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Abstract — It is not easy to achieve real-time video transmission testbed on WiMax, due to the lack availability of WiMax networks. This paper presents a ns-2 based emulator to evaluate the quality of multicast video services transmitted over an IEEE 802.16 wireless network. The impact of the modulation schemes and the cyclic prefix, on the throughput and video quality were discussed and the performance of the proposed emulator was evaluated. Specially, the results about the emulator's performance are relevant when real-time services are taken into account. The main contribution in this paper is the general guidelines provided to develop an efficient real-time multicast streaming video testbed on wireless networks, exploiting the potentialities of a tool as ns-2. Keywords- ns-2; WiMAX; multicast video streaming testbed.



I.



INTRODUCTION



Multicast and Broadcast Services (MBS) (which is also known as multimedia broadcast/multicast services, MBMS in 3GPP LTE) is one of the important services to be supported by the IEEE 802.16 WiMAX networks [2]. MBS is a point-to-multipoint service where data packets are transmitted from a single source to multiple destinations simultaneously. Most of the researchers focus on the resource management algorithms to enhance the spectral efficiency of MBS under a given quality of service (QoS) constraint. However, due to the lack of a well-operated WiMAX network, the performance of the proposed algorithms can only be verified based on computer simulations. The results obtained based on analysis or simulation are normally derived based on a single layer (e.g., physical or medium access control layer) point of view. Hence, the impact of the degraded QoS, which is normally represented in terms of packet loss rate in the analysis/ simulation, to the user’s perceived video quality is hard to be evaluated. The performance of multimedia applications may be affected many by many components such as users’ perception, multimedia applications (e.g., video codec), devices that operates the multimedia application, and network components that transport the multimedia content [3]. Generally, the QoS of a multimedia service can be determined from networks’ or applications’/users’ perspectives. From the network point of view, it utilizes resource management algorithms to offer a certain level of quality to the multimedia application. The quality level is normally determined in terms of network QoS parameters such as delay, packet loss rate, and/or throughput. However, the users do not care about how the



network manages its resource or what mechanisms are involved in QoS provision. In contrast, they concern about the services that networks provide which directly impact the perceived quality of the application.



In many cases, users can determine the application's QoS requirements by investigating the factors that influence the application quality. In response to users’ requirements, one may utilize application layer techniques to adjust the frame size, frame rate, color depth, and the compression algorithm. One



may also utilize various link/physical layer techniques such as packet scheduling, radio resource allocation, automatic retransmission request (ARQ), and forward error correction (FEC) to minimize the impact introduced by the wireless network. Generally, application-layer and link/physical-layer experts chose different metrics to indicate the quality of the multimedia services. For application-layer experts, a subjective mean opinion score (MOS) and a frame-by-frame peak signal to noise ratio (PSNR) are normally used as main performance metrics for sound/voice and video quality measurement, respectively. Normally, unreferenced or referenced methods are used to assess the quality of multimedia services [4]. Unreferenced methods evaluate the quality based on the degraded signal only. Subjective surveys are then required to map the degraded signal to MOS/PSNR. Referenced methods measure the distortion between original and degraded signals. The distortion values are then mapped to MOS/PSNR for the purpose of comparison. In either case, the evaluation is performed based on the real multimedia content and the quality is determined based on users’ perception. For link/physical layer experts, QoS parameters of packet loss rate, delay, and delay jitter introduced by the network are chosen as performance metrics. Therefore, the evaluation is performed on individual multimedia packets and the quality is determined based on statistical results measured from simulation. However, it is hard for researchers to have a cross-layer optimization solution due to the lack of an integrated simulation/emulation platform. Several network architectures have been proposed for WiMAX emulator [5]. However, most of them adopted a hardware-based approach and focus on the measurement of physical layer signals. Some of them adopted a software-based approach but cannot provide the emulation results in real-time. In most of the approaches, the emulation of single layer was presented. In [5], Chen proposed a general handover emulator for IEEE 802.16e system on top of NCTUns network simulator. Four personal computers (PCs) are used to emulate two base stations (BSs), one mobile station (MSs), and one echo server. Only the ICMP echo packets and IEEE 802.16 MAC control frames are transmitted among these PCs. In [5], the author did not address issues of real-time processing and computational complexity since the size of the emulated packets is relatively small the traffic loading are insignificant. In [6,7], Mahrenholz and Ivanov investigated the real-time network emulation with ns-2. They tried to perform real-time emulation and interconnect ns-2 to a live network. In [5], a distributed architecture is adopted where each PC emulates as a single network node. In contrast, a centralized architecture is used in [6,7] where multiple network nodes are emulated by user-mode of Linux running on the same PC. The main benefit of the distributed architecture is its scalability. However, it is hard to



