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AbstrAct

To meet the demands of mobile networks 
toward 2020, 5G has emerged. Compared to 4G, 
the 5G network will be deployed in higher-frequen-
cy bands, such as 3.5 GHz. Meanwhile, in order to 
save costs, operators expect to deploy the 5G net-
work by reusing the legacy sites of 4G networks. 
Note that the coverage of base stations decreases 
with the increase of carrier frequency, and cover-
age enhancement techniques are required in 5G 
to cope with the coverage loss. In this article, cov-
erage enhancement techniques are first analyzed. 
A field trial adopting pre-commercial 5G systems 
is then set up to assess the coverage performance. 
The analysis along with the promising field trial 
results indicate that the coverage of the 3.5 GHz 
frequency band can be guaranteed in the 5G net-
work deployed with 4G legacy sites.

IntroductIon
With the advent of new technologies and smart 
consumer electronics, innovative service and 
use cases impose high data rate and low laten-
cy requirements of mobile networks, making it 
extremely challenging for the fourth generation of 
mobile communication system (4G, also termed 
as long term evolution, LTE). Under such circum-
stances, the fifth generation of mobile communi-
cation system (5G) has emerged [1, 2].

Following the requirements of 5G [1], the third 
Generation Partnership Project (3GPP) developed 
the specifications for 5G New Radio (NR) [3] in 
June 2018. Many trials have been conducted by 
mobile operators and infrastructure vendors so 
far, and results on performance evaluations of 
key 5G technologies, such as 3D-multiple input 
multiple output (3D-MIMO) [4, 5], polar code 
[6], new waveform [7, 8], and new modulation, 
have been summarized in [9]. The coverage of 
3.5 GHz is studied by a full-scale trial with an NR 
testbed compared to the 2.1 GHz LTE band [10], 
and the channel measurements and experimental 
results for millimeter-wave frequency bands have 
been reported in [11, 12].

However, few trial results can be found regard-
ing the system-level performance of 5G NR. More-
over, few results are available for coverage-related 
trials at the network level. Note that during the ini-
tial deployment of 5G, it is more economical for 
operators to reuse legacy 4G sites. Therefore, it is 
vital to assess the coverage of 5G NR against that 
of 4G to see whether such deployment is feasible.

To fill the gap, this article first introduces and 
analyzes coverage enhancement techniques, and 
the theoretical gain is then validated by the field 
trial results of 5G NR operated at the 3.5 GHz fre-
quency band. System-level key performance indica-
tors (KPIs) are tested and network-level coverage is 
assessed against that of a legacy LTE network.

The remainder of this article is organized as 
follows. The description of the 3.5 GHz 5G NR 
pre-commercial system is introduced in the fol-
lowing section. Then we address the coverage 
enhancement techniques of 5G NR. The field trial 
setup is then described, and the trial results are 
analyzed. The final section concludes this article.

3.5 GHZ 5G nr Pre-commercIAl system
To meet spectral efficiency requirements, a time 
division duplex (TDD) system with 3D-MIMO is 
adopted in the field trial since the channel reci-
procity of TDD facilitates the usage of 3D-MIMO. 

numeroloGIes

For orthogonal frequency-division multiplexing 
(OFDM)-based systems, numerology is main-
ly defined by the sub-carrier spacing (SCS) and 
the length of cyclic prefix (CP) which is used to 
eliminate inter-symbol interference (ISI). Flexible 
numerologies are supported in 5G NR where 
SCSs of 15 kHz, 30 kHz and 60 kHz are support-
ed for the data channel of sub 6GHz bands [3].

Apparently, larger SCS provides higher toler-
ance of Doppler spread, shorter symbol length and 
delay. On the other hand, smaller SCS provides 
longer symbol duration, longer CP, and higher 
capability to eliminate the ISI caused by multipath 
propagation. By comprehensively considering the 
factors above, the SCS of 30 kHz is selected.

FrAme structure

In NR, downlink and uplink resources can be 
assigned semi-statically and organized into periods 
within which downlink resources are allocated 
in the front and uplink resources are at the end. 
To reduce the overhead, one downlink/uplink 
switching point is supported in each period.

