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01 Introduction

The evolution of 5G technology continues to reshape the cellular connectivity landscape, driving innovation and
enabling a new generation of applications and services. While initial deployments and discussions have largely
centered on the remarkable improvements in downlink (DL) throughput, the significance of uplink (UL)
performance remains paramount, especially as 5G networks mature and diversify in their use cases. UL capabilities
are increasingly critical for applications such as real-time video streaming, interactive gaming and heavy uploads; all
of which demand robust, reliable, and high-capacity upstream connectivity.

As 5G networks expand globally and support an ever-wider array of UL-intensive applications, the need for
improved UL performance is more pressing than ever. Release 17 (R17) UL Transmit (Tx) Switching (SW) introduces
new mechanisms and optimizations that enhance UL flexibility, efficiency, and reliability, thereby supporting the
growing demands of end consumers.

This whitepaper serves as an extension to our previous publication “5G Uplink Enhancement Techniques” [8], where
we evaluated the performance of “Release16 (R16) UL Tx Switching and 3 Transmit (3Tx) Antenna Solution in 5G
NR” providing an in-depth analysis of these features and their impact on UL performance. Readers are encouraged
to refer to that whitepaper for foundational concepts and background, as this current work builds upon those
findings and explores the further enhancements introduced in R17.

In the following sections, we provide a comprehensive overview of the R17 UL Tx Switching feature, detailing its
technical foundations, deployment considerations, and expected performance benefits. Drawing on recent studies
and field evaluations, we aim to offer insights into how these enhancements can be leveraged to maximize UL
coverage and capacity, ultimately delivering superior user experience and improved system efficiency. Results
should be read in the context of the specific network configuration, spectrum, and deployment scenario tested.

02 R17 UL Transmit (Tx) Switching Overview

UL Tx Switching, introduced in 3GPP R16, is designed for dynamic management of UL data transmission. The
fundamental concept behind UL Tx Switching is to optimize the use of transmission opportunities with 2 Tx
antennas in the UL to maximize efficiency whenever possible.

Note that this whitepaper focuses on the concept of UL Tx Switching within the context of Carrier Aggregation (CA),
specifically addressing the scenario in which TDD + FDD UL CA (Carrier Aggregation) is employed on a SA (5G Standalone)

network.

In R16, 3GPP introduced UL Tx Switching between two frequency bands. When a UE supports only 1Tx on band A
(e.g., an FDD band) and 2Tx UL MIMO (Multiple Input Multiple Output) on band B (e.g., a TDD band), the UE can
transmit using a single Tx chain on band A and UL MIMO using two Tx chains on band B. Tx Switching allows devices
to switch between 1Tx and 2Tx modes depending on the active band.

With enhancements in R17, a device that supports 2Tx on both band A and band B can now switch transmission
between the two bands, enabling UL MIMO on either band through R17 Tx Switching with 2Tx-to-2Tx
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configurations. The main goal of this R17 improvement is to enable UL MIMO operation on both bands while still
using only two Tx chains overall.

To provide better clarity, let's distinguish between R16 and R17 UL CA with UL Tx Switching, as shown in Figure 1. In
R16 Tx Switching, when UL transmission is available on the TDD carrier, 2-layer UL MIMO (2Tx) is configured to
maximize capacity. If the TDD carrier is used for DL, UL transmission switches to the FDD component carrier (CC),
utilizing the available FDD resources. As a result, at any instant, UL transmission occurs as either 2Tx MIMO on TDD
or 1Tx on FDD, this setup is referred to as “Switched UL.”

