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Abstract

This paper investigates the channel parameter estima-
tion algorithm by using the Space-Alternating Generalized
Expectation-Maximization (SAGE). Two strategies, i.e.,
parallel interference cancelation (PIC) and serial interfer-
ence cancelation (SIC), are implemented and validated in
the simulated SV channel model. Based on the massive
MIMO channel measurement results in an indoor hall sce-
nario in the 6 GHz band, the channel parameters are jointly
extracted. The similar results are obtained by using the SIC
and the PIC, but the SIC demonstrates lower computational
complexity. Finally, the performance of the SIC SAGE is
improved by introducing a threshold when estimating the
multipath delays. The proposed SAGE algorithm should
be useful for extracting the channel parameters with higher
accuracy.

1 Introduction

With rapidly increasing demands for higher mobile data [1],
the research on the fifth generation (5G) mobile and wire-
less communication systems has drawn a lot of attentions
recently [2, 3]. Innovative technologies in 5G communi-
cations include the massive multiple-input multiple-output
(MIMO) [4], new spectrum allocations in the millimeter
wave frequency bands [5], etc. As a foundation for any
wireless communication, the research on propagation chan-
nels is important [6, 7]; it is also critical to establish reliable
channel models to assist the high-layer design of commu-
nication systems. In order to achieve this, the initial chan-
nel parameters of multipath components (MPCs) should be
extracted. These parameters includes the delays, angle of
arrivals (AOAs), angle of departures (AODs), and complex
amplitudes.

Various estimation algorithms have been applied to extrac-
t the channel parameters. Traditional algorithms include
the spectral estimation algorithm such as the Bartlett [8],
and the parametric subspace-based estimation algorithms
for angular parameters such as the multiple signal classifi-
cation (MUSIC) [9] and the estimation of signal parameter
via rotational invariance techniques (ESPRIT) [10]. Based
on the maximum likelihood (ML) method, the expectation-

maximization (EM) algorithm [11] is proposed to jointly
extract the channel parameters. As an extension of the
EM algorithm, the space alternating generalized expecta-
tion maximization (SAGE) [12] is proposed, which can re-
duce the computational complexity while obtain the high
resolution channel parameters.

In this paper, the SAGE algorithm is firstly implemented
to extract the delays, AODs, and complex amplitudes of
MPCs in the simulated SV channel model. By using two
different strategies, i.e., the parallel interference cancela-
tion (PIC) and the serial interference cancelation (SIC), the
SAGE algorithm is validated. Based on the massive MI-
MO channel measurement data in an indoor hall scenario
at 6 GHz, the channel parameters of MPCs are extracted
by using the PIC SAGE and SIC SAGE, and the results are
further compared. Finally, the performance of the standard
SAGE algorithm is improved by introducing a threshold
when estimating the multipath delays.

The paper is organized as follows. The validation of the
SAGE algorithm based on the SV channel model is pre-
sented in Section 2. The investigation on SAGE algorithm
based on the massive MIMO channel measurement data is
presented in Section 3. Section 4 concludes the paper.

2 Joint Estimation of Channel Parameters
Using SAGE Algorithm

The multipath channel can be described by the channel im-
pulse response (CIR)

h(τ) =
L

∑
l=1

αl ·δ (τ− τl) ·δ (ϕ−ϕl), (1)

where αl , τl , and ϕl denote the complex amplitude, delay,
and azimuth AOD of the l-th MPC, and L is the total number
of MPCs.

For the MIMO channels, the CIR matrix can be expressed
as

H(τ) =
L

∑
l=1

a(ϕl) ·αl ·δ (τ− τl) ·δ (ϕ−ϕl), (2)

where a(ϕl) is the steering vector, which can be easily ob-
tained based on different arrangements of antenna arrays. In



(2), the unknown parameters are θ=[αl ,τl ,ϕl ; l = 1, ...,L],
which describes all the L MPCs and needs to be estimated.
Thus, the observation that is used to estimate the channel
parameters can be expressed as

X =
L

∑
l=1

s(θl)+n, (3)

where s(θl)= a(ϕl) ·αl ·δ (τ−τl) ·δ (ϕ−ϕl), and n denotes
the complex noise.

The SAGE algorithm is applied to jointly estimate the chan-
nel parameters in this paper. Two steps are usually includ-
ed in this algorithm, i.e., the Expectation Step (E-step) and
Maximization step (M-step). More details of the SAGE al-
gorithm can be found in [12]. Note that two methods are
widely utilized in the E-step. In the standard SAGE [12],
the PIC strategy is used during the E-step. This is given as
follows

x̂l = X−
L

∑
l′ 6=l,l′=1

x(θ̂l′), (4)

where x̂l denotes the estimate of l-th MPC, and x(θ̂l′) de-
notes the updated estimate of l′-th MPC in the previous it-
eration.

SIC is another strategy during the E-step. This can be ex-
pressed as follows

x̂l = X−
L

∑
l′<l,l′=1

x(θ̂l′). (5)

In this scheme, the MPCs are estimated and canceled suc-
cessively from the received CIR in the descending order of
their powers.

The performance of the SAGE algorithm by using differen-
t strategies are evaluated by the statistical SV model [13],
and the AODs of MPCs are randomly generated between
0◦ to 180◦. Totally eight clusters are generated in the sim-
ulated SV model, and the powers of the clusters decrease
exponentially with delay. Five MPCs are generated within
each cluster, and the powers of the MPCs follows anoth-
er exponential distribution with delay. Furthermore, com-
plex white Gaussian noise is added to the simulated channel
model.

