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Abstract—The number of Ambient Internet of Things (A-IoT)
devices, which are ultra-low power and often battery-free, is
steadily increasing. For these devices, the positioning in fifth
generation (5G) networks is challenging. Therefore, this paper
presents the planning of an initial study that addresses the
overhead related to the reliable transport of position-related
data using the LTE Positioning Protocol (LPP) and the Sidelink
Positioning Protocol (SLPP), respectively. More specifically, the
memory usage and time behavior of Abstract Syntax Notation
One (ASN.1) encoding and decoding of corresponding LPP and
SLPP messages should be investigated by comparing different
ASN.1 codec solutions on user equipment (UE) side in current 5G
networks. Based on the outcomes of this study, several approaches
should be discussed to answer the question, whether the LPP and
SLPP protocols are suitable for the newly introduced Ambient
Internet of Things devices to handle position-related data.

Index Terms—5G, positioning, LPP, SLPP, Ambient IoT, ASN.1

I. INTRODUCTION

IN order to realize positioning in 5G networks, position-
related data must be generally exchanged between two

endpoints. For this purpose, the 3rd Generation Partnership
Project (3GPP) defines two main concepts: On the one hand,
positioning is realized between the target user equipment,
and the Location Management Function (LMF) of the 5G
core network. On the other hand, sidelink positioning allows
the localization without the LMF when at least two user
equipments are involved ([1], [2], [3]).

However, both main concepts require an application-level
protocol to enable the exchange of position-related data, for
instance, the configuration of lower protocol layers, or provid-
ing measurement data, such as signal strength metrics or time
measurements, to calculate the target’s position. Consequently,
the 3GPP defines the LTE Positioning Protocol (LPP), and the
Sidelink Positioning Protocol (SLPP) to enable the exchange of
position-related data between a user equipment and the LMF,
and different user equipments, respectively ([4], [5]).

More precisely, both protocols require an intermediate step
to work. In this context, Figure 1 shows the reception and
transmission of LPP messages including position-related data
based on Abstract Syntax Notation One (ASN.1) encoding
and decoding using the Unaligned Packet Encoding Rules
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Fig. 1. Handling of position-related data on UE side based on the LPP, and
an ASN.1 codec in current 5G networks: When the UE receives encoded
LPP data via user (UP) or control plane (CP), the UE applies ASN.1 UPER
to decode the included position-related data, for instance, assistance data or
its calculated position (left). Otherwise, if the UE wants to transmit, for
instance, measurement data or its current position to the 5G network, it applies
ASN.1 UPER to encode the position-related data first. Then, the encoded LPP
message is sent over the user or control plane to the 5G network (right).

(UPER). As illustrated on the left side of Figure 1, when a user
equipment receives a LPP message over the user or control
plane, it applies ASN.1 UPER to decode the included position-
related data. For instance, the UE can receive assistance data,
such as a Positioning Reference Signal (PRS) configuration,
as indicated by the black-white pattern in the ASN.1 UPER
decoding step of Figure 1. Alternatively, the UE can also
obtain its current position from the 5G network, if this is
consistent with the selected positioning method.

The right side of Figure 1 shows the transmission path, if
the UE wants to transmit position-related data that is included
in a LPP message. In this case, ASN.1 UPER are applied first
to encode the corresponding LPP message. As an example,



the UE can send its current position to the 5G network via
user or control plane. In order to do this, its coordinates must
be encoded, as indicated in the ASN.1 UPER encoding step
of Figure 1. According to the LPP specification in [4], the
transmission of measurement data, such as signal strength
metrics or taken time measurements are also possible, as
illustrated in the gray box at the top of Figure 1.

With the introduction of Release 19, the 3GPP standardizes
Ambient Internet of Things (A-IoT) as a new device class
to address devices without or with limited energy storage
within cellular networks ([6], [7]). An A-IoT device uses
energy harvesting to be powered by external sources of its
environment, such as solar energy or radio waves ([8]).

Due to the uncertainty regarding power supply, algorithms
have to be optimized to reduce the overall power consumption
of an A-IoT device. This leads to the question of how position-
related data can be handled by the A-IoT device class, and
if already existing protocols like LPP and SLPP can applied
to A-IoT devices. Consequently, ASN.1 UPER encoding and
decoding must be investigated first, because its overhead in
terms of memory usage and time behavior is unknown so far.
Therefore, the paper at hand describes a study plan in order
to present the following two contributions in future:

1 Prototypical implementation of the generation and re-
ception of an Abort and an corresponding acknowledg-
ment message using the LPP and the SLPP, respectively,
to examine the reliable transport of position-related data.

