentage of users with that channel model in each sector. 

Each multipath model (Pedestrian A/B, Vehicular A/B) is characterized in terms of the 
total number of paths, together with actual power-delay profile of the multipath channel. 
For each multipath model, the power on all paths shall be normalized so that the total 
power adds up to one. 

Model # Paths 1 2 3 4 5 6
Ped-A 4 0 -9.7 -19.2 -22.8
Ped-B 6 0 -0.9 -4.9 -8.0 -7.8 -23.9
Veh-A 6 0 -1.0 -9.0 -10.0 -15.0 -20.0
Veh-B 6 0 -2.5 -12.8 -10.0 -25.2 -16.0

Table 1-2 Relative Power of each Multipath Model (in dB)

Model # Paths 1 2 3 4 5 6
Ped-A 4 0 110 190 410
Ped B 6 0 200 800 1200 2300 3700
Veh-A 6 0 310 710 1090 1730 2510
Veh-B 6 0 300 8900 12900 17100 20000

Table 1-3 Delay of each Multipath Model (in ns)

The channel between the serving sector(s) and the subscriber is modeled using the 
multipath profiles defined above.  The channel between any interfering sector and the 
subscriber is modeled as a one-path Rayleigh fading channel, where the Doppler of the 
fading  process  is  randomly  chosen  based  on  the  velocities  and  its  corresponding 
probabilities specified in Table 1-1.

The tapped-delay line parameters of these channel models are further summarized in 
and Table 1-5.  Note that the power values in the tables need to be normalized so that 
they sum to unit power (0 dB).

Tap
Channel Ped-A 

nsrms 45
Channel Ped-B 

nsrms 750

Doppler 

 
and 10 km/h

Delay (ns) Power (dB) Delay (ns) Power (dB) Jakes
1 0 0 0 0 Jakes
2 110 -9.7 200 -0.9 Jakes
3 190 -19.2 800 -4.9 Jakes
4 410 -22.8 1200 -8.0 Jakes
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5 - - 2300 -7.8 Jakes
6 - - 3700 -23.9 Jakes

Table 1-4: Outdoor to indoor and pedestrian test environment channel impulse response

Tap
Channel Veh-A

( nsrms 370 )

Channel Veh-B

( nsrms 4000 )

Doppler

Delay (ns) Power (dB) Delay (ns) Power (dB) Jakes
1 0 0 0 0 Jakes
2 310 -1.0 300 -2.5 Jakes
3 710 -9.0 8900 -12.8 Jakes
4 1090 -10.0 12900 -10.0 Jakes
5 1730 -15.0 17100 -25.2 Jakes
6 2510 -20.0 20000 -16.0 Jakes

Table 1-5: Vehicular test environment channel impulse response

ITU Model with Correlation Factor
This  MIMO  channel  model  is  a  stochastic  channel  model  for  MIMO  systems  that 
extends the SISO channel model to the MIMO case by utilizing transmit and receive 
spatial  correlation  matrices.  Let  M and N be the  number  of  TX and  RX antennas, 
respectively,  and let  RTX,  of  dimensions MxM, and  RRX,  of  dimensions NxN, be the 
correlation matrices at the transmit and receive side, respectively. If H denotes the NXM 
discrete-time MIMO channel impulse response matrix between the transmitter and the 
receiver with entries Hn,m expressing the channel impulse response between transmit 
antenna m, m=1..M, and receive antenna n, n=1..N, then the elements jiR ,Tx ][ , i,j=1..M, 
of the MxM spatial correlation matrix RTX are defined according to

jlilji HHR ,,,Tx ,][           (1.1-3)   
                                             

where  jlil HH ,, , calculates  the  correlation  coefficient  between  Hl,i and  Hl,j and  is 
independent of l, l=1..N, i.e., of the receive antennas at the MS. The elements of the 
NxN correlation matrix RRx are defined similarly. 

Since  the  correlation  coefficients  between  any  two  channel  impulse  responses 
connecting  two  different  sets  of  antennas  can  be expressed as  the  product  of  the 
correlation coefficients at the transmit and the receive antennas (see [21] for a detailed 
proof), the spatial correlation matrix of the MIMO channel matrix H can be expressed as 
the Kronecker product of the spatial correlation matrices at the transmit and receive 
side:
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Rx
*T
RxTx

*T
TxTxMIMO CCCCRRR Rx 1.1-4)

where CTx and CRx represent the Cholesky decomposition of RTx and RRx, respectively. 

This  property  of  the  MIMO  channel  matrix  H means  that  the  effects  of  multipath 
propagation  and mobility  can be modeled  by  generating  MxN uncorrelated  channel 
impulse responses, each according to the ITU SISO power delay profile (PDP) and the 
desired model for including the impact of mobility, e.g., use of the Doppler spectrum, 
and then for each multipath component w, w=1..W, determine the MIMO channel matrix 
according to

(1.1-5)

where  Hun,w,  w=1..W,  denotes  the  NxM  MIMO  channel  matrix  created  by  the  N.M 
uncorrelated channel impulse responses at delay w, w=1..W. 

