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New spectrum and technologies for 5G and loT

» Heterogeneous frequency resources, including lower frequencies and
millimeter wave bands (e.g., 700 MHz, 28 GHz, 37 GHz, 39 GHz, 64-71
GHz, ...);

Many small cells;

Many antennas (massive MIMO);
Full duplex;

Massive/grant-free access for loT;

Non-orthogonal multiple access for loT;

vV v v v v Yy

Traffic and interference will vary significantly from cell to cell.
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Metropolitan-scale deployment
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Radio resource management (RRM)

At any time, which access points (APs) should serve a given user equipment
(UE)?
What frequencies and powers should each AP-UE link use?
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Timescales

1 millisecond 1 second 1 minute 1 day
opportunistic ICIC self-organizing QLP pla;'cemen_t

: - configuration
scheduling elCIC network (SON)

» Scheduling is likely to be distributed; cooperation is local;
» The aggregate traffic demand and large-scale fading vary slowly;

» Coarse resource allocation can be carried out over a metropolitan area.
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Our vision: C-RAN + Metropolitan-area RRM
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Radio network model
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» |t is a convex optimization problem.

» It has an optimal solution that activates at most k patterns.
> It has kn2"~! 4 2" + k variables.
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Optimized allocation
oe

A user-centric scalable model

A1 A2

» Each UE can be served only by a cluster of APs in its neighborhood;
» Out-of-cluster APs treated as stationary noise sources;

» Equivalent reformulation as iterative binary linear programming with
O(k) variables with guaranteed optimality gap;

» Solved using a highly efficient iterative pattern-pursuit algorithm.
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1000 APs and 2500 UEs: topology and association
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Local topology and allocation

550

450

y (meters)
w
&
3

10
300 | 2505 6 20112

900 950 1000 1050 1100 1150 1200 1250 1300

X (meters)

12 [30[sq 30[ 20 [3130[ 0| [a1l [s1] =1 30l [ad 30 [20[30] 30 [29[2d [30[30[30faa] [ 20 [2[ |30

11 [ 2824 28 28] 28] 28 |od 28]20[ 28 28] 28 pa[ 2028l 28| [28] 28 29| 28 | 28] 28]26] 20] 20[ 28] el [28[od

10 [ 25]28] 28] o5 [ 25[ 25[ 25 |os| 25[25[ 25 25[ 25 s[25|os] 25 [25]25] 25 |25|2d 25[ 25| 25[25[25/25] 25 |25 25] 25 [ 25[o5l25 25[2dl2
2 o[26lod 26 26| [ 2alod 27 242724 | 26 |24] 24[27 26 26 [ 27[2al2d | 26 |24 26 26 2
& 8[23] [23 232224 2a[24 2a] 21 od [oa[ 21| [2a[ 24 | [o322[ 22]22] |oa[2a] 21 22] Jodod o
S 7F g 20[ 19 ho18]18[ 18] 20[ 19| [19]2 10]18 20 [10] [18] 201819 [1g] l19[ 19 20 [19 19[201¢
¢ o [1el [5s[6]16 11l16[17 5] [15] [11 asfig[16] 1] gl [16 [1a[ 11 515 [
8 5 [1all1a[ 12 [1a]12] 22| [1a] [1a]12[12ha] [12[ 12 [12[1a] 12 T12]a: 12 [14]12p1a 12 12 [121al13[12[12]1:
< 4[10] [10[107 a0 ufi2f o o] 10| [u] 1o(12[ T11] lof1af 10 1d]

sk 8 6|8 [8]s]s[ [e]s] [7]6 6[s[ o [8] [s]e[s[7] [s 8l6 6 |8 8[7]s

2F Jal@ alalala 7] 4 [a[alals al a 4la a a[afa]a]ala

1]z 2| lelalal [alal [al2[3 3]sl 3 [al [afa[afal [3]4 [al2]3 ]2 1]2[2

0 0.1 02 03 0.4 05 06 07 08 0.9 1

Spectrum allocation

Dongning Guo

Metropolitan-Scale Radio Resource Management



Performance
[e]e] lele}

Baseline schemes

» Full-spectrum reuse with strongest AP association;

Dongning Guo

Metropol Scale Radio Resource Managem



Performance
[e]e] lele}

Baseline schemes

» Full-spectrum reuse with strongest AP association;

» Full-spectrum reuse with optimal AP-UE association;

Dongning Guo

Metropolitan-Scale Radio Resource Management



Performance
[e]e] lele}

Baseline schemes

» Full-spectrum reuse with strongest AP association;
» Full-spectrum reuse with optimal AP-UE association;
> A theoretical lower bound.
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1000 APs and 2500 UEs: delays
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1000 APs and 2500 UEs: packet-level simulation
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o

Conclusion
» A vision for metropolitan-area multiple-timescale resource management;
> A user-centric scalable model;
> A highly efficient iterative pattern-pursuit algorithm;
» Guaranteed optimality gap;
» The framework is potentially applicable to some other metropolitan-scale

resource management problems.
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