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1. (Wi-Fi 6: IEEE 802.11 ax Dense Network) In recent years, there has been a major surge in WLAN deployment in geographically limited environments (encompassing multiple overlapping Basic Service Sets OBSSs ). The strategic importance of WiFi technology (in terms of the expected number of WiFi-capable devices) so as to meet traffic demand by the year 2019 is highlighted in Fig. 1. The Figure 2 indicate OBSS problems. 
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The most notable 802.11ax’s design driver is the recognition that, today, WLAN devices are deployed in very diverse environments, characterized by the presence of a massive number of terminals concentrated in localized geographic areas.
(A) Describe the major design differences between 802.11ac and 802.11ax in terms of throughtput perspectives.

(B) Breifly describe how 802.11ax improve the Spatial Reuse in Mac Layer Enhacements. 
(C) Breifly describe how 802.11ax adopts multiuser (MU) techniques to reduce the tranmission overhead in Figure 3. 

[image: image3.emf](Fig 3)
2. (802.11ax High Efficiency WLANs) The desired increase of the user throughput is achieved by more efficent spectrum usage. (A) What is the key feature of 802.11ax is the adoption of a new approach, widely used in cellular networks, but brand new in Wi-Fi. Explain the benefits as follows:
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(B) Describe how 802.11ax perform uplink MU OFDMA or MU MIMO as follows (through a trigger frame):
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(C) Describe the spatial resuse operation by adjusting the carrier sense threshold and transmit power as follows:
[image: image8.emf]
3. (CARA, Collision Aware Rate Adaptation protocol) (10 Points)

Today’s IEEE 802.11 WLANs (Wireless LANs) provide multiple transmission rates so that different rates can be exploited in an adaptive manner depending on the underlying channel condition in order to maximize the system performance. Many rate adaptation schemes have been proposed so far while most (if not all) of the commercial devices implement a simple open-loop rate adaptation scheme (i.e., without feedback from the receiver), called ARF (Automatic Rate Fallback) due to its simplicity. The following figure shows IEEE 802.11 DCF throughput as a function of the number of stations from an indoor table top experiment for different data rates of 802.11b—11 Mbps, 5.5 Mbps, 2 Mbps and 1 Mbps—and dynamic rate shifting (“auto rate”) implemented in Enterasys WLAN cards. (A) Explain the throughput degradation in the Figure.  (B) Explain clearly how CARA could address this problem. Describe (i) the way to distinguish packet errors.(ii) the way to enhance IEEE 802.11 protocol. 
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4. (Wi-Fi 4: 802.11n) (A) The IEEE 802.11 protocol family provides up to 54-Mbps data rate (such as 802.11a), whereas the industry is seeking higher data rates. IEEE communication 2002 literacture shows that a theoretical throughput upper limit and a theoretical delay lower limit exist for the IEEE 802.11 protocols. The existence of such limits indicates that by simply increasing the data rate without reducing overhead, the enhanced performance, in terms of throughput and delay, is bounded even when the data rate goes into infinitely high. Can you explain why? (B) Explain how IEEE 802.11n addresses the maximum throughput upper limit issue. (C) Describe two major imrovements of IEEE 802.11n on Physcical layer. (D) 802.11n offer two aggregation schemes: A-MSDU (aggregate MAC protocol service unit) and A-MPDU (aggregate MAC protocol data unit). Explain why A-MPDU delivers better performance than A-MSDU in Figure 4 (increased offered load by varing the packet size as follows:
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Bl Figure 4. Throughput vs. increased offered load by varying the packet size.




