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𝔽n×m
q

Rank distance  
 d(A, B) = Rank(A − B)

Code:  𝒞 ⊆ 𝔽n×m
q

   
  Singleton bound:                         

,  
MRD-code 

dim(𝒞) ≤ max{m, n}(min{m, n} − d + 1)
= →

Minimum distance: 
d = d(𝒞) = min{d(A, B) : A, B ∈ 𝒞, A ≠ B}
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𝔽n
qm

Rank distance  
 

Code:  

Parameters:  

d(a, b) = w(a − b) = dim𝔽q
(⟨a1 − b1, …, an − bn⟩𝔽q

)

𝒞 ≤𝔽qm 𝔽n
qm

[n, k, d]qm/q
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  -basis of  
 

 

Γ → 𝔽q 𝔽qm

x = (x1, …, xn) ∈ 𝔽n
qm

MatΓ(x) =

x1,1 ⋯ xn,1
x1,2 ⋯ xn,2

⋮
x1,m ⋯ xn,m



 
Rank support  

 suppΓ(x) = Rowspan(MatΓ(x))
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Rank-metric codes

Gabidulin codes 
 -lin indep in  

 

 

 is an MRD code

g1, …, gn 𝔽q 𝔽qm

k ≤ n

G =

g1 ⋯ gn

gq
1 ⋯ gq

n
⋮

gqk−1

1 ⋯ gqk−1

n

∈ 𝔽k×n
qm

Rowspan(G)



  
non-degenerate linear code 

  

𝒞 ⊆ 𝔽n
qm

dim𝔽qm(𝒞) = k

G = (g1⋯gn) ∈ 𝔽k×n
qm

          U = ⟨gt
1, …, gt

n⟩𝔽q
⊆ 𝔽k

qm

Randrianarisoa - 2020
Sheekey - 2019

w(xG) = n − dim𝔽q
(x⊥ ∩ U)
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non-degenerate linear code 
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w(xG) = n − dim𝔽q
(x⊥ ∩ U)

   Supp(xG)⊥ ↔ U ∩ x⊥

Neri, A., Santonastaso, P., Zullo, F. (2023). 
The geometry of one-weight codes in the 
sum-rank metric. Journal of 
Combinatorial Theory, Series A, 194, 
105703.



  
non-degenerate 

-dimensional rank-metric 
codes

𝒞 ⊆ 𝔽n
qm

k  U ≤𝔽q
𝔽k

qm

dim𝔽q
(U) = n



  
non-degenerate 

-dimensional rank-metric 
codes

𝒞 ⊆ 𝔽n
qm

k  U ≤𝔽q
𝔽k

qm

dim𝔽q
(U) = n

Support properties
Intersection of  with 

-hyperplanes of 
U

𝔽qm 𝔽k
qm



Intersecting rank-metric 
codes
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Linear rank-metric intersecting codes. arXiv 
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Intersecting code: 
For all  c, c′￼ ∈ 𝒞 ⊆ 𝔽n

qm

Supp(c) ∩ Supp(c′￼) ≠ ∅
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Property 
If  is an -code and 

 then  is intersecting 
𝒞 ⊆ 𝔽n

qm [n, k, d]qm/q
2d > n 𝒞

Example 
Gabidulin codes are 
intersecting if n ≥ 2k − 1

Intersecting code: 
For all  c, c′￼ ∈ 𝒞 ⊆ 𝔽n

qm

Supp(c) ∩ Supp(c′￼) ≠ ∅
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-spannable subspace:  
, -hyperplane  and  

2
U ≤𝔽q

𝔽k
qm 𝔽qm H1 H2

U = (U ∩ H1) + (U ∩ H2)

Intersecting code: 
For all  c, c′￼ ∈ 𝒞 ⊆ 𝔽n

qm

Supp(c) ∩ Supp(c′￼) ≠ ∅
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= n − dim(Supp(c1)⊥ + Supp(c2)⊥)dim(Supp(c1) ∩ Supp(c2))
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dim(Supp(c1) ∩ Supp(c2)) = n − dim𝔽q
((U ∩ H1) + (U ∩ H2))
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subspaces
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 intersecting rank-
metric codes
[n, k]qm/q



Existence of long 
intersecting codes



Intersecting rank-metric 
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Not -spannable 
subspaces
2

