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Abstract – Data communication like download and upload are mostly used in utilizing downlink and uplink 

channel in data transceiver. This research analyzed comparison of download and upload Time Division 

Duplex (TDD) 2100 Mhz and Frequency Division Duplex (FDD) 2300 Mhz under bandwith 20 MHz using 

drive test. Based on The Key Performance Indicator (KPI) of Telkomsel, average Reference Signal Received 

Power (RSRP) of FDD is better with very good category (-95 until -80 dBm) amounted -91.4 dBm and -

89.4 dBm, while TDD namely -98,2 dBm dan -97,6 dBm. Average signal to Interference Noise Ratio (SINR) 

of TDD was better include into very good category (10 until 20 dB) amounted 13.4 dB and 12.1 dB, while 

FDD namely 8,9 dB dan 7,4 dB. Average Throughput Download in PDCP (Packet Data Convergence 

Protocol) and Physical Layer TDD was better with very good category (500 until 100000 kbps) namely 

22457.3 kbps and 26842.3 kbps, while FDD namely 18687.7 kbps and 21790.6 kbps. Average Throughput 

Upload in PDCP and Physical Layer FDD was better, included into very good category (3000 – 5000 kbps) 

namely 3733.12 kbps and 4425.9 kbps, while TDD reached 2832.34 kbps and 3175.4 kbps. The research 

result showed that the best parameter in FDD (RSRP and Throughput Upload) and TDD (SINR, CQI, 

Throughput Download), fulfilled KPI Very Good Category.  

  
Keywords: download, Frequency Division Duplex, Long Time Division Duplex, Time Division Duplex, 

Upload 
 
  

1. Introduction 

Data communication needs are increasing, such as the use of social media for live streaming 

via Internet services. As a result, optimal performance on the downlink and uplink of 4G LTE 

technology services is required. LTE technology provides a downlink data transfer rate of 100 

Mbps and an uplink data transfer rate of 50 Mbps [1], [2] . Orthogonal frequency division 

multiplexing (OFDM) is the multiplexing technique utilised, which is compatible with high-speed 

data and enhances communication quality[3]. The downlink modulation approach is OFDMA 

(Orthogonal Frequency Division Multiple Access), which allows simultaneous sharing between 

users in the time and frequency domains [4]–[8]. The usage of OFDMA might increase the Peak 

Average Power Ratio (PAPR), which reduces the efficiency of transmission power and 

necessitates high transmit power [5], [9], [10] As a result, the uplink employs Single Carrier 

Frequency Division Multiple Access (SCFDMA) using the Discrete Fourier Transform [10], [11] 

Furthermore, the SC-FDMA system offers a longer battery life [4], [10]. 

Time Division Duplex technology, Frequency Division Duplex, and a combination of both 

TDD and FDD (Advanced) technologies are used in 4G LTE technology [12]. TDD technology 

enables uplink and downlink channels to use the whole frequency spectrum in various time slots 

[13], [14]. This technique enables data to be broadcast and received in the same frequency channel 

with a brief time delay between them. Because the use of downlink channels is greater than that 

of uplink channels, TDD technology is the best solution because it can be configured to compare 

the use of downlink and uplink channels [15]. FDD technology employs two different carrier 

frequencies: one for transmission from the user (uplink) and one for reception by the user 
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(downlink) [16]. The balance between downloading and uploading data is good as a result of 

using different frequencies for sending and receiving FDD technology [15]. Furthermore, 

adaptive modulation and coding serve as a coding and modulation scheme that correlates to the 

channel quality indicator (CQI) [17], [18]. LTE network modulation schemes include 64 QAM, 

16 QAM, and QPSK [19], [20]. Good channel quality results in a large modulation order, coding 

rate, and bit rate capacity, and vice versa. 

 

Research comparing LTE network performance between FDD and TDD technologies is vital 

for network optimization, spectrum efficiency, enhancing user experience, cost-effective 

deployment, future planning, and maintaining a competitive edge in the telecommunications 

industry. Understanding the strengths and limitations of FDD and TDD becomes essential for 

making informed decisions about network upgrades and expansions. For telecommunications 

companies, staying ahead of the competition is crucial. Researching and understanding the 

performance differences between FDD and TDD technologies can provide a competitive 

advantage by enabling companies to offer better services and improve customer satisfaction.  