With R17 Tx Switching, UL MIMO becomes feasible on both carriers (TDD and FDD). The device can dynamically
transmit with two chains on either carrier, depending on slot availability and scheduling, though transmission on
both carriers does not happen at the same time.
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Figure 1. R16 vs. R17 UL CA with Tx Switching operation

The network can instruct the UE to switch UL transmission between carriers or bands on a per-slot or per-subframe
basis. However, the UE cannot make this switch instantaneously; a required gap, known as the switching delay,
must be observed. This gap ensures reliable transmission and provides the UE with sufficient time to reconfigure its
RF front-end, baseband, and other components, so it can tune to the new carrier or band and adjust parameters
such as frequency, transmit power, antenna configuration, and timing.

Switching delay is defined as the time required for the UE to change its UL transmission from one carrier or band to
another after receiving the network's instruction. During this switching period, the UE may be unable to transmit UL
data. To accommodate this, the network manages the switching delay by scheduling “gaps”, periods with no
transmission allowing the UE to switch carriers or bands without causing data loss.
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03 R17 UL Transmit (Tx) Switching Performance Analysis

Figure 2 illustrates comparative theoretical throughput performance and gain percentages for 3GPP Release 16
(R16) and Release 17 (R17) transmit switching achievable configurations on MediaTek modem chipsets. The data is
presented for three scenarios:

e Release 16 Tx Switching 2Band 2Carrier (2B2C): Release 16, aggregates across two bands, supporting two
component carriers with FDD 50 MHz and TDD 100 MHz of bandwidth

e Release 17 Tx Switching 2Band 2Carrier (2B2C): Release 17, aggregates across two bands, supporting two
component carriers (with R17 transmit switching) with FDD 50 MHz and TDD 100 MHz of bandwidth

® Release 17 Tx Switching 2Band 3Carrier (2B3C): Release 17, aggregates across two bands, supporting three
component carriers (with R17 transmit switching) with FDD 50 MHz and 2 TDD carriers of 100 MHz each.
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Figure 2. R16 vs. R17 UL CA Peak Throughput Comparison (theoretical)

MediaTek's support for R17 2 band 3 component carrier with advanced Tx switching unlocks substantial throughput
gains (up to >100% over previous standards), robustly demonstrated via peak simulation results aggregating 250
MHz bandwidth (50 MHz in FDD, 200 MHz in TDD across 2 component carriers).

MediaTek also performed a field evaluation of the R17 UL Tx Switching feature using the UL CA combination of
n1A_n78A, where band n1 served as the PCell (Primary Cell) and band n78 as the SCell (Secondary Cell), with a
bandwidth of 10 MHz & 80 MHz respectively. The UE used for the evaluation supported 2Tx (UL MIMO) on both the
bands. Figure 1 illustrates the frame structure for the TDD band (n78, 30 kHz SCS), which operates with a slot
configuration using a DL : UL ratio of 4:1. It also shows the UL frame structure for the FDD band (n1, 15 kHz SCS),
where DL and UL transmissions occur simultaneously on separate frequencies. Unlike the TDD band, which uses
time-based switching between DL and UL, the FDD band supports concurrent DL and UL transmissions.
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Figure 1 provides an example of the slot patterns over a 5 ms period, consisting of 10 slots in total in TDD. For the
TDD band, each slot has a duration of 0.5 ms, while for the FDD band, each slot lasts 1 ms. These slot patterns
repeat over time, and based on these patterns the UE transmits with 2Tx either during the UL slot of the FDD band
or during an UL slot of the TDD band.

Figure 3 compares the peak UL throughput between R16 and R17 UL Tx switching feature under the same radio
configuration. R17 2Tx-2Tx switching provides a significant improvement in peak UL throughput achieving
approximately 43 Mbps (18%) higher throughput than R16 1Tx-2Tx switching. This result demonstrates the
advantage of R17 Tx switching technology in boosting UL performance.

