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I. INTRODUCTION

The maximum achievable sum rate is a critical question in the design and implementation of future vehicular communication systems, particularly in the context of emerging cellular IoT with massive IoT sensors and devices. It helps determining the overall capacity and efficiency of the system. With a wide range of potential use cases, such as extended sensors, vehicular platooning, remote driving, and video data sharing for automated driving [START_REF] Alalewi | On 5G-V2X Use Cases and Enabling Technologies: A Comprehensive Survey[END_REF], [START_REF] Gyawali | Challenges and Solutions for Cellular Based V2X Communications[END_REF], it is important to ensure that the system has the necessary resources to meet the diverse needs of these applications. For example, a high sum rate can improve the reliability and reduce the latency of sensor data transmission, ensuring that critical information is received in real-time. Similarly, a high sum rate can improve the quality and speed of video data sharing, which is essential for autonomous vehicles to make accurate decisions in real-world scenarios.

A variety of technologies have been examined in order to develop solutions that can effectively support the communication needs of vehicles. One such technology is multi-carrier modulation (MCM), which is a digital modulation technique that can support high data rates and is resistant to interference and fading. Another technology is non-orthogonal multiple access (NOMA), which allows multiple users to share the same time-frequency resources and can improve spectral efficiency and coverage. Previous studies have extensively investigated the performance of MCM-NOMA in vehicular systems, focusing on various aspects such as precoding methods [START_REF] Mathur | A novel precoded digitized OFDM based NOMA system for future wireless communication[END_REF], rate analysis [START_REF] Alsaba | On the Sum Rate of MCM-Based NOMA and MCM-Based OMA Systems[END_REF]- [START_REF] Fu | Subcarrier and Power Allocation for the Downlink of Multicarrier NOMA Systems[END_REF], resource allocation optimization [START_REF] Al-Obiedollah | Downlink Multi-Carrier NOMA With Opportunistic Bandwidth Allocations[END_REF]- [START_REF] Ni | Resource Allocation for Multi-Cell IRS-Aided NOMA Networks[END_REF], and bit error rate analysis [START_REF] Hamza | Enabling User Relaying in MCM-NOMA Under Doubly Selective Channels Using Iterative Interference Cancellation Schemes for Wireless IoT Networks[END_REF]- [START_REF] Hamza | On the Error Rate Performance of Full-Duplex Cooperative NOMA in Wireless Networks[END_REF] among others.

For instance, in [START_REF] Alsaba | On the Sum Rate of MCM-Based NOMA and MCM-Based OMA Systems[END_REF], we evaluated the sum rate performance of NOMA combination with different MCM schemes. Works such as [START_REF] Al-Obiedollah | Downlink Multi-Carrier NOMA With Opportunistic Bandwidth Allocations[END_REF], [START_REF] Fu | Subcarrier and Power Allocation for the Downlink of Multicarrier NOMA Systems[END_REF] have addressed sum rate maximization techniques, but without providing closed-form expressions for the sum rate. Other studies, such as [START_REF] Hamza | Enabling User Relaying in MCM-NOMA Under Doubly Selective Channels Using Iterative Interference Cancellation Schemes for Wireless IoT Networks[END_REF]- [START_REF] Hamza | On the Error Rate Performance of Full-Duplex Cooperative NOMA in Wireless Networks[END_REF], have focused on bit error rate analysis but without a comprehensive closed-form expression for the sum rate in the general case with 𝑛 users. Studies such as [START_REF] Al-Obiedollah | Downlink Multi-Carrier NOMA With Opportunistic Bandwidth Allocations[END_REF]- [START_REF] Muhammed | Energy-Efficient Resource Allocation in Multicarrier NOMA Systems With Fairness[END_REF] have proposed various resource allocation techniques to optimize the performance of MCM-NOMA systems. These techniques aim to allocate power, subcarriers, or time slots among the users to maximize the sum rate or achieve other objectives such as energy efficiency. However, similar to the previous works mentioned, the analysis has either relied on simulation results or lacked a closed-form expression.