Although  the  correlation  matrix  of  each  multipath  component  may  be  selected 
independently  depending  on  the  propagation  environment,  a  more  straightforward 
approach is used here that selects all correlation matrices to be the same. In the case of 
uniformly  spaced  antenna  elements,  the  correlation  matrices  can  be  selected  as 
Hermitian Toeplitz and determined by a single correlation factor ρ, with their first row 
being equal to [1 ρ ρ2 … ρK-1] and K being equal to M or N. As an example for the 2x2 
MIMO case of RTx and RRx, can be chosen as 

(1.1-6)

where ρ and µ are the complex correlation factors at the transmit BS and receive MS 
side, respectively. 

Letting ρ and µ take values within [0, 1] for the amplitude and [0, 2π] for the phase, 
enables the investigation of the influence of different propagation environments on the 
MIMO performance, e.g., in line-of-sight (LOS) links, ρ and µ in (4) can be chosen to 
have amplitudes close to 1. As a final remark regarding the practical parameters of the 
described MIMO channel model, the ITU power delay profiles and the Doppler spectrum 
according to [24] are employed, while ρ and µ take values within [0, 1] for the amplitude 
and [0, 2π] for the phase.

 Channel Models Based on SCM

Channel Model for System-Level Simulations
The spatial channel model (SCM) may be used for system-level simulations. If SCM 
channel model is utilized, the urban macro-cellular environment should be used and the 
parameters of Table 1-6 should be used for configuring the model.

Channel Scenario Urban Macro
Number of paths (N) 6

Number of sub-paths (M) per-path 20
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Mean AS at BS E( AS )=15 deg
AS at BS as a lognormal RV

( )10 ^ , ~ (0,1)AS AS ASx x= +s e m h
15deg

AS = 1.18, AS = 0.210

ASAoDASr / 1.3
Per-path AS at BS (Fixed) 2 deg

BS per-path AoD Distribution standard 
distribution ),0( 2

AoD where ASASAoD r
Mean AS at MS E( AS, MS)=68 deg

Per-path AS at MS (fixed) 35 deg
MS Per-path AoA Distribution (Pr)),0( 2

AoA

Delay spread as a lognormal RV
( )10 ^ , ~ (0,1)DS DS DSx x= +s e m h

DS = -6.18
DS = 0.18

Mean total RMS Delay Spread E( DS )=0.65 s

DSdelaysDSr / 1.7

Lognormal shadowing standard deviation, SF 8.9dB
Path loss model (dB), d is in meters 28.6 + 35log10(d)

Table 1-6 Macro-cellular Environment Parameters

The velocity profile is shown in Table 1-7.  Because of the choice of urban macrocell, 
velocities are biased towards pedestrian speeds.

Percentage Velocity (km/h)
35% 3
30% 30
20% 60
15% 120

Table 1-7 Quantized Velocity Profile

The RF carrier  frequency for  all  link-level  and system-level  simulations shall  be 2.5 
GHz.

Channel Model for Link-Level Simulations
As mentioned earlier, for link-level simulations, spatially extended ITU profiles shall be 
used.

ITU Model Velocity (km/h)
AWGN 0
Ped-A 3
Ped-B {3,30}
Veh-A {30,120,250}
Veh-B {30,120,250}

Table 1-8: ITU Profiles for Link Level Simulations

Channel Scenario Urban Macro-Cellular
AS at BS AS = 150

Per-path AS at BS (Fixed) 2 deg

8
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AS at MS AS, MS= 680

Per-path AS at MS (fixed) 350

AoDs As specified in Table 1-10
AoAs As specified in Table 1-10

Table 1-9 ITU Profiles Spatial Extension Parameters

Path Power Path AOD (rad) Path AoA (rad)

Ped-A

0.889345301 0.346314033 1.737577272
0.095295066 -0.05257642 -1.55645
0.010692282 -1.817837659 -1.049078459
0.00466735 -0.836999548 0.345571431

Ped-B

0.405688403 -0.13638548 1.319340881
0.329755914 0.302249557 -0.119072067
0.131278194 0.496051618 0.901442565
0.064297279 0.544719913 -1.424448314
0.067327516 0.212670549 -3.062670939
0.001652695 -0.604134536 -1.202289294

Veh-A

0.48500285 -0.46084874 -0.780118399
0.385251458 -0.897480352 -1.729577654
0.061058241 -0.525726742 1.792547973
0.048500285 0.00282531 1.776985779
0.015337137 -1.016095677 1.386034573
0.004850029 0.245512493 3.50389557

Veh-B

Table 1-10 Path Power, AoD, AoA

The  fading  coefficient  generation  will  be  the  one  described  on  section  5.3  of  the 
3GPP2/3GPP SCM.
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