Note: The observed 43 Mbps increase is specific to the testing frequency bands and available bandwidth on these bands, the
gain % or numerical value will vary based on the tested bandwidth.
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Figure 3. Peak UL Throughput Comparison Between R16 vs. R17 Tx Switching

Figure 4 shows how aggregate UL throughput (combined across both bands) varies with RSRP measured at the
primary cell (n78). As RSRP decreases, throughput falls accordingly, dropping to roughly 50% of its peak value at -90
dBm (medium radio conditions), while R17 Tx Switching remains active throughout the test, including under far-cell
conditions.
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Figure 4. RSRP vs. UL Throughput

Figure 5 compares RSRP versus total UL MIMO layers (cumulative across FDD & TDD bands) for R16 and R17 Tx
Switching, measured at the primary cell (n78). Under good-to-medium radio conditions, R17 sustains a higher total
layer count than R16, since R17 enables 2Tx UL MIMO on either carrier, while R16 is limited to a single Tx chain
whenever it switches to the FDD carrier. Below approximately -98 dBm, this gap narrows, and both converge
toward a similar, reduced layer count under the poorest conditions measured.
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Figure 5. RSRP vs. Total Uplink MIMO Layers

As an additional observation, TDD maintains a 2-layer UL MIMO configuration across a wide range of signal
conditions, which is essential for sustaining high UL throughput. FDD UL MIMO, however, is more sensitive to poor
RSRP: its layer count declines more rapidly than TDD's, primarily due to the lack of channel reciprocity and potential
power class limitations on the FDD band.
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Figure 6 depicts the correlation between RSRP and UL MCS (Modulation and Coding Scheme) for two frequency
bands. As RSRP decreases (signal quality becomes weaker), the average MCS values also decrease.

This reflects the fact that lower signal quality leads to the scheduling of lower MCS values to maintain reliable UL
communication. Higher MCS values are observed on TDD (n78) compared to FDD (n1), indicating that the mid-band
can sustain higher data rates (higher modulation) under similar channel conditions. However, as RSRP drops below
approximately -90 dBm (as highlighted in the figure), the difference in MCS between the n78 and n1 bands narrows
significantly, suggesting that both bands experience increasing degradation in UL throughput as signal conditions
deteriorate.
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Figure 6. RSRP vs. MCS

An additional critical aspect of Tx Switching is the transmit power of the UE. As the UE alternates its transmission
between FDD and TDD bands in the time domain, it can transmit at full power for each band, since it does not
transmit simultaneously between PCell and SCell, in accordance with the UE's power class. In this evaluation, the
UE supported Power Class 2 (26 dBm) for the tested band combination with Tx switching. The transmit power is
allocated separately for each band, which enables the UE to achieve higher transmit power, especially under
challenging radio conditions. As depicted in Figure 7, the maximum observed UE transmit power in the field was 23
dBm on the n1 band and 24 dBm on the n78 band, under far-cell radio conditions.
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Figure 7. RSRP vs. PUSCH Transmit Power

Figure 8 presents a consolidated view that compares the performance of various UL enhancement features,
including UL MIMO on single FDD and TDD carriers, R15 UL CA, and R16 and R17 UL CA Tx Switching (considering
the same bandwidth of 10 MHz and 80 MHz for FDD & TDD respectively). The analysis is based on peak UL
throughput under favorable RSRP levels in stationary conditions. UL MIMO on FDD and TDD carriers serves as the
baseline for single carrier performance, while R15 ULCA (FDD+TDD) serves as a reference point for carrier
aggregation.

The performance evaluation demonstrates the substantial gains delivered by Tx Switching technologies, with R17 Tx
Switching showing particularly notable improvements over earlier features. Specifically, R17 Tx Switching provides
an 80% increase in peak UL throughput compared to R15 ULCA and an 18% enhancement over R16 Tx Switching.
This significant boost is primarily attributable to R17's ability to enable full 2Tx MIMO operation on both carriers,
efficiently leveraging available radio resources.