In contrast, our work specifically addresses the maximum achievable sum rate of a downlink MCM-NOMA system with 𝑛 users in a vehicular communication scenario. We derive a closed-form expression for the sum rate, which allows for efficient and reliable analysis without the need for extensive simulations. Our work complements the existing literature by providing valuable insights into the performance of MCM-NOMA systems in high-speed vehicular scenarios and contributes to the development of efficient and reliable 5G V2X systems. Furthermore, we perform a simulation showing the results of our theoretical foundation and compare it with the conventional orthogonal multiple access (OMA) schemes.

The rest of the article is organized as follows: In Section II, the MCM-NOMA system model and problem formulation are introduced. Section III presents the derivation of analytical expressions for the sum rate of a downlink MCM-NOMA system. In Section IV, numerical results are provided for a specific MCM-NOMA system. Finally, conclusions are presented in Section V.

II. SYSTEM MODEL AND PROBLEM FORMULATION

We consider a downlink cellular multi-carrier NOMA system, shown in Fig. 1, wherein a base station communicates with 𝑛 mobile users. A doubly selective fading channel model is adopted due to users' mobility. In a multi-carrier scheme, the transmitted signal is represented by [START_REF] Sahin | A Survey on Multicarrier Communications: Prototype Filters, Lattice Structures, and Implementation Aspects[END_REF] 

𝑠(𝑡) = 𝐾 -1 ∑︁ 𝑘=0 𝐿-1 ∑︁ 𝑙=0 𝑔 𝑙,𝑘 (𝑡)𝑥 𝑙,𝑘 , (1) 
where 𝑠(𝑡) is the transmitted signal. 𝑥 𝑙,𝑘 is the symbol (message) being transmitted at time-position 𝑘 and subcarrier-position 𝑙. 𝑔 𝑙,𝑘 is the synthesis function which maps 𝑥 𝑙,𝑘 into the signal space. The family of 𝑔 𝑙,𝑘 (𝑡) is referred to as a Gabor system when it is given by Eq. ( 2).

𝑔 𝑙,𝑘 (𝑡) = 𝑝 𝑡 𝑥 (𝑡 -𝑘𝑇)e j2 𝜋𝑙𝐹 (𝑡 -𝑘𝑇 ) e j𝜃𝑙,𝑘 (2) 
𝑝 𝑡 𝑥 (𝑡) is the prototype filter (also known as pulse shape, Gabor atom). 𝑇 is the symbol spacing in time, and 𝐹 is the subcarrier spacing. Due to the superposition coding required at the transmitter in NOMA, the sent message is written as in Eq. ( 3).

𝑥 𝑙,𝑘 = √ 𝑃 𝑈𝑛-1 ∑︁ 𝑈𝑖 =𝑈0 √ 𝛼 𝑈𝑖 * 𝑑 𝑈𝑖 ( 3 
)
𝑑 𝑈𝑖 is the transmitted symbols to the 𝑖 𝑡 ℎ user 𝑈 𝑖 . 𝛼 𝑈𝑖 is the power allocation factor of 𝑈 𝑖 , where Σ 𝑈𝑛-1 𝑈𝑖 =𝑈0 𝛼 𝑈𝑖 = 1. 𝑃 is the total base station's transmit power. Without losing generalization, it can be assumed that the weakest user 𝑈 0 benefits from the highest power allocation, while the lowest power is given to the strongest user 𝑈 𝑛-1 . Assuming a linear time-varying multipath communication channel ℎ(𝜏, 𝑡), the received symbol 𝑦 𝑙,𝑘 located on time index 𝑘 and subcarrier index 𝑙 is decoded by projecting the received signal 𝑟 (𝑡) onto the basis pulses (analysis function) 𝑞 𝑙,𝑘 (𝑡).

𝑟 (𝑡) = ∫ 𝜏 ℎ(𝜏, 𝑡)𝑠(𝑡 -𝜏)d𝜏 + 𝜂(𝑡), (4) 
𝑦 𝑙,𝑘 = ⟨𝑟 (𝑡), 𝑞 𝑙,𝑘 (𝑡)⟩ = ∞ ∫ -∞ 𝑟 (𝑡)𝑞 * 𝑙,𝑘 (𝑡)d𝑡 (5) 
where 𝜂(𝑡) is the additive white Gaussian noise (AWGN), and 𝑞 𝑙,𝑘 is given by an equation similar to Eq. ( 2) as follows

