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ABSTRACT

Fifth Generation wireless networks (5G) have been one of the priority areas
studied by scientists in recent years because of their benefits in many fields of life. The
requirements in modern communication systems are to increase performance in the
process of transmitting and receiving information. Extremely reliable low-latency
communication (URLLC) is one of the three main tasks in 5G. According to 3GPP, URLLC
has 99.999% transmission accuracy with a latency of less than Tms which is the goal
of many current studies. In this article, we analyze and evaluate some of the factors
that affect the latency and probability of errors that can be achieved in the uplink and
downlink of Massive MIMO in the finite block in URLLC. In addition, this study presents
asolution that offers a suitable length in the packet design of large MIMO systems that
support the high-reliability targets required in URLLC.
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TOM TAT

Mang khong day thé hé thi nam (5G) la mét trong nhiing linh vuc dugc céc
nha khoa hoc uu tién nghién ctiu trong nhitng nam gan day vi nhiing lgi ich clia
nd mang lai trong nhiéu [inh vuc cta ddi song. Cac yéu cau trong giao tiép hién dai
la tang hiéu sudt trong qua trinh truyén nhan thong tin. Truyén thong o do tré
thap cuc ky dang tin cdy (URLLC) Ia mt trong ba nhiém vu chinh trong 5G. Theo
3GPP, URLLC ¢4 chinh xac truyén 99,999% véi do tré dudi Tms dang la muc tiéu
hudng tdi cta nhiéu nghién ctu hién nay. Trong bai bao nay, ching toi phan tich
va danh gia mot s6 yéu t6 anh hudng dén d6 tré va xdc sudt 16i ¢6 thé dat dugc
trong dudng |én va dudng xudng clia Massive MIMO & khdi hitu han trong URLLC.
Ngoai ra, trong nghién ctiu nay con trinh bay mot gidi phap dua ra block length
phu hgp trong thiét ké goi tin clia cac hé thdng MIMO I6n hé trg cac muc tiéu do
tin cdy cao dugc yéu cau trong URLLC.

Tir khéa: 56, URLLC, Massive MIMO, d6 dai khéi hitu han.
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1. INTRODUCTION

The fifth generation (5G) of wireless networks, which is
the latest and newest wireless standard, has just begun in
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recent years. However, this network promises to support a
variety of applications such as industrial automation, cloud
robotics, and intelligent traffic. In a recent GSA report, 5G
networks have been implemented in 72 countries since
August 2021. There have been many discussions about Fifth
Generation (5G) mobile communication since the 2012s. In
September 2015, ITU-R agreed to three main services for 5G
including Enhanced Mobile Broadband (eMBB); Ultra-
Reliable and Low-Latency Communication (URLLC); and
Massive Machine Type Communication (mMTC) [1, 2]. The
classification of service in 5G is presented as follows:

Enhanced mobile broadband (eMBB) is the first 5G
category to bring the benefits of 5G to the general public. 5G
eMBB delivers high-quality internet access even under harsh
environmental conditions. 5G eMBB guarantees a gigabit
range of mobile broadband speeds and higher data
bandwidth. 5G eMBB possibly makes good indoor
connectivity among many devices in densely populated
areas, wide network coverage, and real-time
communication and connectivity even when mobile
broadband services are accessed from moving vehicles [2].

The second service namely massive machine-type
communication (mMTC) supports massive device
connectivity in loT applications. mMTC uses non-human-
type communication models that prioritize low-rate, uplink-
centric transmission. The applications that use mMTC don't
have collisions because the schemes differ from those used
in traditional human-type communication and use small
packet data transmission techniques. In addition, mMMTC also
combines random access and scheduling strategies when
there are thousands of loT devices waiting for access [2].

The service category called Ultra-reliable low-latency
communication (URLLC) is envisioned to require very low
latency and extremely high reliability. This service is
applicated to here of traffic safety, automatic control, and
intelligent surgery [3].

The Release-15 standard of 3GPP was issued in March
2017 and completed the Release-17 Stage-2 freeze in June
2021. According to Release-17, the requirements for three
main services in 5G are shown in table 1 [4].