 

There has been little research into comparing download and upload results for 4G LTE 

networks. A previous study has been conducted on the coverage area of FDD and TDD 

technologies.  However, this study did not compare the downlink and uplink on 4G LTE 

technology. Furthermore, only RF (Radio Frequency) metrics such as Reference Signal Receive 

Power, Signal Interference Noise Ratio, and Reference Signal Received Quality are still used in 

the study. This study's contribution is limited to comparing the coverage area of 4G LTE FDD 

and TDD technologies using these three parameters. As a result, it is critical to continue this 

research with additional contributions, namely comparing the performance of the two LTE TDD 

technologies at 2300 MHz and FDD at 2100 MHz with the same bandwidth of 20 MHz using RF 

parameters as well as Throughput at the Packet Data Convergence Protocol (PDCP) and Physical 

Layer layers (PHY) on the downlink and uplink sides. Thus, data collection was carried out 

through a driving test to obtain download and upload data in real-time in the field to analyze the 

differences in the downlink and uplink TDD and FDD technologies. 

 

 

2. Research Method 

Drive Test is a data-collection activity that measures the radio signal received by a 

subscriber's mobile in real time to analyse cellular network performance and attempts to improve 

network quality [21], [22]. This study employs driving test software, TEMS Pocket, and logfile 

data analysis tools, TEMS Discovery.  LTE FDD with a frequency of 2100 MHz and LTE TDD 

with a frequency of 2300 MHz and a bandwidth of 20 MHz are used. Route Design is an important 

thing before doing drive test, it used Google Earth. The output of drive test is a logfile, and it is 

utilized to compare download and upload results between TDD and FDD technologies. The 

parameter employed was the Reference Signal Received Power (RSRP), which is a parameter that 

indicates the signal strength (Power) received by the user at a given frequency [23], [24]. There 

is also a Signal to Interference Noise Ratio (SINR) parameter, which is defined as the ratio of 

received signal power to interference or noise power by service consumers [25]. The bit rate or 

amount of data transmitted on a network in units of time is then the Throughput parameter [15].  

The LTE radio access technology architecture includes several major protocols, including the 

Physical layer (PHY) and the PDCP[26], [27]. Header compression and decompression, 

encoding, integrity protection, and data transfer are the primary functions of PDCP [28]. 

Meanwhile, PHY layer throughput will provide a contextual mapping of the precise pace at which 

data will be successfully transmitted[29] . In this work, throughput is measured using both the 

PDCP and PHY protocols. All the parameters are analyzed and if the data is not suitable, it has to 

re-drive test until completed. There are several stages in the study, namely as shown in Figure 1. 
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Figure 1. Diagram block of research. 

 

 

This research needs to be done by taking data in real time in the field through a drive test. 

For this reason, there are several things that need to be considered such as equipment preparation, 

route preparation, and data retrieval. In conducting a drive test there are several equipment 

prepared, namely Smartphones, Sim Cards, Global Positioning System, Laptops, and dongles. In 

conducting a drive test, it is necessary to design the route. This is necessary so that drive test 

activities run smoothly, so that researchers can find out how the condition of the research area. 

Route planning is done using Google Earth and Mapinfo Pro software to view site information 

info. 

The logfile results obtained from the results of taking drive test data will be processed using 

TEMS Discovery software. Start by creating a new project and importing Data Drive Test 

(Logfile) on TEMS Pocket with the format "trp". The parameters analyzed are RSRP, SINR, CQI, 

and Throughput at the PDCP layer and PHY at downlink and uplink. These parameters are 

analyzed according to the range of Key Performance Indicator of Telkomsel operators. 

 

3. Results and Analysis 

3.1. Processing of downloaded data 

The RSRP parameter shows the power of an eNodeB. Based on Figure 2 (a) and (b), it was 

analyzed that the RSRP parameters of TDD and FDD technology were dominated by the very 

good category (-95 to -80 dBm) of 232 and 294 samples with percentages of 33.97% and 49.66%. 