 
Nondegenerate reflexive 

bilinear form 

Nondegenerate reflexive 
bilinear form 

orthogonal 
complement

σ : 𝔽k
qm × 𝔽k

qm → 𝔽qm

σ′￼ = Trqm/q ∘ σ : 𝔽k
qm × 𝔽k

qm → 𝔽q

⊥ →
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 intersecting 
rank-metric codes
[2m − 3,k]qm/q

Duals of  
scattered subspaces

 is scattered if U ≤𝔽q
𝔽k

qm

dim𝔽q
(U ∩ ⟨v⟩𝔽qm) ≤ 1, ∀v ∈ 𝔽k

qm∖{0}
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scattered subspaces

 is scattered if U ≤𝔽q
𝔽k

qm

dim𝔽q
(U ∩ ⟨v⟩𝔽qm) ≤ 1, ∀v ∈ 𝔽k

qm∖{0}

Blokhuis, A., Lavrauw, M. (2000). Scattered 
spaces with respect to a spread in PG (n, 
q). Geometriae Dedicata, 81(1), 231-243.
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Theorem (Blokhuis and Lavrauw, 2000) 

dim𝔽q
(U) ≤

mk
2
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Theorem 
 intersecting rank-metric codes  

 
 

 is scattered

[2m − 3,k]qm/q ⇔
k = 3
m ≥ 6
U⊥



Bartoli, D., Giulietti, M., Marino, G., 
Polverino, O. (2018). Maximum scattered 
linear sets and complete caps in Galois 
spaces. Combinatorica, 38(2), 255-278.

Csajbók, B., Marino, G., Polverino, O., 
Zullo, F. (2017). Maximum scattered 
linear sets and MRD-codes. Journal of 
Algebraic Combinatorics, 46(3), 517-531.

Corollary 
 intersecting rank-metric 

codes exist when  and  is even
[2m − 3,3,m − 1]qm/q

m ≥ 6 m

Theorem 
 intersecting rank-metric codes  

 
 

 is scattered

[2m − 3,k]qm/q ⇔
k = 3
m ≥ 6
U⊥



Shorter intersecting codes



New bounds

Duals of  
-evasive 

subspaces
(1,2m − n − 2)  dim𝔽q

(U ∩ ⟨v⟩𝔽qm) ≤ 2m − n − 2,
∀v ∈ 𝔽k

qm∖{0}
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 intersecting 
rank-metric codes
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max{k, n − m + 2} ≤ d ≤ m
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Duals of  
-evasive 

subspaces
(1,2m − n − 2)

 intersecting 
rank-metric codes
[n, k]qm/q Theorem 

 intersecting rank-metric codes  [n, k, d]qm/q ⇒
max{k, n − m + 2} ≤ d ≤ m

Theorem 
 intersecting rank-metric codes  [n, k, d]qm/q ⇒

n ≤ 2m − ⌊ k + 4
2 ⌋



Non existence results

 

 and 

k = 2

k = 3 m ≤ 4  
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First open case: [6,3]q5/q
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 and 

k = 2

k = 3 m ≤ 4

Theorem 
There are no  intersecting rank-
metric code for .

[6,3]q5/q
q = 2

First open case: [6,3]q5/q
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Non existence results

Theorem 
There are no  intersecting rank-metric 
code for every .

[6,3]q5/q
q

U ≤𝔽q
𝔽q5

3 dim𝔽q
(U) = 5

U ≠ (U ∩ ℓ1) + (U ∩ ℓ2)



Non existence results

Theorem 
There are no  intersecting rank-metric 
code for every .

[6,3]q5/q
q

PG(2,q5)

LU
LU = {⟨u⟩𝔽q5

: u ∈ U∖{0}}

-linear set 𝔽q
associated with U



Non existence results

Theorem 
There are no  intersecting rank-metric 
code for every .

[6,3]q5/q
q

PG(2,q5)

LU
LW = ProjP(LU)P

ℓ
LW

 

De Boeck, M., & Van de Voorde, G. 
(2022). The weight distributions of 
linear sets in . Finite Fields 
and Their Applications, 82, 102034.

PG(1,q5)



Non existence results

Theorem 
There are no  intersecting rank-metric 
code for every .

[6,3]q5/q
q

PG(2,q5)

LU



Open question
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