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Table 1. The requirements for three main services in 5G [4]

SERVICES DATA RATE LATENCY RELIABILITY
EMBB 0.5-1.5Gb/s < 20ms BER < 10°
MMTC 40Mb/s < 20ms BER < 10°
URLLC 40Mb/s <1ms BER < 10°

The new wireless requires a much lower latency and error
probability than current wireless systems, especially with
URLLC service. The main challenge in fulfilling these
requirements is the development of packet transmission. In
theory, if using a long data packet structure for reducing
error probability then delay time increases, in contrast, if
using a sort data packet for reducing latency then error
probability can grow up. In this paper, we consider and
analyze the packet length influence on the transmission. We
also present a way to find packet length, which balances
both factors including latency and reliability.

2. RELATED WORKS

Because the URLLC's standard has not been worked out,
many different solutions for the design of URLLC have been
put forward by researchers. In transmission, for achieving
high reliability, diversity in time, frequency diversity, and
spatial diversity should be exploited. The spatial diversity
offered by multiple antennas becomes critical to achieve the
desired reliability. The latest mock-up of spatial diversity is
multiple antenna technologies called Massive MIMO
(multiple-input multiple-output), which is a wireless
network where base stations (BS), equipped with a very
large number M of antennas, serve a multitude of UEs via
linear spatial signal processing [5].

In fact, the number of antennas and the length of
transmission data is finite, so spatial correlation to obtain
realistic estimates of the error probability is important.
Besides this, performance is impacted extremely by pilot
contamination. To assess the error probability achievable in
the uplink and downlink of Massive MIMO at finite
blocklength the [6] provides a framework for the
characterization and numerical evaluation using the
saddlepoint approximation method. According to the
authors in [6] the infinite blocklength assumption may give
incorrect error probability estimates. They prove that as the
number M of antennas grows to infinity the error probability
at finite blocklength goes to zero even under pilot
contamination if using minimum mean-square error (MMSE)
processing and spatially correlated channels. In [6] also
show that with a base station with M = 100 antennas and
used MMSE processing a target error probability of 10 can
be achieved only if the orthogonal pilot sequences are
assigned to all the users in the network.

The researchers in [7] proposed the general formula to
allocate pilot signals to guarantee delivery alarm traffic,
while also minimizing the number of pilots reserved for
alarms, thus maximizing the channel resources available for
other traffic in URLLC. They presented a collision trees
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algorithm, which allows for sharing the pilot are triggered at
the same time, and therefore it is beneficial for lower
probability alarms to share pilots more than higher
probability alarms.

The URLLC service standards require much lower latency
and higher accuracy than what current wireless systems can
guarantee. The main challenge in responding to these
requirements is the development of short packet
transmission, which is the opposite of the current standards,
which use a long data packet structure. There are many
papers that analyze the performance of short-packet
communication, including the maximal achievable rate at
finite packet length and finite packet error probability. The
authors of [8] find out the maximal channel coding rate
achievable at a given block length and error probability. A
review of recent advances in the theory of short-packet
communications was provided by the authors of [9]. They
gave three examples of how this theory can help design
efficient communication protocols that are suited to short-
packet transmissions. Their analysis indicates the insight is
that, when short packets are transmitted, it is crucial to take
into account the communication resources that are invested
in the transmission of metadata. This proclaims that these
are not well understood yet and that further research is
needed, both on theoretical and the applied.

3.SYSTEM MODELS AND PROBLEM FORMULATION
3.1. System models

The system model of uplink transmission in 5G systems
utilizing URLLC can be briefly shown in Figure 1. In this study,
we investigate the effect of the block size on the error
probability based on the normal approximation. We start by
considering the simple case in which the received signal is
the superposition of a scaled version of the desired signal
and additive Gaussian noise. This simple channel model is
used for the analysis of the length of the packet based on the
error probability achievable in massive MIMO networks. In
the simulation scenario, we assume that SNR = -20dB, and
the number of antennas =100 with perfect CSI. We survey
the relationship between the length of the block and the
average error probability in the uplink of a single-UE
multiantenna system.

