1. (10 Points) The Session Initiation Protocol (SIP) provides advanced signaling and control functionality for a wide variety of multimedia services. (A) Explain why SIP could support personal mobility. (B) Explain how caller could influence the routing of the SIP message. (C) Explain how SIP support forking function? (D) While almost all phone calls are between two parties, signaling also needs to support multiparty calls (such as “PUSH TO TALK”). Describe how SIP could be enhanced to support multiparty calls. (E) Compare Mobile IP and SIP for mobility support. (F) Since SIP agent could also communicate with each other directly with each other, do you have suggestions for service providers (offering SIP services) for billing and security concerns?
2. (10 Points) 4G-cellular systems should not only be high speed but also high-capacity, with low bit cost and the ability to support the services of the 2010s. IEEE Standard 802.16-2001, completed in October 2001 and published on 8 April 2002, defines the WirelessMAN™ air interface specification for wireless metropolitan area networks (MANs). (A) Explain how IEEE 802.16 accommodates both continuous and bursty traffic. (B) Explain how IEEE 802.16 support adaptive burst profiling. (C) For a 802.16 subscriber (such as a SS) to set up a SIP connection (including signaling and voice over IP), can you explain how 802.16 could support the SIP service. (D) Explain why in both TDD and FDD systems, the UL MAP might not able to allocate starting in the current frame.
(b) The MAC supports burst frequency-division duplex (FDD) and time-division duplex (TDD) in a consistent framework. It also supports real-time adaptive modulation and coding so that, in each burst, communication in the link to each subscriber station is optimized at that instant.
This service scheme ensures periodic request opportunities, which can be used by the SS to request for a specific grant in real-time. Non-Real-Time Polling Service is designed to cater to the needs of non-real-time applications such as bulk file transfers that may need high bandwidth allocations but can tolerate longer delays. This service requires the SSs to randomly access transmission opportunities to request for uplink bandwidth. The Best Effort service provides service to best effort traffic where no throughput or delay guarantees are provided. The SSs are required to contend for bandwidth during contention request opportunities. The availability of such opportunities also depends on network load and is not guaranteed. In addition to these scheduling services, the MAC also provides support for concatenation and fragmentation.  
3. (10 Point) (A) Explain how address the power conservation issue. (B) The EC-MAC (Energy Conserving-Medium Access Control) protocol, on the other hand, was developed with the issue of energy efficiency as a primary design goal. The EC-MAC protocol is defined for an infrastructure network with a single base station serving mobiles in its coverage area. Can you describe cases that EC-MAC perform better power conservation than IEEE 802.11 power saving? (C) Explain how PAMAS (Power Aware Multiple Access) protocol addresses the power conservation issue.
(A) The 802.11 standard defines procedures that can be used to implement power management during inactive periods. In particular, three distinct building blocks are provided to support power savings: a Wakeup Procedure, a Sleep Procedure, and a Power-save Poll (PS-Poll) Procedure. A station (STA) can combine these power management building blocks in various manners for different applications.