manage these PCs and the transmission delay among PCs is very high. In contrast, the main benefit of the centralized architecture is easy for management. However, the scheduling accuracy and the computation power of the PC may affect the emulation results. Similar to [5,6,7], ICMP echo packets are exchanged among nodes to test the accuracy of real-time clock. In this paper, an ns-2 based emulator is proposed to demonstrate the real performance of the multicast service. Similar to the approaches proposed by Mahrenholz and Ivanov [6,7], this paper used an ns-2 based WiMAX emulator to emulate different channel impairment experienced by each client in real-time. Different to their approaches, real streaming video packets are transmitted among nodes running on different PCs. Hence, the video quality perceived by each client can be emulated in real-time. The performance of QoS mechanisms such as resource allocation and packet scheduling algorithms can then be evaluated from users’ perspective. The paper is organized as follows. Section II summarizes the implementation challenges and proposed solutions of a WiMAX emulator. Experiments were then conducted to verify the effectiveness of the proposed solutions and the results were shown in Section III. Concluding remarks were given in Section IV. II.



NETWORK ARCHITECTURE



The proposed network architecture is shown in Fig. 1. In this architecture, one PC is used as a media server and several PCs are used as video clients. One PC running ns-2 is used as a WiMAX network emulator which mimics the impairments introduced by the wireless channel in real-time. The streaming video packets generated by the media server are fed in the WiMAX emulator and then multicast to clients. Each client can then display the received video stream independently. The network simulator ns-2 is a discrete event simulator targeted at networking research. Ns-2 provides modules for simulation of TCP, routing, and multicast protocols over wired and wireless (local and satellite) networks. The same ns-2 WiMAX module used in the system level simulator of WiMAX Forum [8] is also used in our emulator. It implements the main functions specified in IEEE 802.16-2004 [9] and IEEE 802.16e-2005 [10]. WiMAX Emulator
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A. Implementation Challenges 1) Clock synchronization among real and emulated network components Before going into details, the notations used in this paper are first defined. Tsys : the timing of the real network component, which is



retrieved using the system call gettimeofday. Note that Tsys in all real network components are identical. TRTC : a real-time clock used by ns-2, which is derived from



the internal counter of the central processing unit (CPU). Ns-2 used the real-time clock to synchronize the timing of emulated network components to that of the real network components. Tt : the timing set by the scheduler of ns-2, which is set to



be the trigger time of the first event to be executed in ns-2. Ns-2 is an event driven simulator. All of the events are stored in a queue and executed according to an ascending order of their trigger time. The task scheduler in ns-2 always set Tt to be the trigger time of the first event in the queue when an ongoing event is finished. In other words, the value of T is changed in a discrete manner. Normally, the time required to execute an event in CPU is not exactly the same as the time difference between the trigger times of successive events. Hence, there is a timing inconsistency between real and emulated network components. The timing inconsistency may result in a serious problem when we interconnect the real and emulated network components. For example, assume that the media server transmits a streaming video packet every 1 second and the ns-2 takes 0.4 seconds to transmit and process a packet. In the media server, the first packet is generated at Tsys = 1 . Nst



2 receives the first packet immediately Client



Node Wired



as a Pcap/Berkeley Packet Filter (BPF) network object or a raw socket network object. The Pcap/BPF network object is used to capture and filter the link-layer frames. A raw socket network object is used to send network packets. For any node in WiMAX network, it can transmit and receive packets from the other nodes. Hence, two ‘wired node’ modules are needed to implement transmit/receive (TX/RX) functionality. A ‘sink’ module is used here to assign the TX/RX functionality to a BS or a MS.
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Figure 1. The proposed network architecture.



As shown in Fig. 1, each node in the WiMAX network is emulated by a ‘sink’ module plus two ‘wired node’ modules. It is because that the ‘wired node’ in ns-2 can only be configured



( i.e., Tsys = 1) and



forwards the packet to client at Tsys = 1.4. If the triggering time of the head-of-line event in the ns-2 queue is Tt = 2, ns-2 will process the event prior to the second packet before the second packet arrives. In other words, ns-2 may results in the out-oforder delivery problem. 2) Coexistence of routes in ns-2 In ns-2, a single node can be configured by either a wired route or a wireless route. However, BS and SS nodes are network nodes that have both wired and wireless routes.