Block data Gaussian Multi-antennas
Transmit power. | o| distribution > SHE,Data
UE - Sender Channel BS - Receiver

Figure 1. The diagram of the communication system

To survey the block length in the URLLC we present the
block length structure in Figure 2. A packet consists of 3
components that are pilot, ECC Redundancy and
Information. Where N is the packet length of the Massive
MIMO system. There are many studies that give the right
ratio between Pilot and Information to achieve the highest
information transmission performance. In this study we
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surveyed and gave a suitable N length to achieve a
probability of a goal error of 10°.

N

Information

Pilot | ECC Redundancy

Figure 2. Block structure
3.2. Problem formulation

Shanon's information theory applies for long block-
length wireless communications so that in URLLC it will not
be accurate and will lead to non-optimal radio resource
allocations. Thus, a new theory must be proposed and
studied to satisfy the new standards in 5G. During the last
decades, the information theory community has made
significant progress to resolve the problem of transmitting
short packets. The author Polyanskiy provided a formula
called Normal approximation for finite block-length
information theory.

The authors showed that in various channels with
positive capacity C(p), the maximal achievable rate for short
block-length transmission can be approximated following
(8.

R(n,€) = C(p) — [“2Q " (e) + 0(ED) M
Where: V(p) is channel dispersion with:

V= (1= g5n (0g20)” @
Q(x) is Q - function or error function with:

Q) =€e= fxoo e % dz (3)
N: block size

€: error probability.

The normal approximation formula has made a
breakthrough in short packet communication research
applied to URLLC [10]. It provides accurate results for
medium block length with n > 200, but the results are
inaccurate for very short block length when n « 200. The
other proposal approximation is called saddlepoint
approximation, and the authors proved that this
approximation outperforms the normal approximation,
specifically in the case of a very short block length. Another,
saddlepoint approximation is an accurate performance
metric for URLLs over the entire range of the system
parameters [10, 11]. The saddlepoint approximation leads to
the following expansion [12]:

R(T,s) = 7 (Is(p) = ¥ps)T)) (4)
€' (T,5) < eMVpsM-Thps(0)] [‘Pp,S LD +Y¥,sA-1t10+
Rps() 1
=220+ 0()| (5)

Where: O(%) is uniformint,s,and p.
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4. PROPOSED APPROACH

The proposed approach for optimizing the length of
blocks is developed based on normal approximation and
saddlepoint approximation theory. The proposal is inspired
from finding the trade-off points between the latency and
the reliability of the system. The algorithm of this proposed
approach is presented as:

The algorithm for block length survey is shown following:

Algorithm

Input:
M: number of antennas.
SNR: signal to noise ratio.
B: information bit.
Output:
N: length of block.
Esp: error probability.
1. Set parameters M, SRN, B.
2. Set N =30.

3. Initialization channel information (Calculate
capacity Gaussian channel, Dispersion Gaussian
channel).

4. While N<200:
Generate channel.
Estimate channel.

Evaluate error probability for perfect CSI base on
normal approximation and saddlepoint approximation.

Update N=N+5

Repeat step 4.
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Figure 3. Relationship between the block length and error probability
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Figure 4. Block length and error probability when BS’ antennas =300

Figures 3 and 4 show the relationship between block
length and error probabilities in the UL of a single-UE multi-
antenna system. In this, the number of antennas is 100,
SRN = -20 dB, and the MR method is used for estimating
channel. According to the Figure 3a simulation results, the
block length should be around 175 bits if saddle point
approximation is used, or 180 bits if normal approximation
is used, to achieve error probabilities less than 107%. The
block size can be reduced when SNR increases, as shown in
Figure 3b.

In the same scenario, if the number of antennas at BS
increases to 300, as shown in the results in Figure 4, there
will be a significant reduction in block length.

5. CONCLUSION

In this paper, we presented the new information theory
based on transmitting short packets, which can support the
high reliability targets demanded in URLLC. Specifically, we
find the block size in the uplink of a single-UE with a BS
equipped with multi-antennas. The result of finding the
length of the block based on recent results using the normal
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approximation and saddle point approximation
method. This research applies to a realistic Massive MIMO
network with imperfect channel state information, spatially
correlated channels, arbitrary linear spatial processing, and
randomly positioned UEs.
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