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1.0 Introduction

3GPP SCM model [1] has been used in system simulation. It models the physical propagation
environment using paths and sub-paths with randomly specified angles, delays, phases, and mean
powers. The mathematical MIMO channel for simulation is then derived after defining the antenna
configuration and array orientation at both MS and BS. Time-variation is realized after defining MS
travel direction and speed. Other ray-based channel models include SCME (extension of SCM to
>5MHz) and WINNER [4]. The ray-based geometrical models are powerful since they can reproduce
truthfully the randomness as observed in measurement campaigns. But there are a few undesirable
characteristics for simulation purpose:

e It may be computationally more expensive to generate the actual channel from the ray-based
geometrical models in system simulation, as compared to the conventional tap-delayed-line
(TDL) model with fixed power delay profile and a Jakes Doppler profile. This is due to the needs
of summing all the rays with different delay, amplitude, and phase to generate each channel tap.

e SCM was defined for system level simulation more than for link level simulation. In a system
level simulation, people may want to use link-level performance results that are obtained under a
non-SCM link model. For example, simple spatial extension of the GSM TU channels and ITU
Ped-A/B and Veh-A/B channels are still widely used or in legacy results.

e SCM defines some second order statistics as random variable (e.g., angular spread, delay spread,
etc.), which may require longer simulation to get convergence (i.e., run time concern)

The proposal is a simpler system-level model that is modified from SCM but directly generates a
mathematical MIMO channel for each point-to-point link. The link-level model can be built upon any
pre-selected conventional SISO TDL model. A per-tap spatial correlation is then derived in closed-form
based on predefined geometrical parameter (e.g., a fixed angular spread, antenna orientation, etc.) and
the antenna configuration (spacing, cross-polarization, etc.). The sub-path concepts defined in SCM
may be used, but just as one of the options for deriving the closed-form spatial correlation matrix, rather
than for deriving the MIMO channel coefficients. The methodology used to extend a conventional TDL
model to MIMO link-level model is the same as used to derive the MIMO link model for WiIMAX
Forum’s RCT MIMO test [2][3].

2.0 Generation of Correlation Matrices

Step 1: Determine various distance and orientation parameters.
The placement of the MS with respect to each BS is to be determined according to the cell layout.
From this placement, the distance between the MS and the BS (d) and the LOS directions with
respect to the BS and MS (655 and 6,5 , respectively) can be determined. Note that 655 and

0,5 are defined relative to the broadside directions. The MS antenna array orientations ( Qs ), are
i.1.d., drawn from a uniform 0 to 360 degree distribution. (see figure below)
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Step 2: Calculate the bulk path loss associated with the BS to MS distance.
A few pathloss models may be considered depending on operating frequency, such as Hata suburban,
Erceg, etc. For example in SCM, the macrocell pathloss is based on the modified COST231 Hata
urban propagation model:

PL[dB]=(44.9-6.55log,, h )log,,( 0)+45.5+

d

100
(35.46-1.1h . )log,(f,)~13.82log,, () +0.7h, +C

where h, is the BS antenna height in meters, h,, the MS antenna height in meters, f. the carrier

frequency in MHz, d is the distance between the BS and MS in meters, and C is a constant factor (C
= 0dB for suburban macro and C = 3dB for urban macro). Setting these parameters to h,,=32m,

h,,=1.5m,and f,=1900MHz, the pathlosses for suburban and urban macro environments become,
respectively, PL=31.5+35log,,(d) and PL =34.5+35log,,(d). The distance d is required to be at
least 35m.

Step 3: Determine the Shadowing Factor (SF).
It is randomly generated from a log-normal distribution with a pre-specified standard deviation value.
If desired, SF can be generated together with the BS angular spread (ASgs) as described in appendix-

1, after enforcing a certain intra-site correlation between SF and AS, and an inter-site correlation of
SFs.