The bad categories (-110 to -100 dBm) TDD and FDD were 223 and 115 samples with 

percentages of 32.65% and 19.43%. Good categories (-100 to -95 dBm) TDD and FDD were 138 

and 89 samples with percentages of 20.2% and 15.03%. In the very bad category (-140 to -110 

dBm) TDD and FDD were 76 and 12 samples with percentages of 11.13% and 2.03%. And the 
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excellent category (-80 to 0 dBm) TDD and FDD are 14 and 82 samples with percentages of 

1.43% and 13.85%. 

 

 
(a) 

 
(b) 

 

Figure 2. The RSRP parameter of download result (a) RSRP TDD technology and (b) RSRP FDD 

technology. 

The SINR parameter shows the quality of the signal received by the user for services on the 

eNodeB. In Figure 3 (a) and (b) the SINR results of TDD and FDD technologies can be analyzed. 

TDD and FDD results in the very good category (10 to 20 dB) were 278 and 205 samples with 

percentages of 40.88% and 34.63. The excellent category (20 to 35 dB) TDD and FDD are 192 

and 59 with percentages of 28.24% and 9.97%. Good category data (0 to 10 dB) TDD and FDD 

were 152 and 235 samples with percentages of 22.35% and 39.7%. In the very bad category (-20 

to -5 dB) TDD and FDD were 38 and 24 samples with percentages of 5.59% and 4.05%. As well 

as the bad category (-5 to 0 dB) TDD and FDD as many as 20 and 69 samples with percentages 

of 2.94% and 11.66%. Based on these data, SINR TDD is dominated by the very good category, 

while FDD is dominated by the good category. 

 

  
(a) (b) 

Figure 3. The SINR parameter of download result (a) SINR of TDD technology and  (b) SINR of FDD 

technology. 
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Based on the time domain and frequency, CQI values show the quality of the communication 

channel. According to Table 1, the average value of CQI is 11 on TDD technology and 8 on FDD 

technology. Therefore, the CQI parameter for TDD technology is better than FDD technology. 

 
Table 1. The CQI comparison of TDD and FDD download result. 

CQI CQI in TDD CQI in FDD 

Average 11 8 

Minimum 3 2 

Maximum 15 15 

 

According to Table 2, the percentage of the two technologies has a varied throughput at each 

layer. The download findings analyse two layers: PDCP and PHY (PDSCH). In the very good 

category (5000-100000 kbps), PHY and PDCP TDD throughput percentage values were 95.05% 

and 95.14%, respectively, while FDD only attained 90.88% and 87.65. As a result, TDD 

outperforms FDD in terms of data throughput. 

 
Table 2. The percentage comparison of throughput download in PDCP and PHY layer. 

Category Throughput DL (kbps) PHY PDCP 

Very Bad 
0-1500 

TDD 2.7% 2.13% 

FDD 0.17% 1.02% 

Bad 1500-3000 
TDD 0.9% 1.06% 

FDD 2.36% 3.05% 

Good 3000-5000 
TDD 1.35% 1.67% 

FDD 6.59% 8.29% 

Very Good 5000-100000 
TDD 95.05% 95.14% 

FDD 90.88% 87.65% 

Excellent 100000-200000 
TDD 0% 0% 

FDD 0% 0% 

 

 

3.2. Processing of uploaded data 

Figures 4 (a) and (b) are the uploaded RSRP TDD and FDD parameters. The two 

technologies were dominated by the very good category (-95 to -80 dBm) with 348 and 304 

samples, respectively, corresponding to percentages of 45.37% and 47.06%. In the bad category 

(-110 to -100 dBm), TDD consisted of 224 samples with a percentage of 29.2%, while FDD had 

97 samples, accounting for 15.02%. In the very bad category (-140 to -110 dBm), TDD had 93 

samples (12.13%), and FDD had 97 samples (15.02%). In the good category (-100 to -95 dBm), 

TDD comprised 91 samples (11.86%), whereas FDD included 100 samples (14.48%). Lastly, in 

the excellent category (-80 to 0 dBm), TDD had 11 samples (1.43%), and FDD had 135 samples, 

representing 20.9%. 