Because the ns-2 is not the integration of wired and wireless routing capabilities. So that the routing table from Sink0 to Sink1 /Sink2/Sink3 can not be generated. For example, BS use wireless routing protocol transmitted packets to the SS, but it doesn’t know any further routes by wire link after SS. Hence the packets from Sink0 sent to a Sink1 through the BS. The wireless routing protocol of BS can not decide the appropriate hop (eg, SS1) as relay candidate node. Hence, the coexistence of wired and wireless routes for nodes in ns-2 is one of the problems to be solved. 3) Packet loopback Streaming video packets are transmitted from the real network to the emulated network and then forward to the real network. The Pcap/BPF in ns-2 is configured to filter and then forward packets originated from the media server (with IP address of 192.168.1.2) and the client (with IP address of 192.168.1.3). As shown in Fig. 2, the Pcap/BPF in the WiMAX emulator may en-queue all of packets originated from the media server, process it, and forward them to the client. However, the forwarded packet will be captured by the Pcap/BPF again since they are originated from the IP address 192.168.1.2. Hence, it results in the so-called packet loopback problem. 4) Floating Point Operation In ns-2, the OFDMA module of WiMAX [11] has many floating-point operations, which increases the implementation complexity. In addition, the original OFDMA module of WiMAX not considers the program optimization. Thus that used a number of multiplication and division operations. For example, WiMAX module computing power of each subcarrier code is as follows:



operations, it was found that the OFDMA module needs 466 to 74490 multiplications (with mean value of 4765) to process each packet. Hence, the computational complexity results in a big challenge in transmitting the streaming video packets in real-time. 5) Multicasting In the emulated networks, all of the modules used to mimic the network functionalities are implemented by computer programs. However, the computer program is executed in sequential. Hence, the same packet that multicast to N nodes will be forwarded N times in the emulated networks. As a result, the total number of packets forwarded from the emulated network to the real network will be N times than we expected. B. Solution In the following, simple solutions to the aforementioned issues will be provided. 1) Real-time clock In this paper, the same clock is used by emulated and real networks to deal with clock synchronization problem. A realtime clock is used in CalendarScheduler in ns-2 in order to synchronize the timing of emulated network to that of real network. That is, the event in emulated network will be executed only if the real-time clock is no less than the event trigger time. The real-time clock is derived from a 64-bit counter provided by x86 CPU. The counter is increased by one for every clock cycle. Users can use the instruction of Read Time-Stamp Counter (RDTSC) to get the value of the counter. The clock rate of a CPU is normally determined by the frequency of an oscillator crystal. (The first T is derived from the system call gettimeofday) Hence, the real-time clock can then be found as RTC



Pr_subcarrier[n++]= (Pr_bulk/(total_subcarriers)) * ReceiveCombining(…, … ,… ,…) where Pr_bulk is the path loss, which was derived form by carrier frequency, distance and the antenna height of the transmitter and receiver; total_subcarriers is total number of subcarriers; ReceiveCombining is used to calculate multipath fading based on a given power delay profile. For the same packet, Pr_bulk and total_subcarriers are constants. But the calculation of (Pr_bulk/(total_subcarriers)) must be repeated for each subcarrier, which results in performance degradation.
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where Timei is the real-time clock corresponding to CPU RDTSC and CPU freq is the core frequency of CPU. Note that the time clock derived from Eq. (1) is not accurate due to the estimation error of CPU freq . Hence, we further utilized the Timer Interrupt function provided by Linux to periodically calibrate the real-time clock. Therefore, the proposed emulator can reach high accuracy on the real-time clock but retain the execution efficiency of RDTSC. In this paper, each RDTSC instruction consumes only 12 to 60 clock cycles (which is about 4.264 to 21.318 ns) [12], which is in significant compared with the one required by executing the system call gettimeofday.



Figure 2. Packet loopback



The total number of floating point operations for transmitting 1 packet was evaluated. The value is obtained by averaging the results of 32000 packets. For floating-point



2) Manual Routing Manual routing is used to solve the route coexistence problem in ns-2. The routes consisted of two steps. First, the Sink connection with the route of wireless nodes must determine the destination address of the packet. If the destination address is the wireless node then the node address uses the NO Ad-Hoc Routing Agent (NOAH) or else the use of



hierarchical static route. In the second step, search for NOAH routing table. If there is destination address excite packet routing table then use the NOAH or else the use of hierarchical static route. 3) Setting Flag A flag is proposed to be added in the optional field of the IP header of each forwarded packet to identify the loopback packets. The Pcap network object will discard a loopback packet if its flag is set. 4) Computation Optimization This paper uses fixed-point operations to replace floatingpoint operations for reducing the execution time of the OFDMA module in ns-2. The conversion is done for each subcarrier and thus, the computation complexity for the fixpoint conversion is in proportional to the number of subcarriers. The computation of the path loss in the OFDMA module is optimized. The OFDMA module uses ReceiveCombining function to obtain a channel_gain representing by 6 bit floatpoint. Hence, each channel_gain convert a floating-point operation to a fixed-point operation is to multiply the floatingpoint representation by the two to the power of 31 and take the integer part of the multiplied value.



