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OuR CONTRIBUTION GROUP ALONG THE DIAGONALS DETERMINING THE VALUES OF xifjs

» Our objective is to minimize the average delay in a two-user multi-access » Define the sum for the nth diagonal, as

The transitions between

system with average power constraints at the transmitters. diagonal groups when N = 3. n 1 , n . When n is ODD,
» We formulate the problem as a constrained optimization problem. Yn = Z (xi,n—i T xi,n—i)/ ty = Z X n—i > Symmétric setting allows a symmetric
» We transform the problem into a linear programming problem, and " =0 o =0 allocation.
develop a two-step scheme to find the optimal solution analytically. > The objective function is > Let 1 ,
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» A non-fading discrete-time AWGN MAC system N even-indexed groups guarantees that
Y=X;+X,+ 7 Z Yy = Z ( x}]- 4 xlzj) Ay the transition equations are satisfied.
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) by Transitions among groups: Forn =0, 1, ) When n is EVEN,

s 1 xS x00 (62 4 20(1 — 0)) = (y1 + ) (1 — 0)? | » Keep the allocation symmetric
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» When q # (0, 0), three possible departure rate pairs: and x;s are nonnegative as well

d' =(1,0),d°=(0,1) ord®> = (1,1)

» Define probabilities of choosing each pair as g}, g7, g7, then gj.+g%+g7 =1.

THE FIRST STEP: ALLOCATION AMONG GROUPS

THE TRANSMISSION PROBABILITIES gi-‘]-s

» When both power constraints are by the transition equations.

tight, we transform our A Linear Programming problem!

» The average delay decreases as
average power Increases.

> gi.‘].s are the main parameters we aim to choose optimally. miny ¢ Zgl y,n, with Zg yn =V, plus 2N group transition equations.
k
» The optimization requires us to assign larger values to y,s with smaller . Compute the transmission probabilities gg according to gi'(]‘ _ ngi]‘ .
LT : k=1 %ij
THE OPTIMIZATION PROBLEM indices 72 as much as possible. - Let 7t = max{n : y, # O,
» The allocation gLves us {yn}nzl and ;5 # 0 »1fi+j <7,then, wheni>j g =1 wheni<j g =1 wheni=jg;=gi=1/2and g} =0.
We obtain a Markov chain, whose » Transitions among groups after the allocation: » 1> 7, g5 =1,
the state space consists of all possible . o o © o 0 S e » The optimal policy has a THRESHOLD structure:
pairs of queue lengths: q = (ql, qg). . AP o T » If the sum of the queue lengths is greater than 7, both users transmit during the slot.
1 mxln Z Z i (i +7) » If the sum of the queue lengths is less than 71, only the longer queue transmits; if in
min — Z 7Ti]'(i +7) L \ k=1 this case both queues have the same length, each queue transmits while the other one
gb1p2 20 y . ] 20(P — o) — 2P THE SECOND STEP: ALLOCATION WITHIN GROUPS keeps silent with probability 1/2.
S.T. Xp0 =
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s.t. Z (8 Xt z’jﬁl) < Payg p — 2 Allocate 1/,s and t,,s obtained from the first step to x*s.
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] : : Y xp= 3 2a » A valid allocation in the second step proves the feasibility of the solution IMULATION RESULTS
Z Ti(85i% + 8iiP2) < Pavg i found in the first step.
i Z 2 O — 2Pgyq » Only allocate nonzero values to a small ’ == wom| The averace bower Vs averace
milP =7 y 7 B —2«x number of states (dotted states). 8 o=0e delay cur\efge i}; convex. and 5
7-[1 — 1 ’ o« o . /
Z 5 2P0 — 20 » All of th.e }1l‘emammg ;tates are trgnsfnt 7 piecewise linear.
. ) ) - d P —2x states with zero steady s;{tate probabi 1.ty. < » Each linear segment corresponds to
» Define xq9p = 0, X = TS Qx 0 » The values of nonzero X;8 are determined | the same threshold value.
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