Step 4: Choose a well-defined power-delay-profile (PDP) (e.g., GSM TU/HT, ITU Ped-A/B, Veh-A/B)
with a specified number of taps (N), their average powers (Pn,, n=1...N) and delays

(*n n=1...N).
It is also possible to use a user-defined PDP. For system with a bandwidth of more than SMHz, a
PDP with a larger number of taps may be considered (e.g., SCME is a simple extension of SCM to
handle this case).
Average powers are normalized so that the total average power for all paths is equal to one:

P

_ n

P
Zn:l Pn
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Step 5: Determine, for each path, the mean “AOD,”” (Angle-of-Departure at BS) and the mean “AOA,”
(Angle-of Arrival at MS).
For the N departure paths, their mean AOD, are determined as
AOD, =0,;, AOD, =0, +5, n=2..N
where first path (path with 7, =0) is assigned with a mean AOD1=6; (i.e., LOS direction) and the
rest of paths deviate from the LOS direction by some random values d,, where ,, are ordered in
increasing absolute value so that |52| < |5 3| <. < |5 N| and they are re-ordered from the random
realizations of
8, ~M0,0%) . N=2...N,
where o, =1, AS,, with ASgs being the angular spread of the composite signal with all N paths (as

opposed to the per-path ASgs, patn) and the value ras is given in Table 1 (The table could be expanded
to accommodate various PDP. Other values “ras ” can be defined for different PDPs).

Table 1: Value of r,g

PDP |TU |PB | VA
Mas 1.51 ] 1.78 | 1.94

The quantity r,5 describes the distribution of powers in angle, i.e. the spread of angles to the power
weighted angle spread. A value of r,g greater than “1” indicates that there is more power being
concentrated in paths that have a smaller AoD. r,4 is pre-calculated based on the per-path angular
spread ASgs, path and the PDP pre-defined in Step 4. When r,5 and ASgs path are chosen properly, the

resulting AS of the composite signal should satisfy the mean value of ASgs for the pre-specified PDP.
The per-path AS can be chosen as (the choice of “2/5” for per-path AS is to simply try to make the
overall AS as close to the desired value as possible)

2
ASBS,Palh = g ASgs

where in the simplest model we can define a fixed value for ASgs (e.g., 2-degree, 5-degree, 15-
degree), but it can also be generated randomly together with the Shadowing Factor (SF) as described
in Appendix-1.

For the N arrival paths, their mean AOA, are determined as
AOA, =0,, AOA =0,,+®, n=2.N
where first path (path with 7, =0) is assigned with a mean AOA; = 6 ¢ (i.e., LOS direction) and the

rest of paths deviate from the LOS direction by some random values @,. @, (in degrees) are random
realizations of the following Gaussian variables

@, ~n0,6%,,)., N=2..N,
where o, . = 104.12(1-exp(-0.2175

specified in Step 4. Note that a uniform power angular profile over [0,360] degree will result in an
angular spread of 104.12 degree (i.e., the value at P =1). The per-path AOAs are taken from

10log,, (P, )|)) and P’ is the mean power of the nth path

n,AoA

Gaussian distributions with different variances that are specified according to the average path
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power of each path, and there is no need to order the values. The per-path angular spread ASys, path 1S
set as 35 degrees in SCM.

To compute the final ASgs and ASys of the composite signal, refer to Appendix-2. If the value is not
desirable, for example, for link level simulation purpose, a value as close to the specified value ASgs
(or ASyis) as possible may be desired, this step can be repeated until a satisfactory value is obtained.

Step 6: Calculate the per-path spatial correlation matrix based on per-path ASgs path, ASwms, path, AODp,
AOA,, and BS/MS antenna configurations (broadside direction, number and spacing of antennas,
polarization., etc.)

