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Abstract—Open datasets with measurements in cellular mobile
networks are rare. In this paper, we share 90 hours (over 600 000
samples with time-resolution of 500 milliseconds) of smartphone
measurements conducted in a dense urban environment in the
downlink of an operational LTE network. To capture, on the one
hand, the short-term fluctuations of the measured key parameter
indicators, and on the other hand, also time-of-day effects, we
chose a static indoor setup. Despite the static configuration, the
dataset offers a rich variability over time. The dataset can be
appealing for machine learning applications (e.g., throughput
prediction), simulations verification, or for educational purposes,
as it contains detailed statistics throughout different LTE layers,
which may help students to better comprehend the concepts of
communication in LTE downlink.
Index Terms—dataset, LTE, downlink, measurement, RSRP,
RSRQ, RSSI, SINR, throughput, physical, MAC, RLC, BLER,
PRB, CSI, CQI, rank, MCS, static, indoor

I. I NTRODUCTION
Publicly available measurements in cellular mobile networks are crucial for verifying the fidelity of simulation tools,
statistical models, and machine learning predictions. Unlike
in other communities (e.g., image processing), there are only
a few open datasets in the context of wireless networks.
Moreover, the current datasets are often of poor quality and
offer rather short traces that last a few tens of minutes.
In this paper, we provide an open dataset [1] that comprises
90 hours of static indoor measurements in LTE downlink (DL).
The static setup is motivated by the fact that in the current
datasets with different mobility profiles, it is often not clear
whether the variations of throughput and signal metrics are
caused by moving in space or only by a change in time.
Our measurement results show that even in a static scenario,
most of the key parameter indicators (KPIs), on the one hand,
fluctuate in the order of milliseconds. On the other hand, KPIs
exhibit long-term time-of-day effects, which cannot be visible
in shorter measurements.
We conducted the measurements with Keysight’s NEMO [2]
phone (Samsung Galaxy Note 4). From the hardware perspective, the user equipment (UE) is a regular smartphone.
The measurements thus represent well the quality of service
experienced by real end-users. However, Keysight software
collects KPIs directly from the chipset and thus offers extended
logging capabilities (more KPIs available, higher time- and

amplitude-resolution) compared to what is available on the
application layer (e.g., with Android Telephony API [3], [4]).
With a time-resolution of 500 ms, the dataset contains over
6 · 105 samples. It provides signal metrics1 (RSRP, RSRQ,
RSSI, SINR) for each receive antenna port, channel state
information (CSI) fed back to eNodeB, modulation and coding
scheme (MCS) and details about physical resource blocks
(PRBs) scheduled by the eNodeB, block error rate (BLER),
hybrid automatic repeat request (HARQ) retransmissions,
throughputs on different layers: physical, application, medium
access control (MAC), radio link control (RLC); and more.
A. Related Work
In this section, we summarize open datasets we are aware
of, which contain measurements conducted in operational LTE
networks with end-user UEs (smartphones). For each dataset,
we cite the webpage with the downloadable files and the
corresponding scientific publication.
Bokani et al. [6], [7] offer LTE measurements that consist
of GPS and throughput measured along a 4.7 km long route
in Sydney, Australia, with a ten-second resolution. They conducted 72 repeated drives and collected over 15 000 samples.
Hooft et al. [8], [9] collected 40 LTE traces with durations
from 3 to 13 minutes, covering 5 hours of measurements in
Ghent, Belgium. They conducted walk-tests, as well as drivetests with various vehicles (car, tram, bus, bicycle). The traces
comprise GPS and throughput with a one-second resolution.
Raida et al. [10], [11] provide traces of three Austrian
mobile network operators (MNOs) for two repeated, 160 km
long train drives. The measurements have 500 ms resolution
and contain GPS, frequency band, channel, cell ID, and the
following LTE signal indicators: pathloss, RSRP, RSRQ, RSSI.
Meixner et al. [12], [13] shared 377 LTE traces collected
with a custom Android application in Germany, Netherlands,
and in the USA with an approximate duration of 5 minutes
per trace. Traces contain environment and mobility profile annotations, GPS, cell information (area code, cell ID, frequency
band), RSRP, and RSRQ. The advertised sampling period is
1 RSRP = reference signal received power. RSRQ = reference
received quality. RSSI = received signal strength indicator. SINR =
to interference and noise ratio. In the standard [5], the last metric is
“reference signal-SINR” (RS-SINR). We use a shorter name SINR.
authors call it only SNR. Android developers call it RSSNR [4].
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100 ms. However, as the samples are pulled from Android
Telephony API [4], which does not refresh the reported KPIs
so often, we found many duplicate values in the dataset.
It seems that the KPIs are updated only once per 2 s. The
published files contain additional columns (e.g., RSSI), which
are unfortunately filled with invalid values. The availability
of quantities provided by Android API is device-specific. The
used UE thus probably does not support reporting of all KPIs.
Raca et al. [14], [15] offer 135 measurements collected
with Android application G-NetTrack Pro2 in operational LTE
networks of two Irish MNOs in different scenarios: static,
pedestrian, bus, car, train. Traces contain RSRP, RSRQ, RSSI,
SINR, channel quality indicator (CQI), and DL and uplink
(UL) throughput with one-second resolution and an approximate duration of 15 minutes per trace. Traffic is generated
by downloading a file of size > 50 MB over TCP/IP. Unfortunately, GPS quality is very poor. For example, a 25-minute
car drive car/B_2018.01.18_07.30.40.csv between
Cork and Glanmire, which must have at least ten kilometers,
contains only 11 distinct GPS points.