𝑞 𝑙,𝑘 (𝑡) = 𝑝 𝑟 𝑥 (𝑡 -𝑘𝑇)e j2 𝜋𝑙𝐹 (𝑡 -𝑘𝑇 ) e j𝜃𝑙,𝑘 (6) 
Since the signal is generated in the discrete time domain and to simplify the analytic follow-up in a doubly selective channel, we will use the matrix description and move to the discrete time domain [START_REF] Nissel | Filter Bank Multicarrier Modulation Schemes for Future Mobile Communications[END_REF]. We write the sampled basis pulse of the synthesis functions g 𝑙,𝑘 (𝑡) and q 𝑙,𝑘 (𝑡) in a basis pulse vectors g 𝑙,𝑘 and q 𝑙,𝑘 ∈ C 𝑁 ×1 , respectively. By stacking all those basis pulse vectors in transmit and receive matrices G and Q ∈ C 𝑁 ×𝐿𝐾 , respectively. The data and received symbols are also represented in transmit and receive symbol vectors x and y ∈ C 𝐿𝐾 ×1 , respectively.

G = g 0,0 • • • g 𝐿-1,0 g 0,1 • • • g 𝐿-1,𝐾 -1 (7) Q = q 0,0 • • • q 𝐿-1,0 q 0,1 • • • q 𝐿-1,𝐾 -1 (8) x = 𝑥 0,0 • • • 𝑥 𝐿-1,0 𝑥 0,1 • • • 𝑥 𝐿-1,𝐾 -1 T (9) y = 𝑦 0,0 • • • 𝑦 𝐿-1,0 𝑦 0,1 • • • 𝑦 𝐿-1,𝐾 -1 T (10) 
Eq. ( 1) and Eq. ( 5) can be represented in matrix form as

s = Gx (11) y = Q H r = Q H HGx + 𝜂 ( 12 
)
where s, r

∈ C 𝑁 ×1 , H ∈ C 𝑁 × 𝑁 , [•]
𝐻 is the Hermitian operator, and

𝜂 ∼ CN (0, 𝑃 𝜂 ) ∈ C 𝐿𝐾 ×1
with 𝑃 𝜂 the white Gaussian noise power in the time domain. By reformulating Eq. ( 12), the received symbol at subcarrier position 𝑙 and time position 𝑘 can be expressed by

𝑦 𝑙,𝑘 = q H 𝑙,𝑘 H G x + 𝜂 𝑙,𝑘 , (13) 
where y 𝑙,𝑘 and 𝜂 𝑙,𝑘 ∈ C. The Kronecker "vec trick" property can be used to rewrite this equation

𝑦 𝑙,𝑘 = (G x) T ⊗ q H 𝑙,𝑘 vec{H} ỹ𝑙,𝑘 +𝜂 𝑙,𝑘 , (14) 
whereas vec{•} denotes the vectorization operator, [•] 𝑇 is the transpose operator, and ⊗ represents the Kronecker product.

III. DERIVATION OF THE MAXIMUM SUM RATE

The sum rate, which represents the overall achievable rate for all users, is written as follows:

𝑅 sum = 𝑈𝑛-1 ∑︁ 𝑈𝑖 =𝑈0 𝑅 𝑈𝑖 ( 15 
)
𝑅 𝑈𝑖 = 𝛾 𝑇 𝐿𝐾 -1 ∑︁ 𝑗=0 log 2 1 + SINR 𝑈𝑖 𝑗 ( 16 
)
where 𝑅 𝑈𝑖 express the achieved data rate of 𝑖 𝑡 ℎ user 𝑈 𝑖 , 𝛾 is related to the signal constellation. To calculate the Signal to Interference and Noise Ratio (SINR) of the 𝑗 𝑡 ℎ symbol, we need to calculate the power of 𝑈 𝑖 signal 𝑃 𝑈𝑖 = |𝑑 𝑈𝑖 | 2 , the power of the channelinduced interference (CII) 𝑃 𝑈𝑗 CII , and the power of the NOMA-induced interference (NII) 𝑃 𝑈𝑗 NII . At the strongest user 𝑈 𝑛-1 and assuming a perfect SIC, the NII component will be omitted. The SINR can be expressed as:

SINR 𝑈𝑖 𝑗 = 𝑃 𝑈𝑖 𝑃 𝑈𝑖 CII + 𝑃 𝑈𝑖 NII + 𝑃 𝜂 ; 𝑈 𝑖 ∈ {𝑈 0 , . . . , 𝑈 𝑛-2 } SINR 𝑈𝑛-1 𝑗 = 𝑃 𝑈𝑛-1 𝑃 𝑈𝑛-1 CII + 𝑃 𝜂 ; 𝑈 𝑖 = 𝑈 𝑛-1 (17) 
Starting from Eq. ( 14), we can show that

𝑃 𝑈𝑖 = 𝛼 𝑈𝑖 [𝚪] 𝑗, 𝑗 (18) 
𝑃 𝑈𝑖 CII = 𝛼 𝑈𝑖 (tr{𝚪} -[𝚪] 𝑗, 𝑗 ) (19) 
𝑃 𝑈𝑖 NII = 𝑈𝑛-1 ∑︁ 𝑈𝑗 =𝑈𝑖+1 𝛼 𝑈𝑗 tr{𝚪} (20) 
with matrix 𝚪 = E{ ỹ𝑙,𝑘 ỹH 𝑙,𝑘 } ∈ C 𝐿𝐾 ×𝐿𝐾 given by

𝚪 = G T ⊗ q H 𝑙,𝑘 R vec{H} G T ⊗ q H 𝑙,𝑘 H (21) 
where R vec{H} = E{vec{H}vec{H} H } ∈ C 𝑁 2 × 𝑁 2 is the correlation matrix which depends on the underlying channel model. We can write the SINR in terms of 𝚪 as follows:

SINR 𝑈𝑖 𝑗 = 𝛼 𝑈𝑖 [𝚪] 𝑗, 𝑗 𝑈𝑛-1 𝑈𝑗 =𝑈𝑖 𝛼 𝑈𝑗 tr{𝚪} -𝛼 𝑈𝑖 [𝚪] 𝑗, 𝑗 + 𝑃 𝜂 SINR 𝑈𝑛-1 𝑗 = 𝛼 𝑈𝑛-1 [𝚪] 𝑗, 𝑗 𝛼 𝑈𝑛-1 (tr{𝚪} -[𝚪] 𝑗, 𝑗 ) + 𝑃 𝜂 (22)
where tr{•} is the trace of matrix operator, and 𝑗 = 𝑙 + 𝐿𝑘 represents the 𝑗 𝑡 ℎ index of the vectorized symbol.

To the best of our knowledge, due to the complexity of Eq. ( 21), it is too hard to derive a compact closed-form expression for the sum rate of multicarrier NOMA system in doubly selective channel. However its upper bound can be found by theoretically assuming a doubly flat Rayleigh fading channel.

𝑯 = 𝒉 𝑰 𝑵 , (23) 
where ℎ ∼ CN 0, 𝜎 2 , 𝐸 (|ℎ| 2 ) = 𝜎 2 and 𝑰 𝑵 is the identity matrix of size 𝑁. With this assumption, we were able, after exhaustive calculation, to write the previous equations in closed-forms in terms of the elements of the basic pulse vectors. As a part of our work to derive a closed-form of 𝚪, we spread the G 𝑇 ⊗ q 𝐻 𝑙,𝑘 ∈ C 𝐿𝐾 × 𝑁 2 part of Eq. ( 21) as shown in the matrix (24). [•] is the complex conjugate of matrix element and

𝒈 𝑙,𝑘 = [g 𝑙,𝑘 ] 0 [g 𝑙,𝑘 ] 1 . . . [g 𝑙,𝑘 ] 𝑁 -1 𝑇 𝒒 𝑙,𝑘 = [q 𝑙,𝑘 ] 0 [q 𝑙,𝑘 ] 1 . . . [q 𝑙,𝑘 ]
𝑁 -1

𝑇

With the matrix (24), we can derive a closed-form formula for the diagonal elements of Eq. (21) in the case of a doubly flat Rayleigh fading channel as