Once the per-path AS, mean AOA, and mean AOD are defined, the theoretical spatial correlation at
both BS and MS can be derived, assuming Laplacian power angular distribution. In particular, the
antenna spatial correlations between the p-th and g-th antenna at the BS and MS, respectively, are

I . 2zd .
les(P.Q) = J p(a)exp{jTBS(p—q)sm(AODn +a)}da

.27

s (B @) = | p(ﬂ)exp{J

d
/1“”5 (p—q)sin(AOA, +ﬂ)}dﬂ

where dgs (dyvs) is the antenna spacing at BS (MS) and A is the wavelength. « is the angular offset
around the mean AOD at BS, and £ is the angular offset around the mean AOA at MS. The pdf of
angular offsets is

\/EASBS,Path ASBS,Path

1 V214
p(ﬂ) - \/EASMS,Pa’[h exp{ ASMS,Path }

The above integration can be computed with two approaches (other alternatives may also exist). See
appendix-3 for details. In summary, the first approach is to approximate the Laplacian PDF with 20
subpaths, after which the integration is reduced to a summation. The second approach is to pre-
compute the integration using a numerical method. Since the integration depends on mean AOA and
AOD, it is possible to quantize them and then pre-compute the integration for each quantized AOA
and AOD values.

Denoting the spatial correlation matrix at BS and MS as Rgs, and Rys pn, the per-path spatial
correlation is determined as
R, =Ry, ® R,  (Kronecker product)

In the case that the antenna elements are cross-polarization antennas, the per-path channel
correlation is determined as
R, =R, OT QR

where T 'is a cross-polarization matrix defined in Appendix-4.
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Step 8: Determine the antenna gains of the BS and MS paths as a function of their respective AoDs and

AoAs. Calculate the per-path average power with BS/MS antenna gain as
Pn“ = Pn *Ggs (AOD,) * Gy (AOA,)

Step 9: Generate time-variant MIMO channels with above-defined per-tap spatial correlations.

For each tap, generate MgsxMs i.1.d. channels first assuming Jakes Doppler spectrum Hjiq (each tap
is a MgsxMys matrix).

Compute the correlated channel at each tap as
H, =unvec{R)*vec(H;,)

where vec(H) denotes the column-wise stacking of matrix H and unvec is the reverse operation. Rn
denotes the square-root of matrix R.

172

Step 10: If a non-zero K-factor wants to be enforced (i.e., K#0), adjust the LOS path power

This step is not needed if a K-factor wants to be enforced (see Appendix-5)

Step 11: Introduce receive antenna gain imbalance or coupling, if need.

See Appendix-6.

3.0 Reference
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TG%20RCT_271206.doc

“MIMO Extension of ITU Models for RCT”, Presentation to TWG/RCT,
http://www.wimaxforum.org/apps/org/workgroup/twg/document.php?document _id=11517

“IST-2003-507581 WINNER: Final Report on Link Level and System Level Channel Models, D5.4 v. 1.4”, WINNER
project report

Appendix-1: Correlation of Angular Spread and Shadowing Factor
Assuming correlation between AS and SF (both are log-normal distributed), randomly determine the AS
and SF for the dth base station (d =1 ... D) as in the following with respect to a given mobile user:

Gasq =107 (SASBd + HAs)
Sspa =10 (0sy74/10)
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where g = E(log;o(c4s)) is the logarithmic mean of the distribution of AS (pre-defined), and

€5 = \/E [10g1o(0is,n)} — 2 is the logarithmic standard deviation of the distribution of AS (pre-defined).

ogy 1S the shadow fading standard deviation given in dB (pre-defined). B,, and v, are generated together

by:
|:ﬁn:| |:C11 C12:||:Wnl:| 0 O |:§1:|
= -
Vn Co Cy [ Wy 0 \/? &
where the two correlated Gaussian random variables are in turn respectively generated from independent
Gaussian random variables w,,; and w,, , as well as two global (applicable to all bases) independent

Gaussian random variables &, &, . The matrix C with elements ¢j; multiplying the W’s is given by

{7

where the superscript “/2” denotes the matrix square root. The intra-site correlation between SF and AS
is p,p = -0.6 and inter-site SF correlation is ¢=0.5 in SCM.