TABLE I
OVERVIEW OF KPI S PROVIDED IN OUR OPEN DATASET.
File

Quantity

Unit

signal.csv

RSRP, RSRP0 , RSRP1
RSSI, RSSI0 , RSSI1
RSRQ, RSRQ0 , RSRQ1
SINR, SINR0 , SINR1
pathloss

dBm
dBm
dB
dB
dB

csi.csv

Sample duration
Wideband CQI
Requested throughput
Histogram: rank 1 vs. rank 2

ms
–
bit/s
%

csi_subband.csv

13 subband CQIs (0–12)

pla.csv

sample duration
PRB utilization
TB average size
TB maximum size

ms
%
bit
bit

pla_prb.csv

Utilization of each PRB (0–99)

%

pla_mcs.json

List of MCSs for codeword 0
List of MCSs for codeword 1
Histogram: (MCS0 , MCS1 )

–
–
%

phy.csv

Throughput Rphy , Rphy,0 , Rphy,1
BLER, BLER0 , BLER1
Number of received TBs
Histogram: CFI ∈ {1, 2, 3}

bit/s
%
–
%

mac.csv

MAC throughput Rmac
Number of received TBs
Number of new (1st attempt) TBs
TBs 1. retransmission
TBs 2. retransmission
TBs 3. and more retransmission
Residual BLER

bit/s
–
–
%
%
%
%

rlc.csv

RLC throughput Rrlc
RLC BLER
Number of received SDUs

bit/s
%
–

app.csv

Application throughput Rapp
Protocol

bit/s
string

B. Paper Outline
Section II presents our measurement setup. Section III
introduces the individual KPIs that are available in our open
dataset [1]. Section IV summarizes some of our observations
and contains hints regarding possible KPI averaging and
resampling. Section V concludes the paper.
II. M EASUREMENT S ETUP
We conducted static indoor measurements between 16:00
on 8 February and 10:00 on 12 February 2019 in a locked
classroom3 (the measuring UE was placed on a desk) at the
Institute of Telecommunications, TU Wien, Vienna, Austria.
In February, there is a semester break in Austria, and thus no
persons were entering the classroom.
We measured with Keysight’s NEMO smartphone [2], [16]
in an operational LTE network (i.e., we shared the cell with
other real users) of one of the Austrian MNOs. The phone
was Samsung SM-N910F (Galaxy Note 4). Keysight provides
special software that enables extended scripting and logging
capabilities. KPIs are recorded directly from the chipset.
To generate DL traffic, which allows measurement of available throughput, we scheduled an HTTP download of a 40 GB
file from our server at the Institute of Telecommunications, TU
Wien. Every time, the whole file was retrieved (or when an
interruption error occurred), the measurement script immediately restarted the download.
The measuring UE was locked to a single cell in LTE band
20 (frequency division duplex, center frequency ≈ 800 MHz).
Channel bandwidth was 20 MHz, which corresponds to 100
2 https://www.gyokovsolutions.com/
3 The classroom is located on the first floor; windows are oriented in
the southwest direction facing the inner courtyard. There is no line-ofsight connection to the base station. Approximate GPS coordinates: latitude
48.196519, longitude 16.371119.