[𝚪] 𝑗, 𝑗 = 𝜎 2 𝑁 -1 ∑︁ 𝑖=0 𝒈 𝑢,𝑣 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 𝑁 -1 ∑︁ 𝑖=0 𝒈 𝑢,𝑣 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 (25)
where 𝑢 and 𝑣 are the integer remainder and quotient of 𝑗 divided by 𝐿, respectively. We can express the trace of the matrix 𝚪 as

tr{𝚪} = 𝜎 2 𝐿𝐾 -1 ∑︁ 𝑚=0 𝑁 -1 ∑︁ 𝑖=0 𝒈 𝑢,𝑣 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 𝑁 -1 ∑︁ 𝑖=0 𝒈 𝑢,𝑣 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 (26)
The SINR in ( 22) can be reformulated for a doubly flat Rayleigh fading channel using Eq. ( 25) and ( 26). The maximum achievable sum rate for an 𝑛 user MCM-NOMA system can be expressed as in Eq. ( 27). This equation shows that the upper-bound of the sum rate depends namely on NOMA power allocation factors and MCM basis pulse of the synthesis functions 𝛼 𝑈𝑖 , 𝑔 𝑢,𝑣 and 𝑞 𝑙,𝑘 . Hence Eq. ( 27) can be used as a reference for understanding the factors that affect the performance of MCM-NOMA systems.

IV. RESULTS

In this section, we perform numerical simulations of the studied system model. A Cyclic Prefix -Orthogonal Frequency Division Multiplexing (CP-OFDM) is adopted as a multi-carrier modulation method. Wherein three users (User 0, 1, and 2) are communicating with a base station in OFDM-based NOMA and OMA schemes. This is done for a given carrier frequency of 2.5 GHz and a subcarrier spacing of 15 kHz. Regarding the OFDM design parameters, 300 subcarriers, 14 OFDM symbols in time, time-frequency spacing of 𝑇 𝐹 = 1.07, a sinc pulse filter, and a 4 Quadrature Amplitude Modulation (QAM) signal constellation are adopted. We consider a NOMA power allocation factor of 𝛼 𝑈0 = 0.8, 𝛼 𝑈1 = 0.15, 𝛼 𝑈2 = 0.05 based on the results of a previous study [START_REF] Kara | A True Power Allocation Constraint for Non-Orthogonal Multiple Access with M-QAM Signalling[END_REF], and a doubly selective channel with Vehicular A power delay profile and Jakes Doppler model. The Vehicular A power delay profile describes the distribution of signal power over different delay components in vehicular environments [START_REF] Srinivasan | IEEE 802.16m Evaluation Methodology Document (EMD)[END_REF], while the Jakes Doppler model is a standard model for studying the impact of multipath fading caused by the relative motion between the transmitter and receiver [START_REF] Jakes | Microwave mobile communications[END_REF].

Fig. 2a compares the sum rates of OFDM-NOMA and their corresponding OFDM-OMA in doubly flat/selective channels, with users' speeds of 𝑣 0 = 90, 𝑣 1 = 110, and 𝑣 2 = 130 km/h. The results clearly indicate that OFDM-NOMA achieves significant power savings, with a remarkable 10 dB gap between NOMA and OMA for the same sum rate, as depicted in Fig. 2a. According to the requirements of 5G V2X use cases [START_REF] Alalewi | On 5G-V2X Use Cases and Enabling Technologies: A Comprehensive Survey[END_REF], our obtained results meet the minimum data rate requirements at the smallest/most used subcarrier frequency spacing of 15 kHz. Furthermore, they can also fulfill the maximum data rate requirements when selecting a larger subcarrier frequency, such as 240 kHz.

Fig. 2b and 2c illustrate the impact of user mobility on the sum rate of OFDM-NOMA and OFDM-OMA, at a fixed SNR of 25

