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Abstract.  V2X has extremely high requirements for real-time information transmission,
demanding as low a latency as possible to obtain timely information and maintaining a
sufficiently high reliability to ensure complete and secure information. RSMA avoids
complex successive interference cancellation (SIC) operations, such as those performed in
NOMA, through a layered signal processing method. Although RSMA can enhance
robustness, it has a high dependence on instantaneous channel knowledge. The
segmentation, coding, and resource allocation for different parts of the signal all require
more complex algorithm support, gradually increasing the complexity of RSMA and making
it unable to meet the information transmission requirements in the V2X environment. This
paper introduces a reconfigurable intelligent surface (RIS) into RSMA, using only second-
order channel statistics to construct an algorithm with a quasi-closed-form solution,
eliminating the dependence on instantaneous channel knowledge. Simulation results show
that this method can effectively reduce computational overhead and is expected to become a
solution for the development of next-generation 6G vehicle communication systems.
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1. Introduction

The Internet of Things (IoT) and Vehicle-to-Everything (V2X) communication are key technological
domains. V2X enables real-time data exchanges between vehicles, infrastructures and users.
Typically, a minimal delay is required by V2X when delivering messages (e.g. <10-20ms), in order
to support real-time warnings, where timely data exchange is indispensable. Hence, a low latency is
required by this system. Apart from that, V2X also claimed for high reliability to ensure a high
packet delivery ratio, so that safety-critical messages are allowed to be transmitted and received
accurately. However, to achieve minimal response time and supreme robustness in highly dynamic
and congested V2X environments, advanced physical-layer technologies such as Rate-Splitting
Multiple Access (RSMA) and Reconfigurable Intelligent Surfaces (RIS) have emerged and are
regarded as practical solutions [1].
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RSMA divides user signals into two parts: a private component that is decoded by the
corresponding user alone, and a shared part that is decoded collectively by all users [2]. This layered
signal processing method enables RSMA to perform well in delay characteristics, since it avoids
complex Successive Interference Cancellation (SIC) operations in NOMA, reducing the time
overhead of signal processing, which can better meet the low-latency requirements of V2X [3,4].
RIS is a metamaterial-based technology that dynamically controls electromagnetic wave propagation
using tunable passive elements [5].

However, in current schemes, RSMA has the problem of high complexity. The splitting, encoding
of signals, and resource allocation of different parts all require more complex algorithm support.
Although several methods to reduce complexity have been proposed, overall, the implementation
complexity of RSMA remains higher than that of Space Division Multiple Access (SDMA) and
Non-Orthogonal Multiple Access (NOMA) [6]. Using only second-order channel statistics, the
technique in [6] employs a low-complexity rate splitting (RS) strategy for RIS-assisted systems,
eliminating the need for frequent CSI updates. The main limitation is that the performance may be
suboptimal compared to methods with instantaneous CSI, especially in rapidly changing channels or
at high transmit power levels. In [7], In order to control co-channel interference, it suggests an
RSMA method for a UAV-based RIS-assisted vehicular network. It derives analytical expressions
for outage probability and optimizes power allocation to minimize it. However, high computational
complexity in power optimization that increases exponentially with users, and the presumption of
perfect channel state information (CSI), and the use of approximations that may reduce accuracy in
highly dynamic environments are its drawbacks.

Our work mainly focuses on the downlink transmission process in V2X communication
scenarios. In this work, we propose an algorithm that employs a quasi-closed-form solution relying
solely on second-order channel statistics, which reduces the system design complexity by
eliminating the need for frequent CSI estimation and joint optimization of the precoding filters and
RIS phase shifts within each channel coherence interval. This approach significantly reduces
computational overhead and channel estimation burden, as it relies on long-term statistical channel
information rather than instantaneous CSI. The optimization of precoders and RIS phase shifts is
required only when the channel statistics change, not in every coherence interval.

2. System model

This study mainly focuses on the downlink transmission process in V2X communication scenarios,
where signal propagation is often affected by obstacles like buildings; to mitigate signal attenuation
in this context, we suggest a RIS-assisted V2X downlink system.

The proposed V2X downlink system consists of three core components with clear functional
divisions: the base station (BS) serves as a signal transmission source, responsible for generating
downlink signals and sending them to users; RIS acts as a passive signal adjustment node,
optimizing the propagation path of downlink signals by adjusting the phase of its reflecting elements
to reduce signal attenuation; and the downlink vehicle, serves as a user equipment (UE) in the
system, is responsible for receiving and decoding the downlink signals sent by the BS.