With the intent to reduce the overhead caused 
by the guard period required for wide-area 
deployment while maintaining the latency require-
ment of 4 ms, a frame structure with a 2.5 ms 
downlink/uplink switching period is configured 
in the trial. In the frame structure, each time slot 
duration of 0.5 ms contains 14 OFDM symbols 
with 30 kHz SCS. The ratio between downlink 
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and uplink resource can be flexibly configured 
according to the traffic load. Table 1 summarizes 
the details of the trial system.

3d-mImo bAse stAtIon

To achieve high spectral efficiency, 3D-MIMO 
plays a key role in 5G [4], where a 2-dimension 
antenna element matrix with 8 columns and 12 
rows is used. Each column is dual-polarized, indi-
cating a total of 192 antenna elements. Three 
vertical antenna elements with the same polariza-
tion are tied to one transceiver, so that the 192 
antenna elements are mapped to 64 transceivers. 
It is shown that 64 transceivers achieve a balance 
between performance gain, implementation cost 
and complexity [4].

Channel reciprocity based beamforming is 
exploited in the system, where the beamforming 
vector is determined from the estimated channel in 
the uplink. To be specific, the UE transmits a sound-
ing reference signal (SRS), and the minimum mean 
square error (MMSE) criteria is applied to estimate 
the uplink channel. With the estimated channel, 
for SU-MIMO, the precoder for downlink is calcu-
lated by singular value decomposition (SVD), and 
for MU-MIMO, it is calculated using the zero-forc-
ing block diagonalized (ZFBD) scheme in [13]. 
Furthermore, for channel state information (CSI) 
acquisition, considering the case that the number 
of transmit antennas is less than that of the receiv-
ing antennas at the UE (e.g., 4Rx/2Tx), the time-di-
vision switching transmission of SRS is employed 
to obtain the full CSI. Taking the 4Rx/2Tx UE as 
an example, in one uplink slot, the SRS is trans-
mitted from two antennas; then in the following 
uplink slot, the SRS is transmitted from the other 
two antennas. By using SRS switching, the CSI for 
all downlink channels can be obtained.

ue
For LTE, the typical antenna configuration for UE is 
to use one antenna to transmit and two antennas 
to receive (2Rx/1Tx). Since 5G is usually deployed 
with higher frequency bands than 4G, more anten-
nas can be placed without increasing the size of 
the smart phone, and it is possible to adopt four 
antennas for smart phones. Considering that the 
radio frequency (RF) chain of transmission is more 
expensive than that of reception, 4Rx/2Tx is pre-
ferred for 5G smart phones. On the other hand, for 
other forms of terminals with larger size, such as 
laptops, tablets and communication devices in cars 
or helmets, more antennas such as 8Rx/4Tx, might 
be used to achieve better array and diversity gain.

coverAGe enHAncement For 5G
Since China Mobile’s 4G network is mainly 
deployed with 1.9 GHz and 2.6 GHz frequency 
bands, both frequency bands are used as a base-
line for coverage assessment. Based on the chan-
nel propagation model in [14], the propagation 
discrepancies among 1.9 GHz, 2.6 GHz and 3.5 
GHz frequency bands are assessed. It is shown 
that in typical outdoor-to-indoor coverage scenar-
ios with low penetration loss, the propagation of 
3.5 GHz is 10 dB worse than that of 1.9 GHz and 
4 dB worse than that of 2.6 GHz.

Since reusing legacy 4G sites for 5G deploy-
ment is a feasible and economic approach, cover-
age enhancement techniques are needed to fill the 

gaps of the higher frequency band. In this section, 
feasible enhancement techniques and their effect 
on the coverage of 5G system are analyzed.

coverAGe enHAncement tecHnIques

To enhance the coverage of 5G NR, both control 
channel and data channel should be considered. 
Since data channel coverage can be salvaged by 
3D-MIMO and retransmission schemes such as 
hybrid automatic repeat request, this section will 
focus on the enhancement scheme for control 
channels, including physical broadcasting chan-
nel (PBCH), physical downlink control chan-
nel (PDCCH), physical random access channel 
(PRACH) and physical uplink control channel 
(PUCCH).