4. (802.11n MIMO rate adaptation) Rate adaptation (RA) in the recent IEEE 802.11n systems dynamically adjusts the Modulation Coding Scheme based on the runtime channel quality. It is critical to network throughput, yet unspecified by the standard. What makes RA in the 802.11n setting different from the legacy 802.11a/b/g systems is its new Multiple-Input Multiple-Output (MIMO) technology. With multiple transmit and multiple receive antennas and channel bonding, the 802.11n standard allows for two operation modes. One is the diversity-oriented single-stream (SS) mode. The other is the spatial multiplexing driven, double-stream (DS) mode. Using both SS and DS, it thus oﬀers a wide range of rate options, starting from 6.5Mbps and reaching 600Mbps at the maximum. (A) Explain these two modes: Single Stream Mode (SS) and Double Stream Mode (DS) (B) Different from the legacy 802.11a/b/g systems, there exhibits a non-negligible, non-monotonic relation between the rate option and SFER (Sub Frame Error Rate) in 802.11n MIMO settings when considering all rates in both SS and DS modes. Describe how non-momotonic relateion might bring some challenge to the rate adaptation scheme in the following figures. Our extensive experiments further discovered that there exhibits a non-negligible, non-monotonic relation between loss and rate in 802.11n MIMO scenarios, when considering all rate options and ignoring operation modes. As the rate value increases, loss does not monotonically grow with rates in different modes as follows:
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(a) SFER non-monotonicity in cross modes.
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(b) SFER monotonicity in DS mode.
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(c) SFER monotonicity in SS mode.




[image: image11.png]Rates Atheros RRAA SampleRate Fixed Rate Fixed Rate
(Mbps) RA Goodput (Mbps) SFER
40.5SS 36.23 0.12%
54SS 49% 49.08 0.20%
54DS 48.87 0.12%
81SS 72.94 0.07%
81DS 72.64 0.06%
108SS 51% 96.46 0.15%
108DS 47% 89% 96.31 0.16%
121.58S 53% 4% 74.01 17.92%
1358S 7% 36.56 54.61%
162DS 128.46 4.31%
216DS 5.71 96.73%
Goodput 71.40 85.36 91.95

(Mbps)

SFER 0.59% 13.24% 7.25%

Table 1: Rate distribution, Goodput and SFER of

existing RA algorithms at P4.





(C) Offer a rate adaption scheme for 802.11n.

5. (Wi-Fi 5: Gigabit 802.11 ac) Mobile data traffic is projected to experience an 18-fold increase between 2011 and 2016 due to the growth of mobile subscribers and bandwidth

demands to support data-hungry applications. the IEEE 802.11ac Task Group (TGac) is working on an amendment that has the goal of reaching maximum aggregate network throughputs of at least 1 Gb/s on bands below 6 GHz, excluding the 2.4 GHz band. (A) Describe two major features that allow 802.11 ac to achieve gigabit transmission rate. (B) Explain how 802.11 ac (which has 80 MHz or 160 MHz bandwidth) stations avoid to collide with legacy 802.11 stations (which utilize 20 MHz primary channel). (C) Explain the difference between Single-User MIMO (SU-MIMO) and Multi-User MIMO (MU-MIMO). (D) Explain the beamforming protocol proposed for 802.11 ac by requiring knowledge of the channel state information (CSI) by all users as follows: 
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6. (Multi-Gigabit 802.11 ad) Millimeter-wave (mmWave) with large spectrum available is considered as the most promising frequency band for future wireless communications. With the ratification of the IEEE 802.11ad amendment to the 802.11 standard in December 2012, a major step has been taken to bring consumer wireless communication to the millimeter wave band. (A) Explain the most significant difference between 60 GHz band and traditonal 2.4 GHz and 5 GH unlicensed bands. (B) Explain why 802.11ad must adopt directional communicaitons rather than traditional omnidirectional transmissions. (C) The IEEE 802.11ad amendment to the 802.11 standard defines a directional communication scheme that takes advantage of beamforming antenna gain to cope with increased attenuation in the 60 GHz band. Explain how 802.11 proceeds directional communications as the the following Figure 6. for directional multi-Gigabit (DMG) BFT in BHI (Beacon Header Interval). 
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(D) Explain the following Beacon Interval Operatoin in terms of association beamforming training and data transmission in Figure 8 by exchange sector sweep frames (SSW frames). (E) Describe two types of services in DTI(data transfer interval).  
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7. (Wi-Fi 7: 802.11be, 802.11ay) There are two new trends for Wi-Fi technologies: use the new spectrum wisely and maximizing performance. Breifly describe the new goals for new standards: 802.11be and 802.11ay). 