2 Systematic investigation of the time behavior of ASN.1
UPER encoding and decoding as well as the total
allocated memory especially on heap including the heap
peak size of the Abort and acknowledgment messages
using different ASN.1 UPER codec solutions.

In the following, Section II gives an overview of related
work. Then, Section III describes the study plan of how the
time behavior and the memory usage of the ASN.1 UPER
processing of the reliable transport of LPP and SLPP messages
are investigated using different ASN.1 codec solutions. Based
on this study plan, Section IV highlights possible future work.
Finally, Section V summarizes the key points of this paper.

In order to improve the readability of each section, Table I
summarizes selected abbreviations of the paper at hand.

TABLE I
OVERVIEW OF SELECTED ABBREVIATIONS

Short Long

3GPP 3rd Generation Partnership Project

A-IoT Ambient Internet of Things

ASN.1 Abstract Syntax Notation One

LMF Location Management Function

LPP LTE Positioning Protocol

PRS Positioning Reference Signal

SLPP SideLink Positioning Protocol

UE User Equipment

UPER Unaligned Packet Encoding Rules

II. RELATED WORK

The exchange of position-related data using the LPP and SLPP
has already been addressed in the field of research by other
works. For instance, Zanini et al. propose a real-world testbed
in [9] to investigate 5G positioning and their current progress
related to commercial products. They show that there are
commercial UE, such as the Google Pixel 6, which support
selected LPP functionalities. In contrast to the paper at hand,
the authors of [9] do not consider the overhead of ASN.1
processing and also do not focus on A-IoT devices.

Petrucci et al. examine 5G positioning in terms of accuracy,
latency and resilience by proposing a multi-objective opti-
mization model ([10]). Based on their optimization model and
conducted simulation as well as real-world experiments, they
propose a framework that realizes the efficient and reliable po-
sitioning in 5G networks by taking latency, accuracy, resource
use, and resilience into account. As an example, Petrucci et al.
examine the latency depending on the number of exchanged
LPP and New Radio Positioning Protocol A (NRPPa) messages
that transport position-related data. However, in contrast to the
paper at hand, the authors of [10] do not take the protocol
overhead of the LPP into account that is caused by ASN.1
processing. Additionally, sidelink positioning using the SLPP
and A-IoT devices are also not addressed by [10].

Şahin et al. investigate the 5G sidelink positioning in terms
of accuracy in [11] depending on different impact factors in ac-
cordance with 3GPP Release 18. They evaluate the positioning
accuracy by a simulation-based approach using MATLAB to
examine the PRS bandwidth, the number and density of anchor
UE as well as the presence of a line-of-sight. Şahin et al. also
address several challenges regarding sidelink positioning, such
as UE synchronization, and bandwidth limitations. However,
in comparison with the paper at hand, the impact of the SLPP
itself and the ASN.1 processing overhead as well as the A-IoT
device class are not taken into account in [11].

The positioning of Ambient IoT devices is also addressed
by several works. As an example, Arun et al. give an overview
of possible use cases and challenges of Ambient IoT devices
in the area of precision agriculture ([12]). According to them,
A-IoT devices could be crucial to enable the tracking of farm
assets, livestock, and machinery. On the other hand, passive
A-IoT devices using backscattered signals could support the
positioning of other A-IoT devices or UE while sending of
position-related data could be difficult. At this point, the
planned study of the paper at hand extends the point of view
of [12] by considering active A-IoT devices that are also
capable to transmit position-related data ([13]). In order to
solve the issue of how position-related data is handled by an
A-IoT device, the possibility of adopting existing positioning
protocols, such as LPP and SLPP, should be examined first.

Kim et al. describe the latest advancements of the 3GPP
standardization and resulting challenges of Ambient IoT de-
vices in [14]. They mention that the positioning of A-IoT
devices is crucial for several use cases that are defined by the
3GPP in [8]. Additionally, the positioning of an A-IoT device



based on the A-IoT reader’s location, which corresponds to
the latest description of 3GPP Release 19 in [7]. Therefore,
the planned study of the paper at hand could contribute
novel insights to future standardization depending on how the
overhead of the LPP and SLPP behave in terms of memory
usage and time behavior, if ASN.1 processing is applied.

III. RELIABLE TRANSPORT OF LPP AND SLPP MESSAGES
USING ASN.1 UPER CODECS

This section deals with the planned study that investigates the
overhead of ASN.1 UPER encoding and decoding of selected
LPP and SLPP messages to ensure the reliable transport of
position-related data. According to [4] and [5], the reliable
transport of LPP and SLPP data consists of three parts:

A Duplicate detection of messages by using direction-
dependent sequence numbers as part of a SLPP or LPP
message. This allows the receiver to decide, if a message
related to the current session has already been received.