Beam Sweeping: In 4G systems, PBCH and 
PDCCH carrying common information are trans-
mitted using a single beam with relatively large 
horizontal beam width, for example, 120 degrees 
to cover a sector. For 5G NR, it is designed with 
the possibility of transmitting PBCH and common 
PDCCH in a beam sweeping manner, that is, 
multiple copies of PBCH and common PDCCH 
are transmitted in different beams under different 
time occasions. Each beam can be transmitted 
in a relatively narrow beam, which enables more 
concentrated energy on the beam direction and 
allows higher antenna gain. To be specific, up to 
eight beams can be supported for sub 6 GHz 5G 

Table 1. Key parameters of 5G NR trial system.

Frequency Band 3.5–3.6 GHz

Carrier bandwidth 100 MHz

Waveform
Downlink: OFDM 
Uplink: single-carrier frequency division multiple access (SC-FDMA) 
or OFDM

Numerologies and frame 
structure 

SCS: 30 kHz. 
Semi-static configured frame structure: 2.5ms downlink/uplink 
switching period, with three downlink slots, one uplink slot and a 
bi-directional slot with 10 downlink symbols, two symbol gap and 
two uplink symbols.

Guard band ratio 2.08%

FFT size 4096

Sampling rate 122.88 MHz

Total subcarrier bandwidth 97.92 MHz

Total available subcarriers 3264

OFDM symbol length (w/o CP) ~33.4 us

CP overhead ~6.67%

Multiple access Orthogonal multiple access

Modulation 
Downlink: 256 Quadrature Amplitude Modulation (QAM) 
Uplink: 64QAM

Channel coding 
Data channel: low density parity check (LDPC) 
Code control channel: polar code

Reference signal Demodulation reference signal (DMRS)

DMRS resource Share with PDSCH

UE antennas 2Rx/1Tx, 4Rx/2Tx and 8Rx/4Tx 

UE transmit power 23 dBm+23 dBm for 2 Tx
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NR systems. Hence, compared to the traditional 
single wide beam transmission scheme, a maxi-
mum of 9 dB beamforming gain can be achieved 
at the boresight direction by configuring eight 
beams. Note that to provide seamless coverage 
for the whole cell, multiple “copies” of PBCH 
and common PDCCH carried by different beams 
should be transmitted in different time instances, 
which may incur overhead. However, since all the 
“copies” of PBCH within the period are contained 
within 2 ms, therefore, no significant delay is 
introduced. In addition, directions of these beams 
need to be optimized according to specific cover-
age requirements of each scenario, so as to pro-
vide more accurate and efficient 3D coverage for 
both UEs in streets and high buildings.

Larger Aggregation Level for Common 
PDCCH: Compared with LTE, the NR system sup-
ports lower channel coding rate for PDCCH trans-
mission by allowing more assignable resources. 
Furthermore, owing to large bandwidth supported 
by NR, with more frequency resources allocated 
for PDCCH transmission, additional frequency 
diversity can be achieved. In LTE and NR, each 
PDCCH is transmitted using one or more control 
channel elements (CCEs), and the number of CCEs 
used for each PDCCH is dubbed as the aggrega-
tion level (AL). To be specific, the maximum num-
ber of AL for common PDCCH is eight in LTE, 
where each CCE corresponds to a nine resource 
element group (REG) consisting of four resource 
elements (RE). In NR, the supported maximum AL 
for common PDCCH is 16, where each CCE con-
sists of six REGs and each REG contains nine REs. 
It should be noted that the DCI bits carried by the 
common PDCCH are the same for NR and LTE. 
Therefore, with the assumption that the common 
PDCCH payload is the same, by doubling the max-
imum number of AL, a 3 dB gain can be obtained. 
Furthermore, considering the fact that the number 
of REs available in NR is larger than that in LTE, NR 
can provide more than 3 dB gain

Power Boosting: Another approach to 
enhance the coverage of PBCH and PDCCH is 
to increase the power density of subcarriers car-
rying these channels by “borrowing” the power 
from other subcarriers. As a consequence, the 
power density of the subcarriers from which the 
power is being “borrowed” is reduced to guaran-
tee that the total power of each OFDM remains 
unchanged. Currently, a 3 dB power boost can 
be implemented without noticeable impact to the 
system.