–

PRBs. The eNodeB had two antennas and supported openloop spatial multiplexing. The UE also has two antennas, thus
allowing for 2×2 MIMO (multiple-input and multiple-output).
In LTE, the transmission time interval (TTI) is 1 ms. The reporting period of most of the KPIs collected by the NEMO UE
is approximately 500 ms. Only for some higher layers (RLC,
application), the sampling period is longer—approximately
one second. KPI reported at time ti represents an average over
the reporting period (ti−1 , ti ]. For some KPIs, a more detailed
summary in the form of a histogram is available.
III. T HE DATASET: K EY PARAMETER I NDICATORS
In cellular mobile networks, we witness a considerable
variability of measured KPIs, even in a static scenario. Fig. 1
shows the raw samples and 15-minute averages of several
selected KPIs. Table I summarizes LTE DL KPIs provided
in our dataset [1]. Each sample is stored with a corresponding
Unix timestamp. In the following Sections III-A–III-G, we
give more details about the individual KPIs.
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Fig. 1. Part of the KPIs collected during our static NEMO measurements in February 2019 in a classroom at the Institute of Telecommunications, TU Wien.

Based on the estimated channel matrix and measured SINR,
the UE signals to the eNodeB CQI, rank indicator (RI), and
precoding matrix indicator (PMI).
The CQI value encodes a preferred code rate and modulation [21, Tab. 7.2.3-1 and Tab. 7.2.3-2]. The dataset csi.csv
contains a “requested throughput” field, which is calculated
from transport block (TB) sizes given by wideband CQI
values, assuming that all PRBs would be scheduled to the
measuring UE and that BLER would be zero. CQI selection is
not standardized by 3GPP; it is vendor-specific. For example,
under the same channel conditions, a better, more complex
receiver can report higher CQI [22, Section 2.3.6].
RI indicates the number of useful data streams. With two
receive antennas, we have RI ∈ {1, 2}. RI chooses between
transmit diversity (RI = 1) and spatial multiplexing (RI = 2).
PMI is transmitted in closed-loop spatial multiplexing and
informs eNodeB about the optimal precoding matrix the UE
has selected [22, Section 2.3.3]. In our case, the cell was using
open-loop spatial multiplexing, PMI is thus not available.
Apart from a global “wideband” CQI, there are also multiple “subband” CQIs available (csi_subband.csv), which
allow eNodeB to schedule users on favorable resources [23,
Section IV]. Fig. 2 shows a sequence (approximately 150 s
long) of wideband and subband CQIs from our dataset.
C. Packet Link Adaptation (PLA)
After receiving CSI from all active UEs, the eNodeB
performs the radio resource management: For each user, it
chooses specific PRBs, MCS, TB size. The table pla.csv
contains for each reporting period the average TB size, the
maximum TB size, and average PRB utilization that the
measuring UE experienced.
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Fig. 2. Example of 300 consecutive samples of the wideband CQI and 13
subband-CQIs. The reporting period is approximately 500 ms per sample.