 

Overall, the distribution of samples across different signal strength categories highlights a 

notable difference in the performance between TDD and FDD technologies. The FDD technology 

shows a higher concentration of samples in the excellent category, indicating better performance 

in terms of signal strength. Conversely, TDD has a higher proportion of samples in the bad and 

very bad categories, suggesting areas where signal improvement is needed. These observations 

can inform network optimization efforts, targeting specific areas where TDD lags behind FDD in 

signal quality. Additionally, the substantial presence of samples in the very good category for 

both technologies indicates that a significant portion of the network provides adequate signal 

strength, though there remains room for improvement, particularly for TDD in achieving higher 

signal quality similar to FDD. 
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(a) (b) 

 

Figure 4. The RSRP parameter of upload result (a) RSRP of TDD technology and (b) RSRP of FDD 

technology. 

 

Figures 5 (a) and (b) show the SINR parameters of TDD and FDD technologies. In the very 

good category (10 to 20 dB), TDD has 297 samples with a percentage of 38.82% and FDD reaches 

184 samples with a percentage of 24.48%. In the good category (0 to 10 dB), TDD has 194 

samples with a percentage of 25.36% and FDD reaches 284 samples with a percentage of 43.96%. 

In the excellent category (20 to 35 dB), TDD consisted of 185 samples with a percentage of 

24.18% and FDD reached 56 samples with a percentage of 8.67%. In the very bad category (-20 

to -5 dB), TDD consisted of 51 samples with a percentage of 6.67% and FDD reached 17 samples 

with a percentage of 2.63%. Furthermore, in the bad category (-5 to 0 dB) TDD was 38 samples 

with a percentage of 4.97% and FDD reached 17 samples with a percentage of 2.63%. Thus, SINR 

TDD is dominated by the very good category, while FDD is good. 

 

  
(a) (b) 

 

Figure 5. The SINR parameter of download result (a) SINR of TDD technology and (b) SINR of FDD 

technology. 
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According to the uploaded findings in Table 3, the CQI data for TDD technology has an 

average CQI value of 10, whereas FDD has an average CQI value of 8. TDD and FDD have a 

minimum CQI value of 2. As a result, CQI for TDD technology is superior to FDD. 
 

Table 3.  CQI comparison of TDD and FDD upload result. 
CQI CQI in TDD CQI in FDD 

Average 10 8 

Minimum 2 2 

Maximum 15 15 

 

Throughput parameters are investigated in multiple layers, including the Physical layer 

(PUSCH) and the PDCP layer. The throughput percentage of each layer is analysed using Table 

4, which displays the differences in each layer. TDD technology upload throughput at the PHY 

and PDCP layers is 33.44% and 28.53%, respectively, which are in the very good category (3000 

to 5000 kbps), but FDD technology is dominated by the excellent category (5000-100000 kbps) 

at 45.89% and 42%. As a result of uploading data, FDD technology exhibits improved throughput 

performance. 

 
Table 4. Throughput comparison of upload result in PDCP and PHY layer. 

Category Throughput UL (kbps) PHY PDCP 

Very Bad 0-1000 
TDD 18.49% 26.65% 

FDD 31.79% 36.14% 

Bad 1000-1500 
TDD 6.93% 7.35% 

FDD 4.64% 4.48% 

Good 1500-3000 
TDD 20.8% 20.17% 

FDD 9.11% 9.12% 

Very Good 3000-5000 
TDD 33.44% 28.53% 

FDD 8.57% 8.26% 

Excellent 5000-100000 
TDD 20.34% 18.3% 

FDD 45.89% 42% 

3.3. Comparison of download and upload results 

Based on actual data, FDD technology's RSRP parameters outperform TDD technology. It 

has been established that the RSRP on FDD averages 91.4 dBm and -89.4 dBm for both download 

and upload data outcomes. Meanwhile, the RSRP on TDD was -98.2 dBm and -97.6 dBm, 

respectively. This is influenced by the usage of FDD 2100 MHz technology, which has a lower 

frequency than TDD 2300 MHz technology. Because higher frequencies produce shorter waves, 

they enhance the occurrence of multipath fading. As a result, TDD technology has lower signal 

strength in this area. 