G 𝑇 ⊗ q 𝐻 𝑙,𝑘 =                   g 0,0 0 [q 𝑙,𝑘 ] 0 • • • g 0,0 0 [q 𝑙,𝑘 ] 𝑁 -1 g 0,0 1 [q 𝑙,𝑘 ] 0 • • • g 0,0 𝑁 -1 [q 𝑙,𝑘 ] 𝑁 -1 . . . . . . . . . . . . . . . . . . g 𝐿-1,0 0 [q 𝑙,𝑘 ] 0 • • • g 𝐿-1,0 0 [q 𝑙,𝑘 ] 𝑁 -1 g 𝐿-1,0 1 [q 𝑙,𝑘 ] 0 • • • g 𝐿-1,0 𝑁 -1 [q 𝑙,𝑘 ] 𝑁 -1 g 0,1 0 [q 𝑙,𝑘 ] 0 • • • g 0,1 0 [q 𝑙,𝑘 ] 𝑁 -1 g 0,1 1 [q 𝑙,𝑘 ] 0 • • • g 0,1 𝑁 -1 [q 𝑙,𝑘 ] 𝑁 -1 . . . . . . . . . . . . . . . . . . g 𝐿-1,𝐾 -1 0 [q 𝑙,𝑘 ] 0 • • • g 𝐿-1,𝐾 -1 0 [q 𝑙,𝑘 ] 𝑁 -1 g 𝐿-1,𝐾 -1 1 [q 𝑙,𝑘 ] 0 . . . g g 𝐿-1,𝐾 -1 𝑁 -1 [q 𝑙,𝑘 ] 𝑁 -1                   (24) R sum = 𝛾 𝑇 𝑈 𝑛-2 ∑︁ 𝑈𝑖 =𝑈 0 𝐿𝐾 -1 ∑︁ 𝑗=0 log 2 1+
𝛼 𝑈𝑖 𝜎 dB. To obtain these results, we varied the speed of the nearest and farthest users with respect to the base station from 0 to 500 km/h, while keeping the speed of the other two users fixed at 50 km/h. As shown in Fig. 2b, OFDM-OMA is less affected by changes in the nearest user's speed than OFDM-NOMA. However, despite this advantage, the sum rate of OFDM-NOMA remains consistently higher, demonstrating the overall superiority of NOMA designs over OMA in achieving higher data rates. Similarly, Fig. 2c illustrates the impact of user mobility on the sum rate of OFDM-NOMA and OFDM-OMA, but with a focus on the farthest user (User 0) with poorer channel conditions. The findings reveal that OFDM-NOMA exhibits greater resistance to variations in User 0's speed compared to OFDM-OMA. As before, NOMA maintains higher sum rates across different speeds. Interestingly, OFDM-OMA maintains almost the same level of resistance to speed changes, regardless of which user is affected (User 0 or User 2).

The results demonstrate that NOMA exhibits greater resilience to mobility changes of the far user compared to OMA, while OMA's sensitivity to changes in mobility of both near and far users is roughly equivalent. This phenomenon can be explained by considering Eq. ( 17), which indicates that NOMA-induced interference dominates over channel-induced interference, and the former is ignored when calculating the SINR of User 2. The higher robustness of NOMA to the mobility of the far user can be attributed to the power allocation factor, which assigns a higher power level to the weaker user to overcome its weaker channel conditions. In contrast, in OMA, the transmit power is equally divided among users, which leads to a lower sum rate when one user has a weaker channel.

V. CONCLUSION

In this letter, we derived a closed-form expression for the maximum achievable sum rate of multi-carrier NOMA in a V2X network. This provides a theoretical foundation that can serve as an upperbound reference for MCM-NOMA solutions, including techniques for optimizing resource allocation and maximizing total data transmission rates. Our theoretical findings have been verified through simulation results. In future work, our theoretical foundation can be extended to consider more complex scenarios such as heterogeneous networks with different channel models, various user distributions, and different mobility models. Moreover, the investigated MCM-NOMA scheme can be combined with other techniques, such as beamforming, to further improve the system's performance.
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 1 Fig. 1. The system model of a base station transmitting simultaneously to 𝑛 users using NOMA.
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 2 Fig. 2. (a) Sum rate vs SNR with different power delay profiles. (b) Sum rate over User 2 speed. (c) Sum rate over User 0 speed.
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							𝑁 -1
							𝑖	𝑖
	𝑈 𝑛-1 𝑈 𝑗 =𝑈𝑖 𝛼 𝑈 𝑗 𝜎 2 𝐿𝐾 -1 𝑚=0	𝑁 -1	𝑖	𝑁 -1			𝑖	𝑁 -1
						𝐿𝐾 -1	𝑁 -1
				+	𝛾 𝑇	∑︁ 𝑗=0	log 2 1 +	𝑁 -1	𝑖
							𝑚=0
							𝑚≠ 𝑗

𝑖

-𝑖 𝛼 𝑈 𝑛-1 𝜎 2 𝐿𝐾 -1 𝑖=0 [𝒈 𝑢,𝑣 ] 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 𝑁 -1 𝑖=0 [𝒈 𝑢,𝑣 ] 𝑖 [𝒒 𝑙,𝑘 ] 𝑖 + 𝑃 𝜂
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