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ABSTRACT

In conventional communication systems, throughput optimization problems have been mainly dealt with
in terms of protocol designs such as routing, scheduling, and encoding/decoding efficiency. However a
new optimization solution has been required and widely studied for complex multivariate systems such
as multi-hop MIMO networks. Cross-layer optimization has been introduced as the basic framework for
the theoretica solutions to improve the network performance, and there has been a plethora of
approaches to extend the cross-layer optimization processes to the multi-hop MIMO networks. Contrary
to the legacy SISO, if the crosslayer optimization is applied to MIMO networks without appropriate
variables reduction, the computation complexity increases exponentialy. Linking the physical layer
operations of MU-MIMO to other layer features such as MAC scheduling may cause a tremendous
computational overhead. The problem itself has characteristics that cannot be easily expressed in LP, and
even if expressed in LP, numerous variables presented in the system prevent a practica optimization.
The purpose of this paper is to solve the problem of minimum length scheduling that satisfies a given
traffic demand in a multi-hop MIMO network with a cross-layer optimization scheme. The solution we
proposed is to devise an optimized scheduling algorithm based on LP decomposition through column
generation. Through various mathematical analysis and test results, we have confirmed that the proposed
method greatly improves the system performance significantly.
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Table 2. Traffic Demands

Links Traffic Demand (Mbits)
N1->N3 36.80307
N3->N13 168.9384
N13->N6 168.0356
N13->N7 492.4798
N6->N11 375.832
N7->N11 323.2655
N2->N10 441.4327
N8->N16 255.945
N16->N10 188.1014
N10->N14 441.8811

® 3 ¢1YE Z2AA 2
Table 3. Algorithm Procedure Results

Links Active Links Duration (ms)

1 N10->N14 T3] 385
N6->NIL [3

2 N2->N10 [3 764
N6-SN11 [3

3 N16->N10 [2] 9.68
N13->N7 [3]

4 N10->N14 [3] 8.52
N7->N1L [2

5 N8->N16 [3 591
N3->N13 [3

6 N10->N14 [3] 2.92
N7->NiL [1]

7 N16->N10 [2] 11.93
N13->N6 [2

8 N7->N11 [1 388
N16->N10 [2]
N1->N3 [3]

9 N7->N11 [1] 0.64
N16->N10 [2]
N7->Ni1 [7]

10 N10->N14 [4] 353

B Case-study 2. Algorithm comparison
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Table 4. Minimum Schedule Length (ms)
# of Links | Proposed Approximation | DoF

10 13.94087 14.44706 17.68876
20 24.79552 29.61318 39.51183
30 33.44339 41.96131 50.35401
40 38.73119 46.4575 51.31946
50 46.71433 66.74662 71.63972
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Table 5. Convergence T|me (s

# of Links Optimal Proposed

10 13.612 4.037

20 6h 13.983

30 6h 26.255

40 6h 34.186

50 6h 41.268
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G329 M7t 20705 HA%
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Table 6. Convergence Analysis (# of iterations)

# of antenna
# of Links

3 4

10 35 4.2

4.8

20 7.9 7.5

8.3

30 115 11.1

12.5

40 13.3 14.5

15.3

50 11.9 10.9

11.1
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