The fixed and configurable parameters of the system are defined based on simplified V2X
communication requirements: the fixed parameters include 4 transmitting antennas of BS, a
maximum of 2 users supported by the system (denoted as     , where      represents the total
number of users), and 3 reflecting elements of RIS; the configurable parameter is the total
transmission power of the BS, which can be set to 10, 20, 30, 40, or 50 dBm. The specific value is
determined by different application scenarios.

K = 2 K
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The key signal transmission and channel characteristics in the system are defined as follows:    
denotes the total transmitted signal of the BS;     represents the common stream signal, with     as
its precoding vector;     stands for the private signal for user    , with     as its precoding vector;  

 , as mentioned above, represents the total number of users;     is the channel vector between the
user     and the BS;     is the additive noise at the receiver of user    , which typically assumed to
be Gaussian noise.

The figure below depicts the system model's intricate structure.

Figure 1. The system model

3. Problem formulation

Ensuring ultra-reliable, low-latency connection under high mobility situations is essential for V2X
communications. However, conventional techniques such as NOMA and SDMA are insufficient
when faced with the challenges of rapidly changing channels and imperfect CSI in high-velocity
V2X environments. This study focuses on the Rate-Splitting Multiple Access (RSMA) technique,
which provides a promising solution by splitting user signals into a common part and a private part.
While RSMA has distinct advantages over NOMA and SDMA, such as better robustness and less
susceptibility to error propagation, it suffers from high computational complexity due to the need for
frequent CSI updates and joint optimization of the precoding vectors and RIS phase shifts.

The expression for the transmitted signal is:

(1)

    is the common stream's precoding vector, and     is the common stream signal,     is the
precoding vector for user K, and     is the private signal for user    .     is the direct channel for
user,      is the RIS reflection channel for user,      is the RIS phase control vector,      is the
complex weighting matrix of the RIS.

The signal that every user receives is:
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(2)

    is the noise for user    , which is complex Gaussian distributed with zero mean. The sum rate
of the RSMA system can be expressed as:

(3)

with:

(4)

1) Total Power Constraint:

2) RIS Phase Constraint:

where     is the phase shift at the    -th element of the RIS, and     is the total number of RIS
elements.

This optimization problem is generally non-convex due to the coupling between the precoding
vectors, RIS phase shifts, and the SINR (Signal-to-Interference-plus-Noise Ratio) at each user.
Solving this problem using traditional methods like Weighted Minimum Mean Square Error
(WMMSE) requires iterative updates for both the precoders and RIS phase shifts, leading to high
computational complexity. This complexity is particularly problematic in low-latency V2X
environments, where real-time adaptation is essential, and milliseconds matter.

Therefore, an efficient approach that reduces this computational burden while maintaining system
performance is needed. The challenge lies in optimizing the system without relying on frequent
updates of CSI and complex joint optimization across all system parameters.

4. Proposed method

To reduce the computational complexity while ensuring high performance, this paper refers to [6-10]
which proposes a novel method that exploits second-order channel statistics instead of relying on
real-time instantaneous CSI. Second-order statistics, such as channel covariance matrices, can be
obtained through long-term observation of the channels, and they are more stable compared to
instantaneous CSI. This reduces the need for frequent updates of the RIS phase and precoding
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vectors within each channel coherence interval, as the channel covariance typically changes at a
slower rate.

The key idea is to treat the covariance matrix as an approximation of the channel, and based on
this, design the precoding vectors and RIS phase shifts in a way that remains stable over the duration
of the channel coherence time. By only optimizing the system parameters once per coherence
interval, this paper significantly reduces the computational burden associated with updating CSI in
each time slot. So the equation (4) can change to:

(5)

Ckis the channel covariance matrix of user    .
The goal of this study is to optimize the system's overall rate. The optimization goal is to

maximize the overall rate for every user to accomplish this. The optimization issue can be expressed
as follows:

(6)

To solve the non-convex optimization problem, this paper uses Second-Order Cone Programming
(SOCP) to transform the original problem into a convex form.

The standard form of SOCP:

(7)

Second-order cone:

(8)

Rotated second-order cone:

(9)

Transforming the power constraints into second-order cone (SOC) form:
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Specifically, this paper transforms the power constraints and the SINR approximation objective
into quadratic constraints that can be efficiently solved. The objective function is transformed as
follows:

(11)

with:
1) Power constraint:

2) RIS phase constraint:

3) Second-order cone constraints:

Compared to conventional approaches, this paper's use of SOCP results in a convex problem that
can be effectively solved with the aid of tools like CVX, greatly lowering the computing complexity.