UE with 4Rx/2Tx: As mentioned above, 
4Rx/2Tx is a preferred antenna configuration for 
5G smart phones and more antennas, such as 
8Rx/4Tx, might be used by other forms of 5G 
devices with larger size. Compared to UE with 
2Rx/1Tx, an extra 3 dB coverage enhancement 
can be achieved in theory in both downlink and 
uplink transmissions for UE with 4Rx/2Tx.

High-Power UE (HPUE): For 4G, the typical 
UE transmit power is 23 dBm. This is mainly driv-
en by the regional regulation. However, a TDD 
system adopts non-contiguous transmission and is 
less susceptible to specific absorption rate (SAR) 
level requirement of the regulation. Therefore, 
UE with 26 dBm transmit power, dubbed the 
high power UE (HPUE), has been defined for LTE 
with Band 41 and commercialized. For 5G NR, 
HPUE is feasible and necessary for the coverage 
enhancement of 3.5 GHz. Compared to UE with 
23 dBm transmit power, HPUE can generate 3 dB 
coverage gain in uplink.

Enhancement for PRACH/PUCCH: Enhanced 
schemes applicable to specific uplink channels 
have been developed for 5G NR. For PRACH, 
a new format, Format 2, is introduced, where 
the PRACH sequence is repeated four times, 
achieving 6 dB coverage enhancement in the-
ory. For PUCCH, a repetition scheme is intro-
duced, where at most eight repetitions can be 
adopted, achieving a maximum of 9 dB cover-
age enhancement.

overAll coverAGe oF 5G nr
In Table 2, gains of the coverage enhancement 
techniques above are listed separately for differ-
ent 5G NR channels. It is shown that, in theory, 
a maximum of 18 dB, 15 dB, 12 dB and 15 dB 
can be achieved for PDCCH, PBCH, PRACH and 
PUCCH, respectively. As mentioned in previous 
sections, in typical outdoor-to-indoor coverage 
scenarios, the coverage of mobile systems of the 
3.5 GHz frequency band is 10 dB worse than that 
of 1.9 GHz and 4 dB worse than that of 2.6 GHz. 
Therefore, with all the coverage enhancement 
techniques, the control channel coverage of 3.5 
GHz NR can reach those of 1.9 GHz and 2.6 
GHz LTE networks.

From Table 2, PRACH seems to be the bot-
tleneck of the coverage enhancement. Howev-
er, it is not true since the PRACH implements 
sequence detection, which requires much lower 
signal over interference and noise ratio (SINR) 
than the demodulation threshold of PBCH, 
PDCCH and PUCCH.

FIeld trIAl setuP
To understand the fundamental performance of 
the 5G NR network and assess the feasibility and 
performance of coverage enhancements above, 

Table 2. Theoretical gains of 5G NR’s coverage 
enhancement techniques.

Downlink
Theoretical gain (dB)

PDCCH PBCH

AL for common PDCCH +3 —

Power boosting + 3 + 3

Beam sweep: eight beams +9

4Rx (UE) + 3 + 3

Total +18 +15

Uplink
Theoretical gain (dB)

PRACH PUCCH

3D-MIMO diversity gain  
(over 8-antennas in LTE TDD system)

+ 3 + 3

HPUE + 3 + 3

PRACH Format 2 + 6 —

PUCCH  
multi-slot repetition (1/2/4/8 times)

— +0/3/6/9

Total + 12 + 15

Compared with LTE, 

the NR system sup-

ports lower channel 

coding rate for PDCCH 

transmission by allow-

ing more assignable 

resources. Furthermore, 

owing to large band-

width supported by NR, 

with more frequency 

resources allocated for 

PDCCH transmission, 

additional frequen-

cy diversity can be 

achieved.
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field trials were conducted in Guangzhou, China 
in 2017. Pre-commercial base stations specified 
in Table 1 have been deployed and a 5G NR net-
work with seven sites has been constructed; the 
map of the sites is given in Fig. 1. The inter-site 
distance is around 680 m. Both line of sight (LOS) 
and non-LOS (NLOS) scenarios are included and 
all possible routes within the trial area are covered 
for data collection.