Appendix-2: Calculation of Circular Angular Spread

The following derivation of the angular spread assumes that each multipath further contains M sub-paths.
The creation of subpath is to approximate the power angular distribution (Laplacian for example) with a
finite number of points. With the introduction of subpath, the AS of the overall signal can be more easily
computed as, for a signal with N multi-paths

where Pn,m is the power for the mth subpath of the nth path, 6, ,, , is defined as

2n+(9n,m —He) if (en,m _He)<—75
O mu = (en,m - He) if|9n,m - He| <n,
2n_(en,m —!Je) if(en,m —u9)> T
u, is defined as

and 6, is the AoA (or AoD) of the mth subpath of the nth path. Note that we have dropped the AoA

(AoD) subscript for convenience.
We note that the angle spread should be independent of a linear shift in the AoAs. In other words, by
replacing 6, ,, with 6, ,, + A, the angle spread o 45(A) which is now a function of A should actually be
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constant no matter what A is. However, due to the ambiguity of the modulo 2r operation, this may not
be the case. Therefore the angle spread should be the minimum of & ,5(A) over all A:

N M
Z Z (en,m,u (A))Z : Pn,m

n=1 m=1

N M
Z Pn,m

n=1m=1

O4s = MING 45(A) =
A

where 0, . () is defined as
27+ (0, (A) = 1o (A) i (6, (A)— 1p(4)) < —x
O mu (A) = 4 (0, (4) — 1o () if |0, (A) - o (A] < 7
27— (0, (8) = 1o (A) i (0, (A)— 1(4) >

1e(A) is defined as
N

po () = 22

M=

en,m (A) ! Pn,m

3

P,

n,m

M=
M=

=1 1

3
3
i

and 0, ,(A)=6,, +A.

Note that when the angular spread is small, the angular spread computed conventionally and the circular
angular spread often give the same value.

Appendix-3: Spatial Correlation Calculation
In order to compute the integration defined in step 6, two methods can be considered here:

Method-1: Using 20 subpaths to approximate the Laplacian PDF

For each path, generate 20 subpaths with some angular offsets from the per-path AOD, and AOA,. The
angular offsets of the k-th (k=1..20) subpath are determined by (the offsets are the same for all paths)
Vies = A ASes pan
Vims = A, ASMS,Path
where the values of A, are given in Error! Reference source not found..
Table 2: Value of A,

Sub-path number k A,
1,2 +0.0447°
34 +0.1413°
5,6 + 0.2492°
7,8 +0.3715°
9,10 +0.5129°
11,12 +0.6797°
13,14 + 0.8844°
15,16 + 1.1481°
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17,18 + 1.5195°
19,20 + 2.1551°

Derive the antenna spatial correlation at the BS and MS between the p-th and g-th antenna as:

1 & 27d g .
rn,Bs(p,q)=%Zexp == (P~ Q)sin(AOD, +¥/z5)
k=1

1 & . 2xd .
rows (P,Q) = %Zexp{ J TMS( p—Qq)sin(AOA, + v, s )}
k=1

where dgs (dyvs) is the antenna spacing at BS (MS) and A is the wavelength.
Method-2:Pre-compute the correlation values with quantized AOA, AOD

Pre-calculate the BS spatial correlation matrices for a set of AOD e {—90",—80",---,0",- --,80°,90°} and the
MS spatial correlation matrices for a set of AOAe {—90°,—80°,--~,O°,~-,80°,90°}

©

. 27d .
Rys (M, P, ) = | p(a)exp{:%(p—q)sm(AOD[m]w)}da

—0

. ord .
Rys (M, p,a) = | p(ﬁ)exp{l 2”1“”5 (p—q)sm(AOA[m]+ﬁ)}dﬁ

—0

where m is the quantization step index, «, £ are the angular offset at BS and MS, respectively
with Laplacian PDF as defined in step-6.

