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中文摘要:

機會式媒體接取控制主要是利用

無線通訊管道的時變性(如 fading)，只
使用瞬間情況良好的管道傳送封包，

以 增 加 無 線 網 路 的 總 體 產 出

(throughput)。傳統的通訊理論把通訊
管道的時變性視為必須克服的缺點；

而機會式媒體接取控制則將無線通訊

管道的時變性視為一種可以利用的資

源。目前，大多數關於機會式媒體接

取控制的文獻都是假設基地台不能同

時接收多個封包。多封包接收能力是

指一個基地台可以在同一時間 (time
slot)、同一頻帶(frequency band)同時成

功地接收並解碼來自不同網路節點的

多個封包。在傳統的(0,1,e)通道模型

中，同時傳送兩個以上的封包只會造

成碰撞，對網路 Throughput 並沒有任

何貢獻。然而，網路消息理論(Network
Information Theory)與先進的通訊技術

( 如 CDMA+Multi-user Detection 及

Smart Antennas+SIC 等)允許基地台可
以同時成功地接收多個封包。以先進

的通訊技術為基礎的 medium access
control scheme 可 以 達 到 傳 統 的

medium access control schemes 所無法

達到的無線網路效能。分散式的媒體

接取控制方案可以分為 3 大類：

Aloha、Tree Splitting 及 CSMA。我們

目前正在針對這 3 大類的 MAC
Protocols 各自選擇一個代表來研究如

何 使 之 與 Opportunistic Packet
Transmission 相結合。目前我們已有一

些初步的結果。在此多年期研究計畫

結案前，我們會將研究成果投稿到網

路通訊領域的 IEEE 期刊。

Abstract:

An opportunistic medium access
control scheme takes advantages of the
time-varying nature of wireless
communications channels. In particular,
in order to maximize the network
throughput, an opportunistic medium
access control scheme uses only
channels with good instantaneous
qualities to transmit packets. In
conventional communications theory,
channel fading is seen as a detrimental
property. In contrast, from the viewpoint
of opportunistic medium access control,
channel fading is beneficial to network
throughput. Currently, most works on
opportunistic medium access control use
the conventional (0, 1, e) collision
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model.
In a wireless network with multiple

packet reception, an access point could
simultaneously receive/decode a number
of packets from different sources, which
use the same frequency band to transmit
packets. In the conventional (0, 1, e)
channel model, simultaneous packet
transmissions to an access point results
in packet collisions and leads to a
decrease in network throughput.
However, network information theory
implies that it is possible for the access
point to simultaneously receive/decode a
number of packets from different
sources. The multiple packet reception
capability could be realized by advanced
communications technologies such as
CDMA-based multi-user detection and
smart antenna with successive
interference cancellation. More
important, the capacity region of an
information-theoretic medium access
control scheme is larger than that of an
arbitrary pure TDMA-based medium
access control scheme.

Random access control schemes
can be classified into three classes:
Aloha, Tree Splitting, and CSMA.
Currently, for each of the above classes,
we have identified one representative
MAC protocol. We are working on
modifying the classic MAC protocols so
that they could benefit from being
opportunistic. We have come up with
some preliminary but promising results.
We will further improve our work and
then submit it to related IEEE

Transactions before the end of this
three-year research project.

Figure 1: Uplinks with Different
Channel States

1 Related Work and Our

Approach

Adireddy and Tong [7] proposed a
variant of Slotted ALOHA for medium
access control, where the transmission
probability depends on the CSI (Channel
State Information). Qin and Berry [5]
proposed an opportunistic medium
access control scheme for wireless
networks based on tree-splitting. Qin
and Berry [14] proposed distributed
approaches to exploit multi-user
diversity in wireless networks by
scheduling users to transmit when their
channel conditions are favorable. Yu and
Giannakis [17] proposed an
opportunistic medium access scheme
that adapts to decentralized CSI for
wireless networks. Sabharwal,
Khoshnevis, and Knightly [20] proposed
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a measurement-based opportunistic
spectral usage scheme based on
CSMA/CA for a multi-band wireless
networks.

Liu, Chong, and Shroff [15] studied
the problem of opportunistic
transmission with resource-sharing
constraints mainly for downlink
communications in wireless networks.
Leung and Sung [18] proposed an
opportunistic power control scheme for
cellular networks. Sadek, Liu, and
Ephremides [16] proposed a cooperative
multiple access scheme that takes
channel state information into
consideration for wireless networks.
Ribeiro, Cai, and Giannakis [19]
proposed an opportunistic multipath
scheme for cooperative multiple access
in wireless networks.

Zhao and Tong [17] proposed a
multiqueue service room (MQSR) MAC
protocol for wireless networks with
multipacket reception. For medium
access control in wireless networks with
multiple packet reception, Gau and Chen
[35] proposed the predictive multicast
polling scheme that continuously
updates the prediction for queue states,
which are used to determine the best
polling order. Gau and Chen [12]
analytically derived the exact values of
the network throughput and the average
packet delay for the classic tree/stack
splitting algorithm in wireless networks
with multiple packet reception.

There are three well-known classes
of distributed random access control

schemes in the literature: Aloha, Tree
Splitting, and CSMA. For each of the
above three classes, we have identified
one representative MAC protocol. We
are working on modifying the classic
MAC protocols so that they could
benefit from being opportunistic. In
particular, for a variant of the
tree-splitting protocol and a variant of
the CSMA protocol, we have worked out
some preliminary but promising
analytical results. Our analysis is mainly
based on discrete stochastic processes
and algorithmic queueing theory.

2. Summary of Recent

Research Achievement

(2008/08/01~2009/05/31)

We published a paper [12] in the
prestigious IEEE Transactions on
Mobile Computing in December 2008.
In the paper, we propose novel
probability models to derive the exact
values of the network throughput and
the average packet delay for the classic
tree/stack splitting algorithm in wireless
networks with multiple packet reception.
Our work can also be applied to the
conventional collision channel, which is
just a special case of the general
multiple packet reception channel.
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