Spatial Throughput of Multi-hop Wireless Networks
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|. INTRODUCTION

In this work we focus on a microscopic analysis of decen-
tralized ad hoc wireless networks ruling out the possibibit
coordination between nodes. To this end, we jointly address
the properties of the physical and the data link layer in
the design of the media-access control (MAC) protocol and
provide conclusions on routing strategies based on physica
layer metrics. We thus provide a cross-layer setting in otale
characterize the performance of wireless networks. Wenassu ,
that nodes access the channel at random and employ sim- oot A e T
ple protocols to retransmit the erroneously received packe !
namelySotted Aloha, andIncremental Redundancy using the ‘ L
wireless setting as described in [1]). ’ ' Rate R bitdim

For this analysis, the nodes are taken to be spatially dis-
tributed on the plane according to a homogeneous spaﬁ&- 1. The Spatial throughput (in bit-meter per dimensian pnit area

. . . or different retransmission pI‘OtOCO|S and transmlssmtnategles. Transmit
Poisson process which leads to a new representation of ¥ r — 54B, node density — 1, power loss exponent — 4.
terference and collisions between concurrent transnmissito
derive the spatial throughput, we follow the analysis ofdgel

and Kleinrock in [2] where they studied the spatial capaofty The channel driven strategy performs substantially bé

a slotted Aloha multi-hop network with capture. The spati e other stratedies by exploiting fransmissions onlv deso
throughput is computed in terms of the product of the number 9 y €xp g y

of the simultaneously successful transmissions per uei alw'th instantaneously good channels. On each hop, the link

by the average jump (or expected forward progress) made %qé)a0|ty_|s then maximized. By this strategyz we are opi_mglz
ha . S . the spatial concurrency and the spectral efficiency of eiagh |

each transmission. We carry out its optimization with respeb exploiting multi-user diversit

to the channel access probabiljtyas defined in the case of y exp 9 Y-

the collision channel without feedback [3]. For the purpose I11. CONCLUSIONS ANDFUTURE WORK

of comparison of potential multi-hop routing protocols, we We derived formulas for the spatial throughput for sim-

consider three strategies; one that maximizes the expectg

’ ‘Féj retransmission protocols and transmission stratefgies
forward progressRSl) based on long-term averages of signak,n4om networks described by a spatial Poisson point pro-

to-interferencg ratios, the second that relays packetﬁu_io [:ess. A routing protocol aiming to maximize the expected
closest node in range at each hop towards the final desmatf8rward progress and exploiting multi-user diversity iwh

(RS2) and in the third where the next hop is selected t0 explqf iy nificantly out-perform other schemes. Future work wil

the best channel and to be the most forwaRBE). This ;0,5 on more advanced strategies for cooperation, thgsisal
last strategy attempts to explditstantaneous channel state ¢ oy i yser detection techniques, MIMO and directional
information at transmission when choosing candidate Ut \tennas and practical coding strategies

rather than relying on average signal-to-interferencesat
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