
𝑀
𝐱 𝑛 ∈ ℂ𝑀 𝐿 𝑢𝑙 𝑛 , 𝑙 =

1,… , 𝐿 𝐇 𝑛 ∈ ℂ𝑀×𝐿

𝐇 𝑛 =

ℎ11[𝑛] ℎ12[𝑛] … ℎ1𝐿[𝑛]

ℎ21[𝑛]
⋮

ℎ22[𝑛] …
⋮ ⋱

ℎ2𝐿[𝑛]
⋮

ℎ𝑀1[𝑛] ℎ𝑀2[𝑛] … ℎ𝑀𝐿[𝑛]

ℰ 𝒖 𝑛 𝒖H 𝑛 − 𝜏 = 𝑰𝑀𝛿 𝜏

ℰ 𝒗 𝑛 𝒗H 𝑛 − 𝜏 = 𝜎𝑣
2𝑰𝑀𝛿 𝜏

ℰ ∙
𝐱 𝑛 ∈ ℂ𝑀

𝐑 𝜏 = ℰ 𝐱 𝑛 𝐱H 𝑛 − 𝜏

𝐇[𝑛]

𝐑 𝜏 = σ𝑛𝐇 𝑛 𝐇H[𝑛 − 𝜏] + 𝜎𝑣
2𝐈M𝛿[𝜏]

𝐑 𝜏 ∈ ℂ𝑀×𝑀

𝑟𝑙𝑚 𝜏 = ℰ 𝑥𝑙 𝑛 𝑥𝑚
∗ 𝑛 − 𝜏

𝑟𝑙𝑚 𝜏 = σ𝑛σ𝑘=1
𝐿 ℎ𝑙,𝑘[𝑛]ℎ𝑚,𝑘

∗ [𝑛 − 𝜏] + 𝜎𝑣
2𝛿 𝜏 𝛿 𝑙 − 𝑚

𝑁 𝐱 𝑛 , 𝑛 = 0,… , 𝑁 − 1
(1)

Ƹ𝑟𝑙,𝑚 𝜏 =

1

𝑁 − |𝜏|
෍

𝑛=0

𝑁− 𝜏 −1

𝑥𝑙 𝑛 − 𝜏 𝑥𝑚
∗ 𝑛 , 𝜏 ≥ 0

1

𝑁 − |𝜏|
෍

𝑛=0

𝑁− 𝜏 −1

𝑥𝑙 𝑛 𝑥𝑚
∗ 𝑛 − 𝜏 , 𝜏 < 0

𝑢𝑙 𝑛 , 𝑙 =
1,… , 𝐿 𝐇[𝑛]

𝑀 𝐿
𝐿𝑓

ෝ𝒘𝑚,𝑜𝑝𝑡 = ෡𝐑−𝟏ෝ𝐩𝑚, 𝑚 = 1,… ,𝑀

ෝ𝒘𝑚,𝑜𝑝𝑡 =

෡𝒉𝑚1

⋮
෡𝒉𝑚𝐿

. ෡𝐑

ෝ𝐩𝑚 ℰ 𝒚 𝑛 𝒚H 𝑛 ℰ 𝒚 𝑛 𝑥𝑚 𝑛

𝒚 𝑛 =
𝒖1[𝑛]
⋮

𝒖𝐿[𝑛]
𝒖𝑙 𝑛 =

𝑢𝑙 𝑛 ,… , 𝑢𝑙 𝑛 − 𝐿𝑓 + 1
T

෡𝐑[𝜏]

𝜎𝑣,𝑚
2

ො𝜎2𝑣,𝑚 = ො𝜎𝑥𝑚
2 − ෝ𝐩𝑚

H𝐑−𝟏ෝ𝐩𝑚

ො𝜎𝑥𝑚
2 𝑥𝑚[𝑛]

𝜁𝑛 =
σ𝜏 𝐑 𝜏 − ෡𝐑 𝜏

F

𝟐

σ𝜏 𝐑 𝜏
F

𝟐

𝑹 𝜏 ∈ ℂ2×2

𝜉𝑒𝑠𝑡,𝑛 𝜁𝑒𝑠𝑡,𝑛
𝜁𝑆𝐼,𝑛



 𝜉𝑆𝐼