TDD technology outperforms FDD technology in SINR parameters. According to the results, 

the average SINR TDD for download and upload was 13.4 dB and 12.1 dB, respectively, while 

FDD was 8.9 dB and 7.4 dB. This is influenced by CQI in TDD technology, which is also better, 

with an average CQI of 11 and 8 in download and upload results, respectively, compared to 8 in 

FDD. The better the modulation, the higher the CQI value, and vice versa. 

The download and upload results show a disparity in the throughput of the PDCP and PHY 

layers. The average download and upload throughput values for TDD and FDD technologies are 

shown in Table 5. TDD technology's average throughput values for downloading the PDCP and 

PHY (PDSCH) layers are 22457.3 kbps and 26842.3 kbps, respectively, while FDD technology 

reaches 18687.7 kbps and 21790.6 kbps. The average throughput values of PDCP and TDD 

technology PHY in the upload results are 2832.34 kbps and 3175.4 kbps, respectively, while FDD 

is 3733.12 kbps and 4425.9 kbps. It can be seen that the PDCP throughput value is lower than the 

PHY throughput value. This is because the two layers have different responsibilities. The PDCP 

is responsible for ensuring that data is correctly delivered by compressing and decompressing 

header data, as well as sorting and interpreting the data sent, using various protocols. This adds 

extra overhead to data packets, resulting in a reduced throughput size at this layer. Because 

resources must be assigned in advance to carry out the encryption function, the complexity of 
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encryption at the PDCP layer demands more time and can reduce throughput. The PHY 

throughput shows control over coding or decoding, modulation/demodulation, and multi-antenna 

mapping, as well as a contextual mapping of the exact speed at which data is effectively delivered. 

The physical layer also includes a header, which contains the control and identifying information 

required for sending data through the network. The addition of headers may result in additional 

transmission overhead. The overhead at the physical layer, on the other hand, contains the least 

overhead required to perform the basic operations of transferring data through the transmission 

channel. Overhead at this layer differs from overhead at the layer above, such as the PDCP layer, 

which incorporates more complex compression, encryption, and other features. Furthermore, the 

throughput at the PHY layer is the effective speed at which physical data can be conveyed across 

the transmission media, hence the throughput at this layer is affected by modulation in actual real-

world settings such as interference hurdles. 
 

Table 5. Comparison of average throughput in TDD and FDD. 

Throughput Parameter 
TDD Technology FDD Technology 

Download Upload Download Upload 

Mean 

Throughput 

(kbps) 

PDCP 22457.3 2832.34 18687.7 3733.12 

PHY 26842.3 3175.4 21790.6 4425.9 

 

The difference between download and upload throughput is also determined by the downlink 

and uplink technology configurations. TDD technology employs type 5, which provides for an 

8:1 ratio of downlink to uplink use, implying that the downlink channel is superior to the uplink. 

This is also influenced by user traffic requirements. Currently, people prefer to access the internet 

through the downlink channel. As a result, using this form of arrangement is the best option. 

Unlike FDD, which has a different frequency for each downlink and uplink channel. This can 

effectively optimise both channels. As a result, the upload throughput value on TDD technology 

is lower than on FDD technology. 

4. Conclusion 

This study was successful in comparing download and upload speeds on 4G LTE technology, 

specifically TDD at 2300 MHz and FDD at 2100 MHz. According to the research, the RSRP 

results on FDD demonstrate better performance. This is because the frequency used on FDD is 

lower than the frequency used on TDD, resulting in a bigger coverage area in each eNodeB sector. 

The SINR parameter on TDD then performs better because of the usage of better modulation and 

channels in this technology. TDD technology's downlink and uplink channel capacities are 

affected by the configuration mode design used due to the use of one frequency for both channels, 

while FDD uses two different frequencies for the two channels. In this study, TDD technology 

uses a type 5 configuration with a downlink and uplink ratio of 8:1. Therefore, the download 

throughput (PDCP and PDSCH) of TDD technology is higher. The configuration type used in this 

technology supports more downlink capacity, whereas the upload throughput (PDCP and 

PUSCH) of FDD technology is higher because this technology balances the downlink and uplink 

channels. Thus, there are variances between TDD and FDD download and upload results, and 

based on the study of the data, these parameters have an average value in the very good category, 

and have satisfied Telkomsel's KPI standards. 
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