(C) The PAMAS approach utilizes two radios in order to allow nodes to save power. The PAMAS protocol turns nodes off that are not actively communicating. By utilizing the secondary radio, inactive nodes can quickly power on their primary radio with minimal delay. A number of other two radio approaches have also been suggested by the community.
4. (10 Points) (a) Can you describe two main motivations for The Terminode Project: Toward Self-Organized Mobile Ad Hoc Networks? (b) Can you describe Ad hoc network evolutions from early stage to the future? (c) Can you describe the characteristics of Ad hoc networks? (d) In the early stage, two kinds of routing schemes: (1) table driven routing scheme (such as DSDV) (2) on demand routing scheme (such as AODV). Can you explain the differences between them? (e) What are the similarities and differences between ad hoc networks and sensor networks?
5. (10 Points) (a) Different from traditional routing schemes, recently, geographical methods have been utilized for routing. Can you describe how geographic information can be helpful for the routing function? (b) For large scale ad hoc networks, what are the problems for the routing schemes? (c) Can you explain the following example? (D) Usually real time service might require stringent delay constraint and not allow retransmission. How to provide real time service under an unpredictable environment?
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(A) A GIS(Geographic information system) can simulate the routing of materials along a linear network. Values such as slope, speed limit, pipe diameter can be incorporated into network modelling in order to represent the flow of the phenomenon more accurately. Network modelling is commonly employed in transportation planning, hydrology modelling, and infrastructure modelling. 
(b) Ad Hoc Networks are transmission networks on the structure of wireless networks by consisting of many mobile hosts. But it is no need to use any support by other communication infrastructures like Base Stations, and directly use wireless networks for data-transmission.
Because the feature of per host as fast movement, every host can join or go away as it likes, thus, the topology appeared from Ad Hoc networks will have higher probability to make packet loss or transmission delay and cause network flooded to do unnecessary re-send and lose the flow of running data.
We will explain generally some relative protocols of setting up routes and possible problems. Besides, describe relative researches of how to solve and reduce the possibility of problem happened.
Then, we will bring up a new constructive protocol (Partition-Timing Routing Protocol，PTR), the protocol can adjust neighboring nodes of covered scope to select certain node to be own core node, if any covered node needs to transmit data to others outside the scope, it has to be managed by core node.  
Besides, the timing for update and adjust data of per covered scope is different too and not as same as other ways which update timing is at the same time to reduce the load of the entirely network and more changeable. 
Furthermore, it may increase the rate of update of per scope to get the target of succeeding data-transmission. 
The simulation results will appear that the load and possibility of data transmission has more advantages than other ways. 
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6. (10 Points) Providing real time services such as voice or video over ad hoc network is a challenge. Usually QoS routing will be required for real time connections. (a) Describe the difference between QoS routing and shortest path routing. (b) Usually bandwidth constraint must be satisfied for the required voice and video. How do you compute the available bandwidth for an ad hoc node if you have 2M bits per second bandwidth and each requested video stream require 50 K bit per second bandwidth. As problem 5 case (Figure 2), the video connection is constructed from sender to receiver, how many bandwidth resources could be consumed for each node (sender, R1, R2, and receiver). (c) If you need to employ two alternative paths, how would you extend DSR algorithm? (d) Multipath routing has been proposed to satisfy QoS requirements. Can you describe the advantage and disadvantage for mutlipath routing?
7. (10 points) 

Consider an ad hoc sensor network where nodes are equipped with QPSK radios that operate at rate r. The power consumption of the radio when transmitting to a node at distance d with specified BER b is Ptx = (+ *d^4)*r. The path loss model is 1/d^4. The power consumption when in the receive mode is Prx = *r. The radios need a start-up time of Ts when switched to transmit mode. During the start-up time, the power consumption is Ps.

Now, consider a sensor S and gateway G that are distance D apart, and communicate using packets of length L bits. Let the desired BER in the packet flow between S & G be b. What is the optimum number N (>= 0) of multihop relay sensor nodes, and their locations, that you would want to have between S & G so as to minimize the energy consumption by the network (i.e. S,G, and the relay nodes put together?)

Find this optimum N for a typical case where r = 1Mbps, = 45 nJ/bit, = 0.001 pJ/bit/m^4,  135 nJ/bit, Ps = 60 mW, Ts = 500 microseconds, L = 30 bytes, b = 1E-4, and D = 10 m, 50 m,100 m, 500 m, and 1000 m. You need to find optimum N for each different D.
Note that the average probability of bit error for QPSK is Q(sqrt(2Eb/N0)). Also, Q(z) =0.5*erfc(z/sqrt(2)).
8. (10 Points) The approach employed by UWB radio devices is based on sharing already occupied spectrum resources by means of the overlay principle, rather than looking for still available but possibly unsuitable new bands. (A) Describe the general definition used within the FCC’s First Report and Order and widely accepted by the industry for a UWB device. (B) Explain what is meaning of the spectral efficiency. (C) Does IEEE 802.15.3 apply master station approach as Bluetooth? How is UWB different from frequency hopping used in Bluetooth? (D) How IEEE 802.15.3 accommodate continuous (e.g. voice) and bustry traffic (e.g. TCP). Explain.
9. (10 Points) (a) A direct mechanism for achieving multicast reception on MHs is to let HA handle multicast routing by executing IGMP and delivering multicasts to the MHs as if it was at home. In current IETF mobile multicast, is it qualified as remote subscription or bi-direction tunnel multicast? Advantage? Disadvantage? (b) What is the duplication problem? (c) What is the tunnel convergent problem? (d) Can you describe what is “combine routing”? Advantage? Disadvantage? (e) What is the scoping problem?

10. (10 Points) A critical design issue for future wireless ad hoc networks is the development of suitable communication architecture, protocols and services that efficiently reduce power consumption thereby increasing the operational lifetime of network enable devices. For small communication devices (such as sensors, PDAs, etc), reducing the transmission power may significantly extend the operational lifetime of a device, thus enhancing the overall user experience. A distance between two nodes could be determined by propagation model or GPS. Can you enhance DSR (Dynamic Source Routing) to minimize the total transmission power needed to forward packets between devices in ad hoc wireless networks either through (A) propagation model or (B) GPS location information?