The total computational power required by ReceiveCombining function is determined in terms of multiplication and summations. In OFDMA module, the received power of a subchannel is obtained from aggregating the received power for all subcarriers belonging to the same subchannel. For each subcarrier, the received power is obtained from multiplying (Pr_bulk/(total_subcarriers)) by the channel gain of the subcarrier. In this paper, the overall channel gain for each subchannel is first calculated and then multiply by (Pr_bulk/(total_subcarriers)) to obtain the received power of the subchannel. Hence, it greatly reduces the amount of multiplications. It was found that only 3090 multiplications are required after optimization. 5) Multicasting In WiMAX, the network may transmit the same packets to multiple MSs served by the same or different BSs simultaneously. In the core network side, the packets are filtered and forwarded by multicast routers to different BSs. Each BS will then forward to the MSs using the multicast connection identity (CID).



It is not easy for the emulated network to provide the multicast feature without using the multicast router. Some of the papers aimed to develop the function of virtual router [13] to prevent clients from receiving multiple copies of the data. However, the use of the virtual router is beyond the scope of this paper. III.



EVALUATION



The following experiments were conducted to verify the effectiveness of the proposed solutions. The accuracy of the real-time clock was first investigated. The performance of the floating-point operation and the fixed-point operation was then compared. The distortion of the fixed-point operation was also evaluated. Finally, the real-time streaming video was actually transmitted through the emulated network.



A. Accuracy of the real-time clock The task scheduler should be kept idle while determining the accuracy of the real-time clock. A tcl script defined in [17] was used to create a simple test environment. The script was executed for 500 seconds and the T was adjusted based on RTC



Tsys for calibration intervals of 0.5, 1, and 2 seconds. The



average timing error per calibration (ATEPC) is then measured for each adjusting interval, which is given by ⎛ TRTC (i ) − Tsys (i ) ⎞ ⎟ * Tcal ⎝ Tsys (i ) − Tsys (i − 1) ⎠



(2)



ATEPC = ⎜



where Tcal is the calibration interval. A positive value of PTE implies the real-time clock is quicker than the actual time. In contrast, a negative value of PTE is resulted if the real-time clock is slower than the actual time. B. Performance of floating-point and fixed-point operations An experiment was designed to investigate the reduction of the computational complexity using the fixed-point operation. The round trip time required to transmit and receive an Internet control message protocol (ICMP) Echo packet was used as an index [14]. It is assumed that the round trip time comprises the transmission delay introduced by the network and the processing delay introduced by the CPU. The IPTable was set to ensure that the ICMP Echo packet will be processed by the WiMAX emulator and to prevent Linux kernel from responding ICMP Echo packets for the CPU. The experimental environment for ICMP Echo test is shown in Fig. 3. Emulator - PC
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Figure 3. Experimental environment for ICMP echo test



In the SS node, a PingResponder Agent was used to respond to the ICMP Echo packet. In each experiment, 500 ICMP Echo packets were transmitted and the round trip time required by 32-byte short packets and 1460-byte long packets were both investigated. C. Accuracy of fixed-point operation An experiment was then designed to verify the accuracy of the fixed-point operation. The experiment was designed to prevent from the performance of the fixed-point operation being affected by the measurement accuracy.



In this experiment, we used the test case of test_arq_be_ugs.tcl used in the system level simulator provided by WiMAX Forum. The received power of all clients was



calculated using fixed-point operation. The results were then compared with that obtained from floating-point operation to to find the error between the two approaches. D. Real-time Streaming Video Finally, experiments were conducted to verify the effectiveness of the proposed WiMAX emulator. The network architecture used to conduct the experiments is shown in Fig. 4. Three PC were interconnected to a switch hub. The media server is equipped with a Pentium 4 CPU and Windows XP operation system. The WiMAX emulator is equipped with an AMD PhenomII X4 920 and RedHat Enterprise 5 operation system. The two clients are both equipped with an Intel Pentium M CPUs and Windows XP operation system.



The VLC media player [15] is used as the streaming video server in the media server and as the streaming video player at the clients. The VLC media player is configured to be running in (RTP mode). Block Packets from Media Server



RTP WiMAX Emulator 192.168.1.101



Client 1 192.168.1.2



Figure 4. Experimental Environment



IV.