5. Results and discussions

This section presents the comparative performance of NOMA, conventional RSMA, and the
proposed low-complexity RSMA under downlink V2X scenarios. It is important to clarify that the
results for NOMA and RSMA are obtained through actual simulations based on the defined system
model, while the performance of low-complexity RSMA is illustrated only as an indicative trend
rather than as a complete algorithmic implementation.

Figure 2 shows the convergence performance of the three schemes. The actual simulations
demonstrate that conventional RSMA achieves higher sum-rate than NOMA after several iterations,
due to its ability to split signals into common and private parts and thereby mitigate inter-user
interference more effectively. The predicted curve for the low-complexity RSMA suggests even
faster convergence and a higher steady-state sum-rate, indicating that using second-order channel
statistics could reduce computational burden while improving efficiency. Although this curve is not
based on a full simulation, it highlights the potential relevance of the proposed approach for latency-
critical V2X applications.

The power-scaling behavior is illustrated in Figure 3. Across different transmit power levels,
conventional RSMA consistently outperforms NOMA, confirming its advantage in terms of spectral
efficiency and robustness against imperfect CSI. The predicted trend for the low-complexity RSMA
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lies above both RSMA and NOMA across the entire power range, suggesting that the simplified
approach could further enhance throughput while keeping complexity low. These curves should be
interpreted as forecasts rather than validation, serving to illustrate the intended design philosophy
rather than to provide definitive evidence.

From an algorithmic standpoint, the optimization of precoders and RIS phase shifts is inherently
non-convex and typically solved with iterative procedures such as WMMSE. Such methods,
however, are computationally demanding and unsuitable for the strict millisecond-level latency
requirements of V2X. The proposed framework, by contrast, leverages quasi-closed-form
expressions derived from second-order channel statistics to avoid frequent re-optimization. A
pseudocode outline of the intended computational flow—comprising initialization, covariance-based
optimization, and performance evaluation—was provided in the methodology section, though no
full-scale implementation was carried out in this work. This ensures consistency between the parts
that were simulated (NOMA and RSMA) and those that remain forecasts (low-complexity RSMA).

Overall, these results convey two main insights. First, actual simulations confirm the practical
advantage of RSMA over NOMA in V2X scenarios, reinforcing its suitability in high-mobility and
low-latency environments. Second, the predicted curves for low-complexity RSMA, although not
conclusive, point toward a promising pathway to balance robustness, latency, and computational
complexity. Future work will therefore focus on implementing the simplified algorithm and
evaluating it under realistic vehicular conditions, including Doppler effects and CSI aging.

Figure 2. Convergence plot for low complexity RSMA, RSMA, NOMA
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Figure 3. Sum rate vs transmit power in dB

6. Conclusion

The final draft of Release 19 was discussed by 3GPP. As the stage when 5G technology is constantly
advancing and 6G is beginning to thrive, V2X communication still faces challenges such as
escalating system complexity and the uncertainty of high-mobility channels during this transitional
period. In response to this scenario, this paper proposed a method that combines traditional and
novel approaches for V2X network communication. The scheme adopts a joint beamforming and
phase control design, integrating intelligent reflecting surfaces (RIS) into the RSMA communication
framework to achieve a low-complexity algorithm.

The core method of this paper optimizes the joint beamforming and RIS phase control by using
the second-order statistical characteristics of the channel. By employing long-term channel statistics
instead of real-time instantaneous channel state information, the proposed framework can
significantly reduce complexity, lower computational loss, and ensure efficient transmission. This
approach addresses key challenges in traditional V2X systems, such as limited spectral efficiency
and high requirements for frequent RIS configuration.

Actual simulations in this study compared NOMA and conventional RSMA, confirming that
RSMA achieves clear performance gains in terms of sum rate. In addition, illustrative prediction
trends for the low-complexity RSMA scheme suggest that further improvements may be possible by
leveraging second-order channel statistics, particularly in terms of faster convergence and better
scalability.

In conclusion, this paper presents a high-efficiency, robust, and low-complexity V2X
communication architecture. While the results for low-complexity RSMA remain indicative rather
than conclusive, the proposed integration of reconfigurable intelligent surfaces and advanced
multiple access technologies offers a promising solution for the development of next-generation 6G
vehicular communication systems.
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