In the trial, three KPIs in terms of single-user 
peak data rate, cell throughput and user experi-
enced data rate are examined. For the peak data 
rate measurement, one test UE with the received 
SINR more than 30 dB is used. The UE imple-
ments 8Rx/4Tx antennas, and adopts the 256 
quadrature amplitude modulation (QAM) and 
the highest coding rate. For the field test of cell 
throughput and user experienced data rate, link 
adaptation is adopted based on the channel qual-
ity information (CQI) feedback from the UE, so as 
to reflect the various channel quality conditions 
for all the possible locations within the trial area, 
especially for those UEs located at the cell-edge 
which suffer from both weak signal power and 
strong inter-cell interference.

In the trial (Fig. 2), the 5G base station is split 
as two physical parts. One part is the active anten-
na unit (AAU) [4], which is a 2D antenna element  
array, a RF unit, and a heatsink. The other part 
is the baseband processing unit (BBU), where 
physical layer processing and protocol processing 
are conducted. The AAU is usually mounted on 
a tower or a lamp post, while the BBU is usually 
placed in the equipment room and connected 
to the AAU by two fibers. Two or three 3D-MI-
MO AAU are deployed per site, with an average 
height of 23 meters. The mechanical downtilt is 
96o relative to the Z axis. The key parameters of 
the AAU are as follows: bandwidth, 100 MHz; 
transmit power, 200 W; number of transceivers, 
64; number of antenna elements, 192.

The UEs applied in the field trial are FPGA based 
prototypes rather than commercial devices, which 
are box-shaped with antennas on top. It is clarified 
that the size and antenna placement of test UEs are 
not optimized well based on commercial require-
ments. In addition, the same type of antenna with 5 
dBi gain is used by both 4G and 5G test UEs for fair 
comparison. During the driving test, the UE anten-
nas are placed on top of the vehicle.

FIeld trIAl results
The test results of the KPIs and coverage of the 
5G NR trial network are analyzed in this section.

KPI
To evaluate the key performance of the 5G NR 
network, KPIs such as the single-user peak data 
rate, cell peak data rate, and the distribution of 
the user throughput observed during the driving 
test are examined.

Single-User Peak Data Rate: Single-user peak 
data rate is defined as the maximum throughput 
that can be achieved by a UE under a good chan-
nel condition and all the assignable radio resources 
can be utilized. The trial results of single-user peak 
data rate are presented in Table 3, where a down-
link peak data rate of 2.3 Gb/s can be observed 
when eight data streams with 64QAM are transmit-
ted, and 3.2 Gb/s is observed with 256QAM and 

eight data streams. Since for China Mobile’s 4G 
network (referred as 2.6 GHz 64QAM 2 layers), 
single-user downlink peak data rate is 110 Mb/s, 
achieved by exploiting the 64QAM and two spatial 
layers, the single-user peak downlink data rate of 
5G (referred as 3.5 GHz) is more than 20 times 
greater than that of 4G. The significant improve-
ment is brought by the larger bandwidth (which 
is 100 MHz for NR and 20 MHz for LTE), high-
er modulation order and larger number of spa-
tial layers. Based on theoretical calculation [15], 
if 64QAM or 256QAM is applied, the maximum 
peak data rate is 2.84 Gb/s or 3.79 Gb/s. Note 
that the test results are lower with range of 500 
Mb/s–600 Mb/s than the theoretical calculation. 
The reason is that in a practical field trial, the 
channel between the base station and the UE is 
a realistic fading channel, which indicates inter-lay-
er interference exists among the transmitted eight 
layers. The inter-layer interference leads to a lower 
SINR, which in turn reduces the coding rate and 
modulation level, and causes the gap between the 
test results and theoretical peak data rates.

The uplink single-user peak data rate is 388 
Mb/s with the transmission of four data streams 
and 64QAM, which is more than 20 times great-
er than that of China Mobile’s 4G network. If 
256QAM is implemented, the throughput will be 
further boosted.

Cell Throughput: To evaluate the throughput 
for a cell, 16 test UEs are statically distributed in a 
parking area, where full buffer service is adopted 
by all UEs. The results are also shown in Table 3. It 
is observed that 4 Gb/s downlink cell throughput 
can be reached in 5G when 16 users are served 

Figure 1. Sites map of the 5G field trial.

