









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Multi-modal MAC Design for Energy-efficient Wireless Networks Siddhartha K. Goel, Tamer ElBatt Information and System Sciences Lab. HRL Laboratories, LLC1 Malibu, CA 90265, USA {sgoel,telbatt}@hrl.com



Abstract— In this paper we explore the design of multimodal MAC for wireless ad hoc and sensor networks that dynamically adapt its behavior in order to minimize the energy to delivery ratio under a wide variety of network loads. The prime motivation is to balance the inherent trade-off between the energy wasted in collisions and the energy expended by collision avoidance handshake mechanisms. Towards this objective, the study goes through two phases. First, we explore the space of MAC modes subject to the constraint that different access schemes can inter-operate. Accordingly, we limit our attention to modes within the nonslotted random access paradigm. Second, we analyze, with the aid of detailed network simulations, the energy performance trade-offs of four variations of the CSMA/CA access scheme. Initial results reveal interesting observations related to the energy/delivery contribution of channel reservation and single-hop acknowledgment packets under a wide variety of temporal network loads.



I. I NTRODUCTION Recent work in the S-MAC protocol proposed in [1] provides energy-efficient extensions to the class of CSMA/CA protocols with special emphasis on minimizing the energy waste due to idle listening, packet overhearing and control packets using the notion of message passing. However, message passing still hinges on plain CSMA/CA for resolving contention and, hence, inherits its energy-consuming per-data-packet RTS/CTS frames for collision avoidance and ACK frames for supporting link reliability. In [2], the authors introduce a TDMA MAC scheme based on classical two-hop information for saving energy via avoiding collisions and sleeping when idle. Minimizing the idle energy via synchronous, asynchronous and on-demand wakeup schemes constitutes the major thrust in energy-efficient MAC research. Consequently, in this paper we focus on a problem orthogonal to idle listening and take a closer look at potential energy trade-offs associated with the control packets and collision rate experienced by CSMA/CA. 1
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Channel access schemes for ad hoc and sensor networks can be broadly classified into random access (e.g. CSMA and CSMA/CA) and scheduled access (e.g. 802.11 PCF and TDMA). Both classes require extensive state information exchange between each transmitter-receiver pair, prior to establishing communication, in order to minimize data packet collisions. Intuition suggests that energy savings could be achieved via dynamically adapting the collision avoidance and reliability handshake depending on the collision rate. II. M ULTI - MODAL MAC D ESIGN In this section, we investigate the choice of different MAC modes that not only exhibit different points on the energy-performance trade-off curve but can operate simultaneously as well. Towards this objective, we discuss the ”existence” and ”feasibility” of achieving MAC multimodality. The optimum MAC is a function of node density, node topology, and traffic characteristics (spatial pattern, packet rate, and packet size), which all vary over time and space. Hence the need for a MAC protocol that makes different choices for the access mechanism at different points in space and time.



Fig. 1. The Inter-operability Challenge



Next, we discuss the practical feasibility of multi-modal MAC protocols. Different MAC modes could be employed in different parts of the network at a certain point in time. Therefore, these MAC modes must be ”compatible” so that nodes at the boundaries of regions using different modes can interact and understand each other. Otherwise, employing MAC modes that can not communicate (e.g. slotted scheduled access and non-slotted random access) as



shown in Figure 1 gives rise to a network that is fragmented to a number of isolated islands where communication across islands is infeasible. Clearly, designing a multi-modal MAC that spans both random and TDMA access is challenging, particularly in an ad hoc setting. Given that spatial variation in the MAC modality is highly desirable, and that handling transitions between random and scheduled access modes is non-trivial, we limit our attention in this paper to modes that are compatible at a base level, albeit perhaps at inferior performance. Clearly, limiting scope to the world of random access or scheduled access simplifies things considerably. We explore random access modes with physical carrier sensing, backoff and retransmission mechanisms exactly similar to 802.11 DCF but with varying degrees of virtual carrier sensing and single-hop reliability. We considered random access schemes with different control overhead. CSMA and CSMA/CA constitute intuitive choices since the former has no control overhead whereas the latter incorporates per-packet RTS, CTS, and ACK overhead. However, inter-operating these two protocols is faced with a fundamental hurdle attributed to their completely different timers, data structures and back off mechanisms. Accordingly, it was not clear what actions a CSMA node should take upon hearing RTS/CTS/ACK framess of a neighboring node using CSMA/CA. Notice that CSMA does not maintain a NAV (Network Allocation Vector) table and, hence, would simply ignore the overheard control packets which could lead to disrupting the communication of neighboring CSMA/CA pairs. Thus, we need a CSMA-like scheme that has no control overhead, yet, conforms to the carrier sensing, collision avoidance, and persistence rules governing the operation of CSMA/CA and, hence, refrains from accessing the channel upon overhearing neighbors’ control packets. This led us to introducing four modes that are variations of CSMA/CA and represented by the following sequences of packet exchange for each data packet transferred between a sender and a receiver: DATA, DATA-ACK, RTS-CTS-DATA, and RTSCTS-DATA-ACK. It is worth noting that these modes are inherently compatible since the data structures (e.g. NAV) along with the backoff and retransmission timers utilized by all the modes are exactly the same. III. P ERFORMANCE E VALUATION



AND



D ISCUSSION



A. Simulation Setup In order to confirm the multi-modality of the chosen MAC modes (i.e. superiority of specific modes under different network loading regimes), we conduct a number of



experiments using the Qualnet [4] simulator. We consider a random network topology of 50 stationary nodes uniformly distributed in a square of side 1500 meters as shown in Figure 2. All nodes share a single frequency band and each node has an omni-directional antenna. The underlying physical layer is assumed to be 802.11b with a link data rate of 2 Mpbs. We assume a simple two-ray propagation path loss model. The radio transmission power was fixed to 15.0 dBm which translates to approximately 250 meters transmission range.