PRB index

At predefined time-frequency coordinates, each cell broadcasts cell-specific reference signal (CRS) [17, Section 6.10.1],
based on which UE measures and calculates the physical layer
indicators: RSRP, RSSI, RSRQ, and SINR; see [5].
RSRP serves as the main indicator for cell selection during
the initial connection and during handovers. RSSI measures
the total wideband power. RSRQ—which is calculated from
RSRP and RSSI—depends on the cell load [18] and provides
additional information in the handover decision process [19].
SINR is essential for the derivation of the CQI (Section III-B).
If multiple transmit and receive antennas are available, UE
may estimate RSRP, RSRQ, RSSI, and SINR for each antenna
port. The final reported value is given by the maximum [5]
among all ports. In our case, the UE has two receive antennas;
there are thus three values available for each of the four
mentioned KPIs: One global (final reported) value, and one
value for each of the receive antenna ports (0 and 1).
The dataset signal.csv also contains DL pathloss, which
UE estimates by comparing the received CRS power with the
transmit CRS power that is signaled by eNodeB [20, Section
6.3.2, PDSCH-Config].

Wideband CQI

A. Cell-Specific Reference Signal

0

Fig. 3. Overall PRB utilization (upper plot) and utilization of individual PRBindexes (lower plot). For some PRB-indexes (0–3, 24–27, 48–51, 72–75), the
average utilization never reaches 100%. A possible explanation is that certain
PRBs are reserved for some narrowband services (e.g., narrowband IoT).

PRB utilization tells us what percentage of all eNodeB’s
PRBs were scheduled to the measuring UE during the reporting period. Remaining PRBs were scheduled for other
users. The PRB utilization is also available for individual PRB
indexes (pla_prb.csv). In our case of a 20 MHz channel,
there are 100 PRB frequency-indexes (0–99). See Fig. 3.
Finally, for each reporting period, the file pla_mcs.json
contains a histogram of modulation and coding schemes that
were applied by eNodeB. An example of a single reporting
period is plotted in Fig. 4. In some cases, a different MCS was
used for each codeword. A NaN value of MCS 1 means that
only one data stream was transmitted (i.e., rank = 1, transmit
diversity was used instead of MIMO).
D. Physical Channel Throughput
The file phy.csv contains the physical downlink shared
channel (PDSCH) throughput Rphy , BLER, and the number of
received TBs within the reporting interval.
Throughput Rphy is calculated from all received TBs (including TBs with CRC4 failure). BLER measures the ratio
4 Cyclic
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Fig. 4. Histogram of modulation and coding schemes of codewords 0 and 1
during a single reporting period.

of the TBs with failed CRC to the number of all received
TBs. Rphy and BLER are also available for each codeword
separately (Rphy,0 , Rphy,1 , BLER0 , BLER1 ).
The control format indicator (CFI ∈ {1, 2, 3}) defines how
many OFDM5 symbols in each subframe are allocated for
the PDCCH.6 Higher CFI means fewer resources for the
PDSCH. See [24, Section 5.3.4] for reference, and [25] for
visualization, in which a user can set different CFI values.
E. Medium Access Control (MAC) Layer Throughput
According to manual [16], MAC throughput Rmac is calculated from successfully received service data units (SDUs);
we thus have
Rmac ≈ (1 − BLER)Rphy .

(1)

Or, if the first option is not available, Rmac is estimated from
successfully received TBs (slightly higher due to MAC header
and control data). In this case, (1) becomes equality.
Other available KPIs are the number of all successfully
received TBs in the reporting interval, excluding redundant
retransmissions,7 and the number of successfully received new
TBs. The “new TBs” do not include successfully received
HARQ retransmissions that belong to failed TBs from one
of the previous reporting intervals.
HARQ retransmissions are documented by three fields:
Ratio of first retransmissions to all received TBs, ratio of
second retransmissions to all received TBs, and ratio of third
(and more) retransmissions to all received TBs.
Residual BLER is the percentage of TBs that HARQ was
not able to correct. From 641 314 MAC layer samples in our
dataset, the residual BLER is nonzero in just 0.14% of cases
(915 samples). The highest residual BLER reported in a single
reporting interval is 0.5%.
F. Radio Link Control (RLC) Layer Throughput
RLC throughput is calculated from SDUs that are successfully transferred through the RLC layer. The reporting interval
is longer than for the previous layers (ca. 1.2–1.3 s).
Since our DL traffic is generated by HTTP download (i.e.,
TCP over IP traffic), the RLC works in acknowledged mode
[26].8 Thus, RLC utilizes the ARQ procedure to correct
5 Orthogonal

frequency-division multiplexing.
downlink control channel.
7 E.g., due to ACK message being corrupted on its way back to eNodeB.
8 For example, for voice over IP, RLC would apply unacknowledged mode.
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Fig. 5. Empirical CDFs of (a) throughput and (b) HARQ retransmissions.
All time-series were resampled to 4 s bins before the CDF reconstruction.