For each path, determine the index mgg corresponding to AODy,,

3 { AOD,
BS 10
and the index m,,s corresponding to AOA,
_| ACA,
MS 10

The spatial correlation matrix for this path is then

Mes (p,q) = RBS (mBS , P,0)
rn,Ms ( p, Q) = RMS (mMS > P, CI)

Appendix-4: Polarized Antenna

Correlation between polarized antennas results from the cross polarization power ratio (XPR). The
polarization matrix is given by:

where vV denotes vertical and h horizontal polarization, the first index denoting the polarization at BS and
the second the polarization at MS. In the ITU scenarios we assume -8 dB per-tap power ratio between
vertical-to-horizontal and vertical-to-vertical polarisations (also Ppy/Pnn =-8dB). This results in the
following mean power per polarization components

10
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E

‘ 2

0dB=

S

toul'l-
E{svh\z} ~8dB =0.1585
\ =E{s.['}=-8dB=0.1585

Py = E{shh\z}: 0dB=1
If the MS polarizations are assumed to be vertical and horizontal, but the BS polarizations are slant +45°

and -45°. The MS and BS polarization matrices Pys and Pgs respectively are rotation matrices, which
map vertical and horizontal polarizations to MS and BS antenna polarizations.

1 0
PMs:()1

P—lll
BS_\/EI—I

The total channel is the matrix product of the BS polarization, the channel polarization, and the MS

polarization:
Q_P SP _ 1 |:SW+Shv Svh+shh:|
— *BS MS —
\/5 Sw —Sh Suh — Shn
The covariance matrix of the channel is

r= E{vec(Q) -vec(Q)" }

v

w T Shy )(Svh ~ S )
Sw ™ Shy )(Svh ~ S
(Svh + Sth )(Svh ~Sth
(Svh ~ S )(Svh S

(8w Sn NS S0 )" (S + 8 NSwy =50 )’
l (Sw o Shv)( + Shv) (va Shy )( Sw ™ Shy )*
2 (Svh + Shn )(S * Sy )* (Sv * Sth )(S ~Shy )*
(Svh ~ S )(S * Sy ) (Svh S )( Shv)

*

(va + Shy )(Svh + Shh)
(va Shy )(Svh + Sp )
(Sv + Sth )(Svh + Shn )
(Svh ~ S )(Svh * Sth )*

=E

*

)
)
Y
)

PwtPr  Pw=Pn 0 0

_l Pw=Pnw  PwtPh 0 0
2 0 0 PutPun PP
0 0 Pw=Pum Pt Pmn

Here the property of uncorrelated fading between different elements in S (i.e. E{s Sy } 0, ik, j=l)

has been used to simplify the expressions. When all of the diagonal elements are equal, the covariance
matrix can be further normalised to correlation matrix:

I » O 0

y 1 0 0
RMIMO: 0 0 1 _y

0 0 —y 1

Value of ydepends only on XPR. With different orientations of MS and BS antenna polarizations, also
the covariance matrix structure will be different.

11
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Appendix-5: LOS Option with a K-factor
A single-tap MIMO channel can be added to the TDL channels in this case and then modify the time-
domain channels as:

\/ ! Hn+\/LHLOS n = 1(first tap)
H = K+1 K+1

' [1
—H, Nl
where the K-factor is in de¢imal andtht LOS component is defined as, between p-th BS antenna and g-
th MS antenna

H©s (p,q) = expLj Msin(%s )gx expgjwsin(gm )J

where dgs and dys are antenna sﬁacing at the BS and MS, réspectively, assuming uniform linear array in
this case.

Appendix-6: Antenna Gain Imbalance and Coupling

Overall receive correlation matrix is

1 C
, 1 0
H, - c+1 c+1 H,
c 1 0 a
c+1 c+1

Where antenna-1 to antenna-2 coupling coefficient (leakage of ant-1 signal to ant-2) is “c” (linear) and
the antenna-1 and antenna gain ratio is “a” (linear).

12