B Acknowledgment of messages by using acknowledg-
ment indicators. This allows a sender to ensure that the
last message was successfully received by the target.

C Retransmission of messages if the last message was not
acknowledged after a pre-defined timeout period ∆ttx,
where ∆ttx must not be less than 250 ms.

Additionally, it must be taken into account that the reliable
transport is only applied to the LPP, if the corresponding
messages are sent over the control plane ([4]).

In context of the reliable transport, Figure 2 shows three
message workflows including the assigned values of each
message field, where each of the workflows represents an
independent experiment within the scope of the planned study.
In terms of a real-world scenario, it is initially assumed that
a self-driven medical service robot that represents the UE1 in
Figure 2 must locate itself in hospitals. Therefore, it could use
the LMF services of an available 5G network or other medical
service robots that are represented by UE2 and UE3 in Figure
2, respectively, if sidelink positioning is preferred.

While the UE2 and the LMF initiate the exchange of
position-related data by transmitting a SLPP and LPP Abort
message, respectively, which is decoded and acknowledged by
the target UE1 in the first and the second step illustrated in
Figure 2, the direction of the message exchange is switched
within the third and fourth step. Consequently, the messages
that have to be ASN.1 UPER encoded and decoded is also
changed. A third experiment should deal with parallel trans-
mitted SLPP messages, which must be handled by the target
UE1, as indicated in the fifth step of Figure 2.

In order to evaluate the overhead of ASN.1 encoding and
decoding of SLPP and LPP messages of each step that is
shown in Figure 2, the following metrics should be examined:

I ASN.1 processing time that describes the required time
to decode (tdec) and encode (tenc) a message received or
to be sent, respectively. While tenc refers to the second
and third step of Figure 2, tdec is examined otherwise.
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Fig. 2. Reliable transport workflows of LPP and SLPP messages that should
be investigated: The UE2 in case of sidelink or the LMF otherwise is initiating
the exchange of position-related data by transmitting an ASN.1 UPER encoded
Abort message that is decoded and acknowledged by the target UE1 (steps
1 and 2). In a second experiment, the direction of sent LPP and SLPP
messages is changed. Therefore, the UE1 is initiating the data exchange that
is acknowledged by the UE2 and the LMF, respectively (steps 3 and 4). A
third experiment focuses on the handling of parallel encoded Abort messages
in case of sidelink, where an additional UE3 is involved (step 5).



II Total memory usage that corresponds to the total
amount of allocated bytes during ASN.1 decoding (ndec)
and encoding (nenc) within each experiment.

III Heap peak size that corresponds to the highest amount
of allocated bytes on heap during ASN.1 decoding (n̂dec)
and encoding (n̂enc) within each experiment.

The metrics of each experiment should be determined by
using different ASN.1 codec solutions that are implemented
in the C programming language. As a starting point, different
ASN.1 codecs from [15] would be tested. Additionally, the
valgrind tool on top of the Linux operating system would
be used to analyze the previously defined metrics.

IV. FUTURE WORK

In order to realize the experiments of the previously described
study plan, more powerful computer hardware, such as con-
ventional laptops, would be probably used. This could be
mandatory to be able to use the trial version of commercial
ASN.1 solutions that are typically limited to selected operating
systems and instruction set architectures of a processor.

Additionally, initial experiments of the LPP have already
indicated that some ASN.1 UPER codecs mentioned in [15]
require a lot of memory during runtime. Therefore, the de-
velopment of an optimized ASN.1 UPER codec could be
necessary, if ASN.1 should be used on future A-IoT devices.

V. CONCLUSION

This paper presents a study plan in order to investigate the
overhead of ASN.1 processing of LPP and SLPP messages
to realize positioning in 5G networks. More precisely, this
study comprises three different experiments that address the
reliable transport of position-related data using the LPP and
SLPP, respectively. Each experiment should be conducted
based on several ASN.1 codec solutions to analyze the ASN.1
processing time, the total amount of required memory, and the
heap peak size, if memory is allocated during runtime.

Finally, the planned study should serve to find out if the
already existing positioning protocols LPP and SLPP could
be suitable to be used on the newly introduced A-IoT devices,
which are powered by their environment using energy har-
vesting. This leads to a uncertainty in terms of power supply,
whereby used algorithms and protocols must be optimized.
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