Figure 2. 5G AAU and test UE for field trial.
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with a total of 32 spatial layers, which is 100 times 
as much as that in 4G. An uplink cell throughput 
of 0.9 Gb/s can be obtained in 5G when 12 users 
are served with 12 spatial layers, which is 90 times 
of that in 4G. Deducting the impact of wider 
bandwidth, the spectral effi  ciency of 5G is much 
higher than that of 4G. Against the requirements 
of 5G, the trial system can meet it.

This significant improvement is explained by 
high order MU-MIMO and also limited interference 
from the neighboring cells due to a limited number 
of test UEs. It is expected that the cell throughput 
will become worse when the load in the neighbor-
ing cells increases. From pre-commercial fi eld trials 
to commercial deployment, advanced inter-cell 
interference cancelation and coordination need to 
be developed to enhance the 5G cell throughput 
and user experienced data rate.

User Experienced Data Rate Under Driving 
Test: The distribution of user-experienced through-
put should also be carefully examined since this 
indicator can truly reflect the user experience in 
the network for UEs with both good coverage and 
poor coverage. The test results show that for the 
cell-edge UEs, the downlink and uplink data rate 
for UEs at 5 percent the cumulative distribution 
function (CDF) is 100 Mb/s and 20Mb/s, respec-
tively. As a comparison, the downlink experienced 
data rate is 200 Mb/s in [10]. The reason for this 
diff erence is that the fi eld trial in [10] is based on 
a single base station, whereas in our field trial, a 
5G network with seven sites has been constructed, 
which brings inter-cell interference. The ratio of 

downlink and uplink is 48:2 in [10], while in our 
fi eld trial the ratio is 3:1, which has less downlink 
resources. The results show that the user experi-
enced data rate is high enough to support typical 
5G eMBB services. Nonetheless, the uplink data 
rate is much smaller than the downlink data rate 
due to the aspects of low transmit power of UE 
than base station, and heavy downlink to uplink 
ratio in the frame structure. It is envisioned that 
enhancing the uplink data rate, especially for 
the uplink cell-edge data rate, is one of the vital 
enhancements for future 5G commercialization. 

coverAGe PerFormAnce

In this section, we show the trial results of 5G 
coverage in NLOS scenarios, compared to that of 
4G. For fair comparison, 3.5 GHz 5G NR and 1.9 
GHz/2.6 GHz LTE TDD base stations share the 
same site and engineering parameters (i.e., down-
tilt angles and boresight angles). The test meth-
odology is briefly described as follows. The UE is 
placed at a location close to the base station and 
the PBCH, PDCCH, and PUCCH data connec-
tions are initiated. As the UE moves away from the 
base station, the data connection is examined, and 
the distance where the data connection drops is 
recorded as the coverage distance. Since GPS is 
equipped on both the base station and the test UE, 
the distance is calculated by the GPS information.

For the downlink, the coverage distance of LTE 
is 452 m in 2.6 GHz, while the coverage distance 
of 5G NR is 676 m. The coverage gain is achieved 
by beam sweeping, 3D-MIMO beamforming and 
higher UE capability, and so on.

To be specific, beam sweeping with four nar-
row beams is adopted in the test, with the beam 
sweeping pattern shown in Fig. 3. The beamform-
ing vectors defined for the four beams are [27, 
–7.1021, 80.4366, 154.3344, –117.1268, –41.229, 
48.3097, –127.7924], [27, –60.6622, –26.6836, 
–6.3458, 28.6328, 50.9706, 86.9492, –142.713], 
[27, –116.9786, –139.3164, –175.295, 163.3672, 
129.3886, 109.0508, –176.9278], [27, –170.5387, 
113.5634, 24.0247, –50.8732, –138.4119, 
147.6903, 168.1515], respectively.

