
• Computational complexity
➢ Depend on the number of 

quadratic transform iterations 𝐿 as 
well as the number of SCP 
iterations 𝐿s

➢ Overall complexity is 𝒪(𝐿𝐿s𝑁
3.5)

when an interior-point method is 
employed to solve a convex 
problem

• Feasibility
➢ The feasibility of the problem 

depends on if the maximum 
achievable throughput 𝐶max under 
power constraints is larger than the 
throughput threshold 𝜅

➢ 𝐶max is achieved when the radar 
system is absent while the comm 
system uses all subcarriers to 
maximize its throughput

• Initialization
➢ A simple method of initialization is 

to use power constraints to 
generate a set of initial powers

➢ A better way that considers the 
throughput constraint is an 
allocation-based greedy search 
method

• To address these challenges, we consider a different 
approach. Specifically, it can be reformulated by 
combining the radar and comm power variables into a 
single stacked variable

• The above problem is non-convex. To solve it, we can 
reformulate the objective function and employ convex 
relaxation for the throughput constraint

• By introducing a set of slack variables 𝜆𝑛 and applying 
quadratic transform, the equivalent form of cost function

• Let ෥𝒑𝑛
(𝑙−1)

denote solutions obtained from 𝑙 − 1 -st

iteration, 𝜆𝑛
(𝑙)

can be updated by solving

• It has a closed-form solution

• Received signal at radar RX

• 𝑦r,𝑛(𝑡) is down-converted, Doppler 
compensated, filtered by a MF 
matched to the radar waveform 
𝑞r(𝑡 − 𝜏rr) and sampled at pulse 
rate
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Background

• Spectrum sharing between radar and communication (comm) 
systems using overlapping frequency band has attracted much 
attention in recent years

➢ There is an increasing pressure from wireless sector to release 
radar spectrum for shared access

➢ Radar is used in increasingly more military and civilian applications, 
i.e., car cruise control and remote sensing

• Our previous work

➢ Formulated a joint power allocation-based spectrum sharing 
framework by considering metrics for both systems

➢ Proposed an alternating direction optimization approach

• Limitations of previous work

➢ Multi-path and clutter were neglected to ease the development of 
proposed solutions

➢ The alternating procedure is computationally intensive

• Main contribution of this work

➢ Develop a general signal model for the coexistence of multicarrier 
radar and comm systems in cluttered environments

➢ Propose a new non-alternating algorithm
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coexistence,” 2020 IEEE International Radar Conference (RADAR), Washington, DC, 
USA, May 2020, pp. 141-145.

Signal Model

• A multicarrier radar system with 𝑁
subcarriers coexists with a comm 
system in the same frequency band

• Transmitted comm signal

• Transmitted radar signal

• Received signal at comm RX

• After down-conversion, 𝑦c,𝑛(𝑡) passes 
through a matched filter (MF) matched 
to the LOS comm waveform 𝑞c(𝑡 − 𝜏cc,1)
and  is sampled at the symbol rate

• A moving target is located at rang 𝑅 from 
radar with a roundtrip delay 𝜏rr

A radar and comm coexistence 
scenario in a cluttered environment

Numerical Results

• Three system configurations are considered for comparison

➢ comm absent: Maximize the radar SINR without any 
interference from the comm system

➢ joint design: The proposed joint design and solved with the 
non-alternating algorithm

➢ greedy search: Subcarrier allocation-based method that  
gives comm system its best subcarriers to meet throughput 
constraint and assigns the rest to radar

• The sub-carrier channel coefficients 𝛼rr,𝑛, 𝛼cc,𝑛, 𝛽rc,𝑛, 𝛽rr,𝑛, and 

𝛽cr,𝑛 are generated with Gaussian distribution 𝒞𝒩(0, 𝜎rr
2 ), 

𝒞𝒩(0, 𝜎cc
2 ), 𝒞𝒩(0, 𝜎rc

2 ), 𝒞𝒩(0, 𝜎2), and 𝒞𝒩(0, 𝜎cr
2 )

• Two scenarios of cross channel strength

➢ case 1: week cross interference           𝜎rc
2 = 𝜎cr

2 = 0.01

➢ case 2: strong cross interference           𝜎rc
2 = 𝜎cr

2 = 0.1

• Noise variances

➢ 𝜎r
2 = 𝜎c

2 = 1

• Other parameters

➢ 𝜎rr
2 = 𝜎cc

2 = 1

➢ 𝜎2 = 0.05

➢ 𝑁 = 16

➢ 𝜖 = 0.01

Problem Formulation and Proposed Approach

• The problem of interest is to jointly optimize the 
radar and comm transmission power allocated to 
each sub-carrier by maximizing the radar output 
SINR while maintaining a minimum comm
throughput constraint, along with total power 
constraints and sub-channel peak power constraints

• The above problem may be solved by employing an 
iteratively alternating optimization procedure, i.e., 
iteratively solve with respect to 𝑝r,𝑛 while keeping 

𝑝c,𝑛 fixed, and vice versa, until convergence is 
reached
➢ It is computationally intensive and does not 

guarantee convergence
➢ Signal-dependent clutter makes the optimization 

problem significantly more challenging even with 
fixed 𝑝c,𝑛

• Next, ෥𝒑𝑛
(𝑙)

can be obtained by solving

• The above problem is non-convex due to the non-
convex throughput constraint, which is relaxed with 
an inner iteration of sequential convex programming 
(SCP) procedure

• Let ෡𝑷𝑛
(𝑙s−1) denote the power vector from the (𝑙s−1)-

st SCP inner iteration, the above constraint can be 
relaxed to a convex set as

• Thus, inside each inner iteration, the following convex 

problem is solved to obtain ෝ𝒑𝑛
(𝑙s)

• The iteration ends when the difference of the cost 
function over two adjacent iterations is smaller than a 
tolerance 𝜖

Concluding Remarks

• Derived a general signal model for the coexistence of multi-
carrier radar and comm systems with spectrum sharing in 
cluttered environments

• Introduced a joint design for the coexistence of multi-carrier 
radar and comm systems

➢ Maximize the radar output SINR while meeting a comm 
throughput requirement along with power constraints

• Proposed a non-alternating optimization algorithm along with 
SCP technique to solve the highly non-convex problem

• Numerical results show that

➢ The proposed non-alternating algorithm is computationally 
more efficient

➢ The joint design framework outperforms other heuristic 
solutions, i.e., greedy search

Radar output SINR versus total radar 
power when 𝑃c = 600 and 𝜅 = 2.5

Radar output SINR versus comm 
throughput when 𝑃r = 𝑃c = 600

Computer simulation time versus number of sub-
carrier for case 1 when 𝑃r = 𝑃c = 600 and 𝜅 = 1.5
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