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Massive Machine Type Communications (mMTC)
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Ultra-Reliable Low Latency Communication (URLLC)

• Sub-millisecond latency: error rates less than 1 packet loss per

105 packets.

• Remote surgery.

• Autonomous driving.

• Factory automation.
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Random Access in mMTC
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Framework

• M users, L active users, L≪M. Think of M = 2100 and

L ≈ 250.

• Each active user u` transmits signal su` ∈ CN , ∥su`∥ = 1.

• Receiver sees

s = (
L

∑
`=1

c`su`) + n, c` ∈ C,n ∈ CN .

• Problem: Determine {u1, . . . ,uL} given s.
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Codes for massive random access

• Grassmannian lines: a collection of M ≫ N unit vectors in CN .

• Worst-case coherence of S = {si}i :

µ(S) = max
i≠j
∣s†
j si ∣.

• Minimum chordal distance:

δc(S) =
√

1 − µ2(S).
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Codes for massive random access (II)

Binary Chirps: © R. Calderbank, D. Howard, J. Searle

• Fix m ∈ N and N = 2m.

• Fix b ∈ Fm
2 and S ∈ Sym(F2,m).

• Define:

S = {ub,S}b,S
, ub,S(a) =

1√
N
ia
t
Sa+2b

t
a mod 4.

• ∣S∣ = 2m(m+3)/2 and δc(S) = 1/
√

2.

• Crucially: Fast and efficient decoding!
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Codes for massive random access (III)

Binary Subspace Chirps: Optimal extension of BCs

• δc(BSSC) = 1/
√

2 and ∣BSSC ∣ = 2m ⋅ ∏m
r=1(2r + 1).

• ∣BSSC ∣/∣BC ∣ ≅ 2.4.

• Crucially: Fast and efficient decoding!
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General Framework

• Hidden assumption: Base Station and User have one

antenna.

• New assumption: nr receive antennas, nt transmit antennas.

• M users, L active users, L≪M.

• Each active user u` transmits signal su` ∈ CN×nt , ∥su`∥F = 1.

• Receiver sees

s = (
L

∑
`=1

su`c`) + n, c` ∈ Cnt×nr ,n ∈ CN×nr .

• Problem: Determine {u1, . . . ,uL} given s.
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Design criteria for recovery guaranties

Definition (Well-Balanced MIMO Signature Codes).

A MIMO signature code C ⊂MN×nt(C) is called well-balanced if

for every Xi ∈ C we have

X †
j Xi = ci ,jUi ,j ,

where Ui ,j is an nt × nt unitary matrix and ci ,j is a scalar. The

signature code will be called ε-well-balanced if ∣ci ,i ∣ = 1/nt and

∣ci ,j ∣ ≤ ε for i ≠ j .

� Provable recovery guaranties!
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Design criteria for recovery guaranties (II)
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