Despite a reduction in FDD throughput caused by the 140 us Tx Switching gap, the overall aggregated throughput
achieved with R16 and especially R17 Tx Switching surpasses that of R15 UL CA. R17 Tx Switching stands out as the
most advanced and effective UL enhancement feature, offering maximum utilization of dual-carrier UL MIMO and
setting a new benchmark for UL performance.
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Figure 8. Peak UL Throughput Comparison

04 Way Forward

While current smartphones typically support only 2Tx antennas due to stringent requirements of form factor
optimization, these constraints are less critical for CPE devices. This flexibility allows for the integration of an
additional Tx antenna, enabling 3Tx configurations. The adoption of 3Tx has already been demonstrated to
significantly enhance UL performance, as well as improve spectrum utilization and data transmission efficiency (as
indicated in our earlier whitepaper [8]).

Building on the foundation of 3Tx UL CA (TDD+FDD), 3GPP Release 19 (R19) introduces the innovative 3Tx UL Tx
switching feature. Traditionally with 3Tx UL CA, during non-TDD UL slots, only a single Tx antenna has been utilized
for FDD UL. However, with the introduction of the new 3Tx UL Tx switching mechanism, it is now also possible to
simultaneously utilize two Tx antennas for FDD during non-TDD UL slots similar to that of R17 Tx switching.
Furthermore, with the UE capability to support 3Tx with 5-layers i.e. concurrent 2Tx transmission on two separate
TDD carriers (allowing two layers per TDD carrier), and one FDD carrier with 1-layer. This configuration, comprising
two 2-layer TDD carriers (intraband) and one 1-layer FDD carrier, is illustrated in Figure 9.

This advancement maximizes the use of available Tx for further enhancements to the UL Tx Switching mechanism
with even more Tx antennas in the future. The implementation of 3Tx UL Tx Switching is expected to deliver
substantial improvements in overall network performance, providing operators and end-users with even greater UL
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throughput, and more efficient spectrum usage. This makes the R19 3Tx UL Tx Switching feature a compelling
choice for next-generation 5G-Advanced CPE devices, and a key enabler for the proliferation of FWA services.
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Figure 9. R19 3Tx UL Tx Switching Technique

05 Conclusion

With the ever evolving and rapidly increasing demand for UL data, network operators may face mounting
challenges in optimizing UL performance and spectral efficiency within their 5G networks. The implementation of
UL Tx Switching marks a pivotal development in responding to these challenges. Field results of R17 Tx switching
are promising, demonstrating that this feature empowers carriers to advance their networks by intelligently
managing UL resources.

By expanding the scope to include 2Tx-2Tx switching and more advanced carrier aggregation scenarios, R17 Tx
Switching significantly enhances the network's ability to deliver high UL data rates and reliable connectivity for
eMBB and FWA applications. These improvements drive higher spectral efficiency, and user experiences, enabling
operators to serve more users with greater throughput, without the need for additional spectrum. This translates
to increased network capacity and ARPU, superior efficiency, and competitive positioning, all while meeting the
demands of a rapidly evolving market.

MediaTek's T930 platform exemplifies the commercial readiness of R17 Tx Switching. Beyond R17 Tx switching, the
T930 supports 6CC carrier aggregation, 8Rx, Power Class 1 for enhanced coverage and first-to-market innovations
such as 5-layer 3Tx across 3CC, achieving UL speeds of up to 2.8Gbps, setting a new benchmark for FWA solutions.
With its cutting-edge capabilities, the MediaTek T930 platform empowers operators and device manufacturers to
unlock the full potential of 5G networks and deliver exceptional user experiences.
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As the industry moves toward future 3GPP releases, Tx switching remains a foundational feature for next-
generation wireless networks, providing essential flexibility, capacity, and user experience in the 5G era.
Additionally, with the introduction of R19 3Tx UL TX-switching in the future, this feature can be integrated with 5-
layer 3Tx across 3CC to further enhance speed. This reflects MediaTek's strong, forward-looking roadmap, which
consistently delivers first-to-market products with advanced UL features that empower operators to maximize
spectrum utilization and uplink performance.
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