EVALUATION RESULTS



REAL-TIME CLOCK CALIBRATE INTERVAL AND AVERAGE CALIBRATE TIME COMPASIM



Calibration Interval (s)



0.5



1



2



ATEPC (μs)



-0.1745



-0.365



-0.734



B. Performance of floating-point and fixed-point operation Tables II show the performance of the fixed-point operation. Let Tfloat and Tfixed be the average response time of ICMP echo test using float-point and fixed-point operation, respectively. The performance rate of using fixed-point operation is defined as： Performance Rate ( % ) =



⎛ T float − T fixed ⎞ ⎜ ⎟ T float ⎝ ⎠



PERFORMANCE COMPAISM OF FLOATING-POINTAND FIXEDPOINT OPERATIONS



Average Response Time of Short Packets(ms) Average Response Time of Longer Packets(ms)



Floating-point Operation 21.1



32-bit Fixed Point Operation 15.16



22.05



16.42



C. Accuracy of fixed-point operation The fixed-point operation may result in the approximation error during the conversion. The approximation error is defined as the difference between the results of floating-point and fixed-point operation normalized by the results of the floatingpoint operation. It was found that the maximum approximation error of the fixed point operation is 0.005 ppm, and the minimum is 0.0006 ppm. The mean value is 0.001 ppm. Hence, the approximation error can be neglected.



TABLE III.



A. Accuracy of Real-time Clock TABLE I showed the ATEPC derived from Eq. (2) for different calibration intervals. In this paper, the maximum value of ATEPC was set to be 0.5μs. Hence, the calibration interval of 1 second was chosen here to minimize the loading of CPU. TABLE I.



TABLE II.



D. Real-time Streaming Video Experiments were conducted to investigate the impact of the modulation scheme and the cyclic prefix (CP) to the throughput and the video quality. Sniffer pro was used to measure the average throughput [16]. The maximum data rate of the streaming video under test was 1000 Kbps. The constrained variable bit rate (constrained VBR) mode was used to transmit the streaming video.



RTP



Media Server 192.168.1.3



It was found that the performance rate of using 32 bits fixed-point operation in transmitting short packets (i.e., 32 bytes) and long packets (i.e., 1460 bytes) are 28.15% and 25.53%, respectively. The results showed that fixed-point operations may achieve at least 25% performance rate improvement for both short and long packets



(3)



CP 0.25 0.125 0.0625 0.03125 TABLE IV. CP 0.25 0.125 0.0625 0.03125



REAL-TIME STREAMING VIDEO EXPERIMENTS DATA (BPSK) Average Throughput (Kbps) 419.856 564.584 711.784 714.328



Results image cannot be displayed image cannot be displayed image is severely degraded image is severely degraded



REAL-TIME STREAMING VIDEO EXPERIMENTS DATA (QPSK 1/2) Average Throughput (Kbps) 853.216 1094.368 1069.176 1077.96



Results image is slightly degraded images smooth images smooth images smooth



The experimental results of using BPSK and QPSK 1/2 were shown in Tables III and IV, respectively. In Table III, it was found that a longer CP may result in a lower average throughput, which degrades the quality of the video streams. It was found that the video streams cannot be recognized if the CP value is higher than 0.0625. Figure 5 shows the video streams transmitted by using BPSK with CP = 0.0625. In



Table IV, the modulation and coding scheme of QPSK 1/2 were adopted. Hence, a higher average throughput was achieved. It was found that the quality of the video stream was very good if the CP value is not higher than 0.125. It is because that the offered data rate is always higher than that required by the streaming video service. With the decoder buffers provided by the media player, the streaming video was slightly degraded for CP = 0.25. The result was shown in Figure 6.



accuracy were addressed. Solutions were then proposed to hook up a video sender to a ns-2 emulator and transmit video over this emulated network to remote clients. The proposed emulator can emulate different channels and real propagation conditions. The video is displayed on each of the clients, and allows for evaluation of application-level video streaming metrics. This emulator can inject real traffic and can be used as a useful tool to test and develop new algorithms without using high-cost architectures. The performance of the proposed emulator was evaluated when real-time services are taken into account. The main contribution in this paper is the general guidelines provided to develop an efficient real-time multicast video streaming testbed on wireless networks, exploiting the potentialities of a tool as ns-2. ACKNOWLEDGMENT This work is supported in part by National Science Council, Taiwan, under contract No. NSC 98-2219-E011-005. REFERENCES [1] [2]
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V.



CONCLUSION



This paper presented an ns-2-based IEEE 802.16 network emulator for supporting multicast streaming video services. The impact of the modulation schemes and the cyclic prefix, on the throughput and video quality were discussed. Details of the implementation of the emulation in ns-2, including time synchronization, route coexistence problems, and floating point
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