Fig. 1 gives the extracted results in SAGE by using the PIC
and the SIC. From this figure, it can be concluded that both
the methods can successfully extract all the MPC param-
eters with fairly low estimation errors, and the estimation
difference between these two methods is not distinct. Com-
paring with the SIC, however, longer running time of the
simulation for the PIC shows higher computational com-
plexity. This is because the observation X in the PIC s-
trategy contains more MPCs when estimating the channel
parameters. These two strategies will be further compared
with the real-world channel measurements in Section 3.
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Figure 1. Extracted results in SAGE by using the PIC and
the SIC based on the SV model.

3 Parameter Estimation Based on Massive
MIMO Channel Measurements

The real-world measurement results are applied to further
test the performance of the SAGE algorithm. The massive
MIMO channel measurements were performed at the Cen-
ter Report Hall in Beijing Jiaotong University. Both the
transmitter (Tx) and receiver (Rx) antennas were omnidi-
rectional, and the numbers of antennas at the Tx and the
Rx were 64 and 4, respectively. The measurements were
conducted at 6 GHz with a bandwidth of 200 MHz, which
means that the delay resolution of individual MPC was 5
ns. Details of the measurement campaign can be found in
[14].

The SAGE algorithm described in Section 2 is used for the
massive MIMO channel measurements at 6 GHz in the line-
of-sight (LOS) condition. The parameters for the 40 MPCs
with the strongest powers are extracted. The delay reso-
lution in our SAGE algorithm is 5 ns, which equals to the
value of the measurement system, and the angle resolution
is defined as 1◦. The extracted power angular spectrum
(PAS) over the large-scale Tx array by using both the PIC
and the SIC is illustrated in Fig. 2. However, the ground
truth of the angular parameters can hardly be obtained from
the measured data. Thus, to evaluate the accuracy of the es-
timation algorithms, the root mean square estimation error
(RMSEE) between the estimated power delay profile (PDP)
Pestimate and the measured PDP Pmeasure is calculated along
the Tx antenna array, and the RMSEE at the m-th Tx po-
sition RMSEEm is defined in (6), where n is the Rx anten-
na index, and NRx = 4 is the number of Rx antennas. The
parameter k (=0, 1, ... , 511) is the delay bin index, and
Nτ = 512.

RMSEEm =

√√√√√ NRx
∑

n=1

Nτ

∑
k=1
|Pmeasure(n,m,k)−Pestimate(n,m,k)|2

NRx ·Nτ

.

(6)

The RMSEEs by using the PIC and the SIC are presented
in Fig. 3. From Figs. 2 and 3, it is observed that no distinct
difference can be found for the two methods, as expected.



Considering the computational complexity analyzed in Sec-
tion 2, the SIC is chosen during the E-step in the following
simulation.

(a) PIC

(b) SIC

Figure 2. Extracted PAS over the large-scale Tx array by
using different strategies.
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Figure 3. RMSEEs by using PIC and SIC.

In the standard SAGE by using SIC strategy, the estimated
parameters of the l-th MPC should be subtracted from the
observation of the measured data in each of the iteration,
and the estimating process will be continue from the re-
maining data. Hence, the estimated delays of several MPCs
may be the same, which is also reasonable from the propa-
gation aspect as the reflections or scatterings from different
paths may have the similar propagation distance. However,
some low-power MPCs can always be extracted, and most
of their delays are the same with the strong MPCs estimated
in SAGE. This shows that the powers are over estimated in

some delays. To solve this problem, a threshold is defined
for each estimated delay bin: if the difference between the
sum of the estimated power and the measured power in a
specific delay is smaller than the noise threshold, the da-
ta in the corresponding delay will be subtracted from the
observation of the measured data in each of the iteration.

To evaluate the performance of the proposed SAGE algo-
rithm, the PDPs over the large-scale Tx antenna array are
utilized. First, the measured PDPs are presented in Fig. 4.
The estimated PDPs by using the standard SAGE and the
proposed SAGE are then illustrated in Fig. 5. By compar-
ing the results in Fig. 4 and Fig. 5, we can see that most
of the strong MPCs can be extracted by both the standard
SAGE and the proposed SAGE. However, the MPCs with
the delay range of 70 ns to 90 ns seem to be over estimated
in the standard SAGE. Moreover, the MPCs marked with
circles in Fig. 4 can not be extracted completely in the s-
tandard SAGE, whereas these MPCs can be found in the
proposed SAGE, as shown in Fig. 5(b). Hence, it can be
concluded that the performance of the proposed SAGE can
be improved when estimating the parameters of MPCs.

Figure 4. Measured PDPs over the large-scale Tx antenna
array.

4 Conclusion

This paper investigates the SAGE algorithm, which can
jointly extract the delays, angles, and complex amplitudes
of MPCs. The standard SAGE is validated by using both the
PIC and SIC strategies in the simulated SV channel model.
Based on the real-world massive MIMO channel measure-
ment results, the SIC SAGE and PIC SAGE show the sim-
ilar extracted results. Considering the lower computational
complexity, the SIC SAGE is therefore recommended. The
performance of the standard SIC SAGE is further improved
by defining a threshold when estimating the delays of M-
PCs. These results will be useful to accurately obtain the
initial channel parameters before channel modeling in 5G
communication systems.
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Figure 5. Estimated PDPs over the large-scale Tx array by
using different methods in SAGE.
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