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Background Proposed Constrained Weighted Graph Matching Matching Algorithm

» 3GPP introduced a new resource allocation concept Algorithm 1: Matching Algorithm
for vehicular broadcast communications called Input: A bipartite graph GU) = (VVU), R, EV)) for each
V2V mode-3 max clx cluster, such that ‘VO)‘ = !R

» Bipartite graph matching with conflict constraints

» eNodeBs only intervene in subchannel allocation. . Inuny ® 1ixr o Output: A set of perfect matchings MY, j=1,....J.
: _ : _ : subject to R1lixgx=1 begin
» However, vehicles communicate directly with their Llixv @ 1pxr | for j — 1: J do
COEJnte.I’I?artS e br(_)adcaSt ma.nn.er. | - A | Step Ia: Generate an initial feasible labeling [;.
» It is critical that_ vehlcle.s transmit in orthogonal time X =|T11,... 7£EN7NKL]T : solut.lon vector S s Carmmauiie Whe ceuely aulsmesh GEJ) _
resources to avoid conflicts and thus guarantee safety. c=|c11,...,cNNKL]": capacity vector few | Lv) + L(r) = dy} for v €
¢;j = Blogy(1 + SINR;;): j-th subchannel capacity Vi) Ir € R, e, € EU).
N: number of vehicles . : - () i ()
Objective Step Ic: Find an arbitrary matching MU/ in G,
: = Subchannels: R _ S _
» Propose an approach that (i) maximizes the system acro. Pacro- acro. Step 2: Terminate the algorithm if the matching

sum-capacity and (i7) guarantees a conflict-free sub- vertex R4 vertex Ro vertex R MU is perfect.
channel allocation for V2V mode-3.

Step 3: Find a vertex v/ € VU that has not been
matched' in MUY and set SU =
{v'}, TV = {0}.

System Model
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Step 4: Go to Step 6 if N(SY)) £ TU),
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Step 5a: Compute the labeling [, V' vertex 2

SINR

v, Figure 6: Constrained weighted bipartite graph li(z) —¢,if z € SU)
li(2) = S Uj(2) +¢,if z€ TV

lj(2), otherwise
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» Complexity via exhaustive search: O(|R|!/(|R| — |V|)!)
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Subchannel Assignment — Cluster 2 Where

N Simplified Weighted Graph Matching s — mi?) {L(W) + 1(r) — dy }
= veSY
= : TE?%\T(j)
» Equivalent Problem ,
oms 47 Step 5b: Compute the equality subgraph G;(]).
Figure 1: Vehicular broadcast communications via sidelink tiax ay , ] Step 5c: Update the gquality subgraph and
subject to NxN © 11xN y = 1. labeling: G;J) — G;m, [ < U,
11wy @ Inxn
. . . —/_/ . :
Sidelink Subchannel Grid A Step 6a: Find a vertex r € N(SW) \ 7).
: (4) (4) (4)
N - c Myans ® Lk e d Step 6b. Pe(?;orm SV ¢« SV U {u}, T < .
X CQ\ r | Tra1 | Tkt :74\0 . TV U{r} and g(c;)to Step 4 if de,,, € M
% CQ\ r Fok o «?Q\jji X —» dlag(-) > X Ly @ Licg Y such that u € VY.
0 » To remove the dependence of y on x, Step 7a: Find an alternating path
g CQ\ (e oK rag rrT <€@.Of0H€@1f1H : .A./H€@m7ﬁm> such that v,, €
- X X ; .
Ims 1ms 1ms Ims =00 (0 {GEO\M(])} forn=0,1,...,m, ez, , €
10 el : ] h MY forn=1,2,...,m.
L (ms) (‘)’%g}H edemenZ—Wlse natlfcral ogarithm Step 7b: Augment the previous matching MU)
e’V Hadamard exponential. | n—rm n—m
Figure 2: Channelization of sidelink resource blocks (RBs) g {MU) U { €, frzo }\{G@nfn—l}nzl :
» This is equivalent to Step 7c: Go to Step 2.

B: subchannel bandwidth. L: number of subframes.
K: number of subchannels per subframe.

Contributions

Example: Subchannel Allocation Conflict

» We formulated a maximum sum-capacity conflict-free
subchannel allocation scheme for V2V mode-3 which

) R
With conflict constraint Without conflict constraint . . . .
/ ol s I I Vehicles Subchannels was first solved via exhaustive search.

O S:h belli belli . . .
/S e » The proposed scheme is recast as a bipartite graph
0o > Complexity via Kuhn-Munkres: O V|, IR|/ K} -

Yoe £ g omplexity via Kuhn-Munkres: O(max{|V|, |R|/K}") matching problem.

O e e » The complexity of the resultant scheme was reduced
\\\-~-:".IO g : . e . (] [] L . .

%’h k>)I\?esourc\;:As\jlgnment aRe\s/ourc\:/e,A|\55|gnment SImU|atl0n: Data Rate Statlstlcs COmparISOH by Means Of gra ph Vel’teX aggregatlon

H;’O e e » The resultant scheme was then solved via Kuhn-
= O 1AL Sl Vir :

N g momomom N N N N Munkres algorithm.

k i time (4ms) / time (4ms) / -~ 7 = = = gA —\N— :
2 5 G | [€Graph-based Algorithm » The new scheme can attain the same performance as
8 S g Exhaustive Search
c - .
Figure 3: Resource allocation example = 2 | |AGreedy Algoritm exhaustive search.
v S {F+Random Algorithm
g 3 SEWD—H
x Y 9 — — | L]
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Simulation: Data Rate per Vehicle Nurber of Vohicles Conclusions
= Figure 7: Worst-rate vehicle /N = 100, K =7 » We have presented a novel subchannel allocation al-
Exhaustive Search : . .
= 1 | onehsve S gorithm for V2V mode-3 communications considering
= [ raph-based Algorithm — g r.& : . . : :
810 | 8.978.978.97 8228925y |||Greedy Algoritm I conflicts avoidance without neglecting capacity.
v oQ 7.63 719719 [Random Algorithm 0.7 : ~ - :
~ 5.85 " € Graph-based Algorithm » \We were able to transform the original problem into a
2 6 459 V [ - EXhaéJSt,IAVIe Search i : - . : : :
= 4 204 2 Random Agorithm = simplified form without altering optimality.
o 1.76 1.67 oe : :
1.161.16 1.25 - ----Exhaustive Search w/o constraints . .
= 3 ——— = 0.1 xhaustive Search w/ AL » Although not explicitly enforced, the proposed scheme
o : o : :
Highest-Rate Worst-Rate System System Rate 5 6 7 ] 9 10 IS capable of prowdmg a hlgh degree of fairness to all
Vehicle Vehicle Average Rate Std. Dev. Rate, [bits / s / Hz] vehicles.
Figure 4: Vehicles data rate /N = 100, K =7 Figure 8: Cumulative distribution function /N = 100, K =7
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