residual erroneous TBs obtained from the MAC layer.
G. Application Layer Throughput
For the application layer, the reporting interval is even
longer—approximately 1 to 3 seconds. For each sample, we
obtain application protocol (in our case HTTP) and application
throughput, which does not include TCP/IP headers.
IV. O BSERVATIONS AND R EMARKS
Fig. 1 from top to bottom concisely summarizes what
happens in LTE downlink. UE measures the radio channel
based on pilot signals (CRS) broadcasted by the eNodeB,
to which it feeds back the observations in the form of CSI
chosen such that the resulting BLER would be around 10%.
Based on the UE feedback, the eNodeB chooses MCS, the
number of parallel data streams (rank), in case of closed-loop
spatial multiplexing, also a precoding matrix, and schedules
particular resource blocks to our UE. All of this constitutes
the physical throughput Rphy , which is, however, reduced
by transmission errors (BLER). Thus, approximately 10% of
resources have to be dedicated to HARQ retransmissions,
which carry incremental redundancy that helps the MAC layer
to decode the erroneous blocks.
Fig. 5 (a) presents cumulative distribution functions (CDFs)
of throughput on different layers. MAC layer throughput is by
≈ 10% smaller than the physical throughput due to block
errors. In most of the cases, a single HARQ retransmission is
enough to decode the erroneous blocks, see Fig. 5 (b). The
residual MAC BLER is negligible; there is thus no visible
difference between the MAC throughput and the RLC throughput. Finally, the further reduction from RLC throughput to
application layer throughput (without TCP/IP headers) is due
to header overhead.
A. Averaging of Logarithmic Quantities
In the case of logarithmic quantities s(dB) , we should always
perform averaging in linear scale, when further postprocessing
the data (binning, smoothing, resampling):
!
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Fig. 6. Volume-preserving throughput resampling. The plot shows the original
(blue) and the resampled (red) application layer throughput samples.

B. Volume-Preserving Resampling of Rates
Because the duration of the reporting interval varies, we
might want to resample some time-series—e.g., to calculate
CDFs. In the case of quantities that characterize a rate
(throughput or BLER), we should take care that the resampling
is volume-preserving.
Volume-preserving resampling (or rebinning) is illustrated
in Fig. 6. The area of each new, larger red bin is the same
as the area under the blue curve. The piecewise constant
staircase function emphasizes that each rate sample is not
related only to a specific timestamp, but to the whole previous
reporting interval. With a different kind of resampling (e.g.,
linear interpolation), we would modify the total volume (total
data volume in case of throughput, or the total number of
erroneous blocks in case of BLER).
V. C ONCLUSION
We have thoroughly described and partially visualized the
provided static indoor LTE DL dataset [1], which contains over
600 000 KPI samples collected during 90 hours throughout
multiple layers (physical, MAC, RLC, application). Despite
the lack of mobility, the dataset features rich variability and
thus poses a nontrivial challenge for machine learning tasks
such as throughput prediction.
The dataset captures real-world end-user performance experienced in an operational network, in a dense urban environment. It is thus particularly useful for researchers that are
developing data-driven models and cellular mobile network
simulators. There is a countless number of other possible
scenarios. We thus hope to see also other research groups
publishing detailed, high-quality open datasets in the future.
We believe that our dataset is useful also for educational
purposes: It contains details about rank, MCS, transport block
sizes, CRC failures, and HARQ retransmissions; it can be used
to visualize PRB scheduling and subband CQIs. The students
thus can explore the dataset to understand some of the LTE
DL procedures better.
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