Fig. 2. Snapshot of the simulated diffusion application showing the multi-hop routes constructed from all source nodes



In this set of simulations, we focus on the class of diffusion applications. The diffusion application is assumed to operate in the ”Pull” mode where the sink node(s) pull the data of interest from the temperature sensors onboard source nodes. In our simulations, we assume node 49 to be the only sink in the network and all other nodes are sources2 . In addition, the data packet size is varied between 1 and 1200 bytes and the interest packet generation rate is varied between 1 and 20 packets/sec. We adjust the simulation time such that the total volume of traffic flow in all simulation runs is the same. We adopt the empirical models developed in [3], based on the energy measurements gathered for a Lucent IEEE 802.11 WaveLAN PC Card, for computing the energy expended during the transmission and reception of control and data packets. Based on [3], the transmission and reception energy follow a linear model as shown below, E =α×S+β



(1)



where S is the packet size, in bytes, including all higher layer headers, namely diffusion, IP and MAC headers, in addition to the physical layer PLCP header. The experiments conducted in [3] suggest that the constants α and ”Figure 2 shows the multi-hop routes constructed from all sources to the sink, it does not show the network topology.” 2



β are given by 0.00050 and 0.356mW respectively during packet reception, and 0.0019 and 0.454mW respectively during packet transmission. B. Simulating the Modes As pointed out earlier, we simulate four variations of the CSMA/CA MAC protocol that use different combinations of control packets which gives rise to the following handshake mechanisms: 1. 4-way handshake: RTS-CTS-DATA-ACK or RCDA. 2. No channel reservation: DATA-ACK or DA. 3. No link reliability: RTS-CTS-DATA or RCD. 4. No channel reservation or link reliability: DATA or D. It is evident that the RCDA mode is the classical CSMA/CA underlying IEEE 802.11 DCF. On the other hand, the DA mode is achieved via setting the ”RTS threshold” (a tunable parameter in 802.11 MAC) to be arbitrarily large. In this mode, the RTS/CTS packets will never be transmitted since the RTS Threshold is set to value larger than the range of data packet sizes of interest which, in turn, simulates the DA mode. The RCD and D modes differ from their reliable counterparts, namely RCDA and DA respectively, in the sense that the steps they follow for sending unicast packets resemble to a great extent the 802.11 DCF procedure for sending broadcast packets. For instance, after DATA transmission the sender does not go into a WAIT FOR ACK state or set the timeout/retransmission timers. Furthermore, upon DATA reception the receiver does not match the sequence number, does not update the list of received packets, and does not send an ACK. For mode D, the contention window (CW) never increases, since there are no retransmissions, and therefore does not have to be reset. For the RCD mode, the CW increases upon RTS retransmission and is reset when the RTS retransmissions reach a limit. C. Simulation Results The performance metric used to compare the four modes under investigation incorporates both energy consumption and packet delivery performance. In particular, we compute the energy per good-bit received (E/G) in Joules/bit defined as the total energy expended by the network, over the duration of a simulation run, divided by the cumulative number of data bits successfully received at the sink node. Thus, the optimal operating point is achieved when the network consumes the least energy and the sink receives the highest good-bit, i.e. E/G is minimum. Figure 3 shows the performance of all four MAC modes over a wide range of data packet sizes and packet generation rates, where their diverse behavior under different net-



work loading regimes is evident. From the 3 visible corners in the region shown in figure 3, it is evident that D performs optimally at low network loads (small packet sizes or low packet generation rates); while RCD takes over at higher packet generation rates and higher packet sizes.



Fig. 3. E/G vs. packet size and packet rate for all 4 MAC modes



IV. C ONCLUSIONS In this paper we introduced the concept of multi-modal MAC that adapts its behavior in order to minimize the energy to delivery ratio under a wide variety of temporal network loads. This is motivated by collision-control energy trade-off inherent to interference-limited wireless ad hoc and sensor networks. Towards this objective, we first explored the space of MAC modes subject to the constraint that different access schemes can inter-operate. Then, we analyzed, with the aid of detailed network simulations, the energy performance trade-offs of four variations of the CSMA/CA access scheme. We found D and RCD performed better, under different network loads, than their reliable counterparts. R EFERENCES [1] W. Ye, J. Heidemann and D. Estrin, An Energy-Efficient MAC Protocol for Wireless Sensor Networks, IEEE INFOCOM, June 2002. [2] V. Rajendran, K. Obraczka and J. J. Garcia-Luna-Aceves, EnergyEfficient, Collision-Free Medium Access Control for Wireless Sensor Networks, ACM SenSys, Nov 2003. [3] L. M. Feeney and M. Nilsson, Investigating the Energy Consumption of a Wireless Network Interface in an Ad Hoc Networking Environment, IEEE INFOCOM, April 2001. [4] www.scalablenetworks.com
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