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In this paper, a construction of maximum rank distance 
(MRD) codes as a generalization of generalized Gabidulin 
codes is given. The family of the resulting codes is not covered 
properly by additive generalized twisted Gabidulin codes, and 
does not cover all twisted Gabidulin codes. When the basis 
field has more than two elements, this family includes also 
non-affine MRD codes, and such codes exist for all parameters. 
Therefore, these codes are the first non-additive MRD codes 
for most of the parameters.
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1. Introduction

Most of the maximum rank distance (MRD) codes in the literature are additively 
closed [3,5,8–15]. As non-additive, up to our knowledge, there is only one construction 
[2] and its generalization [4] working for some certain parameters. In this paper, we 
provide a construction of a family of non-additive MRD codes existing for all parameters. 
Therefore, these codes (that we call partition codes) are the first non-additive MRD codes 
for most of the parameters.

1.1. Rank metric codes

Let Fq be a finite field of q elements and Fm×n
q be the set of m × n matrices over Fq. 

The d function on Fm×n
q × Fm×n

q given by

d(A,B) := rank(A−B)

satisfies the usual axioms of a metric, and is called the rank distance on Fm×n
q . A subset 

C of Fm×n
q , including at least two elements, with the rank distance is called a rank 

metric code. The minimum distance d(C) of a code C is naturally defined by d(C) :=
min{d(A, B) : A, B ∈ C and A �= B}. A bijective map Fm×n

q → Fm×n
q is called isometry if 

it preserves the rank distance. In [1], using result [18, Theorem 3.4], an equivalence notion 
on rank metric codes considering isometry is given as follows. Two rank metric codes 
C, C′ ⊆ Fm×n

q are called equivalent if there exist X ∈ GL(m, Fq), Y ∈ GL(n, Fq) and Z ∈
Fm×n
q such that

C′ = XCσY + Z := {XCσY + Z : C ∈ C} when m �= n,

C′ = XCσY + Z or C′ = X(Ct)σY + Z := {X(Ct)σY + Z : C ∈ C} when m = n,
(1)

for some automorphism σ of Fq acting on the entries of C ∈ C, where the superscript t

denotes the matrix transposition. If both C and C′ are closed under addition, then Z
must be the zero matrix. Similarly, if both C and C′ are linear over Fq, then σ can be 
taken as the identity, without loss of generality.

Rank metric codes have a Singleton-like bound given in the following proposition.

Proposition 1.1. [3] Assume m ≥ n (without loss of generality). Let C ⊆ Fm×n
q be a rank 

metric code with minimum rank distance d. Then |C| ≤ qm(n−d+1).

A rank metric code is called maximum rank distance (MRD) code if it meets the 
Singleton-like bound.
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