This beam sweeping scheme can achieve 
a 3 dB coverage gain when compared to the 
traditional approach using one beam with 65o

horizontal width. Furthermore, it is noted that 
up to eight beams are supported for sub-6 GHz 
5G NR systems. Therefore, higher coverage gain 
can be achieved by using more beams. In addi-
tion, to compare with millimeter wave frequen-
cies, although the user experienced data rate 
is 500 Mb/s thanks to the large wideband, the 
coverage is small to 200 m due to refl ections or 
blockage in the test in [11, 12]. For the uplink, 
the test results show that coverage distance of 
5G NR is 608 m for the case of 4Rx/2Tx with 
26 dBm transmit power, and 362 m for the case 
of 2Rx/1Tx with 23 dBm transmit power. It is 
observed that the UE with higher uplink capabil-
ities can truly extend the coverage. In compar-
ison, the coverage distance of LTE is 245 m in 
2.6 GHz and 322 m in 1.9 GHz. The uplink cov-
erage gain is mainly dependent on the PUCCH 
repetition and higher power UE with 26 dB trans-
mit power. Note that the exact coverage distanc-
es are highly dependent on the channels and 
test routes. The 5G to 4G coverage ratio in 2.6 

Table 3. Comparison Of 5G NR and LTE.

Single-user peak data rate Cell throughput

LTE 5G LTE 5G

Downlink

2.6 GHz 
20 MHz 
64QAM 
2 layers

3.5 GHz 
100 MHz 
64QAM 
8 layers

3.5 GHz 
100 MHz 
256QAM 
8 layers

2.6 GHz 
20 MHz 
4 layers

3.5 GHz 
100 MHz 
32 layers

110 Mb/s 2.3 Gb/s 3.2 Gb/s 40 Mb/s 4 Gb/s

Uplink

2.6 GHz
20 MHz 
64QAM 
1 layers

3.5 GHz 
100 MHz 
64QAM 
4 layers

—
2.6 GHz 
20 MHz 
4 layers

3.5 GHz 
100 MHz 
16 layers

15 Mb/s 388 Mb/s — 10 Mb/s 0.9 Gb/s

Figure 3. Beam sweeping pattern in horizontal 
domain.
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GHz is provided to show the relative enhance-
ment. For the downlink, the ratio is 1.5, and for 
the uplink, it is 2.5 with 26 dBm transmit power 
and 1.5 with 23 dBm transmit power.

According to trial results, with coverage 
enhancement schemes, the overall coverage of 
3.5GHz 5G can be better than that of LTE TDD 
systems.

Future WorK to enAble 5G From  
Pre-commercIAl trIAl to commercIAl oFFerInG

There will be large-scale commercial trials in the 
transformation from pre-commercial trials to com-
mercial offerings. Unlike pre-commercial trials, 
large-scale commercial trials of China Mobile will 
include at least five cities in China, which enables 
verifying the interoperability between different ven-
dors, and the interoperability between 4G and 5G.

In addition, the commercialization of 5G still 
requires more effort on optimization from the per-
spective of both network and UEs. Specifically, 
from the network side, optimization of the beam 
sweeping pattern for PBCH and PDCCH needs 
to be performed for various scenarios to maintain 
coverage, while inter-cell interference coordination 
and cancelation is necessary to be considered to 
ensure the user experienced data rate. For UEs, 
commercial chipsets and devices should be ready 
instead of FPGA prototypes, in which the optimiza-
tion of antenna placement in the UE should be per-
formed based on the size restriction of commercial 
devices. In addition, for both network and UEs, 
how to optimize the system parameter, configu-
rations, and algorithms to cope with the Doppler 
spread caused by the movement of high speed 
trains or vehicles are also important to address in 
the future.

conclusIon
Coverage enhancement is necessary for 5G 
deployment in a higher frequency band by reus-
ing the 4G sites. In this article, feasible coverage 
enhancement techniques and their coverage gain 
are comprehensively analyzed. Pre-commercial 
trial results show that for single user data rate, 5G 
can attain a gain of 20 times more than that of 
4G, and for the cell throughput, it gains 100 times 
greater than that of 4G. The results also demon-
strate that the coverage of 5G deployed in the 
3.5 GHz frequency band can reach or even sur-
pass those of 4G systems deployed with 1.9 GHz 
and 2.6 GHz frequency bands. Future works to 
enable 5G from pre-commercial trial to commer-
cial offering are envisioned, including at least opti-
mization of the beam sweeping pattern, inter-cell 
interference coordination, and optimization of 
antenna placement in the UE.
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