
A Cross-Layer Framework for 

Exploiting Virtual MISO Links in 

Mobile Ad Hoc Networks

G. Jakllari, S.V. Krishnamurthy, M. Faloutsos, P.V. Krishnamurthy, O. 

Ercetin.- IEEE Trans. Mobile Computing, June 2007 (Vol. 6, No. 6) pp. 579-

594.

CS 691 RR

Cooperative Networking

Presented by: Nishant Yamujala

Place photo here



Where are We?

Å Capar and Hardwick discussed the wireless physical layer.

Å Segbefia and Morrison discussed that cooperative communication 

techniques can be used to achieve transmit diversity in the 

absence of multiple antenna elements.

Å While cooperation seems like an interesting tactic, Dolatshahi and 

Menasche discussed the performance limits of using cooperative 

communication techniques in Ad Hoc networks.

Å Neighbor discovery can also be an important criterion so Khalili  

and Conlonova discussed some papers which propose neighbor 

discovery algorithms that can be applied to cooperative networks. 



So What are we doing today?

Å The paper discussed today will build on the ideas presented in 

pervious lectures.

Å Krishnamurthy et al combine the ideas of space time 

communications and cooperative diversity to present a multilayer 

approach to improve end -end performance, mobility and 

robustness in Ad Hoc networks .

Å The authors take a synergistic approach which requires tight 

collaboration between the physical, medium access and routing 

layers.

Å The authors run simulations and are indeed successful in showing 

that their approach is better than traditional SISO communication 

systems.



Space -Time communications

Å We have already seen that the use of multiple antenna arrays 

provides spatial diversity.  

Å These additional òspatial degrees of freedomó can be exploited to 

improve capacity, bandwidth and robustness.

Å When antenna arrays are used with space -time codes, good 

things happen !

Å Space time codes are linear in space and time.

Å Space time codes are a highly bandwidth efficient approach to 

signaling within wireless communications.

Å Space time codes exploit spatial and temporal diversity by 

spreading symbols across time and multiple antennas before 

transmission.



Impact of Space Time codes on MISO links

Å On a SISO system, the single transmitter sends m symbols in mT(s) 

seconds , but on a MISO link, there are N transmitters that transmit 

m complex symbols over kT(s) seconds, where m<=k. 

Å There are large diversity gains if the symbols are transmitted in a 

particular pattern called a Space -Time block code.

Å The single receiver with knowledge of the channel state can then 

combine the multiple signals to recover the symbols resulting in a 

much lower BER than otherwise.

Å The Alamouti code is a good example of a space time block code 

with diversity of order 2 (i.e. two transmitters).



Diversity and Power Gains due to Virtual MISO 
and Space time techniques

Å With the techniques outlined, for a target BER, the required SNR for 
a virtual MISO link is lower than the required SNR for a SISO link.

Å With this diversity gain, the signal can be recovered at a farther 
distance!

Å Also, each transmitter on a virtual MISO link needs only 1/N times 
the power of a single transmitter (P) on a SISO link.

Å Consequently, it is possible for each of the transmitters to still 
transmit at P. Therefore, the power on the virtual MISO link is N 
times the power used on the SISO link.

Å The result of increased transmission power - Range enhancement.

Å In fact, if the range with the SISO link is d, the new range of the 
virtual MISO link is:

Where, n is the path loss

exponent and D is the                                 

diversity gain.
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Relative Differences in the Power and Delay of 
Received Signals

Å The multiple transmissions are likely to be received at the destination 

node with different delays and average received powers. 

Å The authors study the impact of this on performance and determine that:

a. The relative delays between the signals are fairly small and,

b. The power difference is substantial only if the distance between the 

source and destination node is the same as the SISO range.

Å The above results suggest that as long as the transmitters are located 

within SISO range, the diversity gain is dependent only on the number of 

cooperating transmitters and not on the physical location of these 

transmitters .

Å Finally, in the simulations it is assumed that the  lack of synchronization 

due to delay isnõt a problem. If there are problems, the authors are certain 

that existing techniques like TR -STCõs, ST-OFDM or equalization will take 

care of those issues. 



Now moving on to other layers - The proposed 
Approach

Å The authors then discuss the cross layer approach for exploiting 

virtual MISO links in ad -hoc networks by decomposing their 

approach into the following  functional steps:

Å Discovering the primary path

Å Selecting Relay Nodes

Å Forwarding data packets.

Å Increasing Robustness

Å Improving the route dynamically



The Approach in a Nutshell



Now for the details - MAC using Virtual MISO 
Links

Å The MAC layer protocol is 

based on the principles of 

the 802.11 MAC protocol. 

Å It facilitates the selection of 

the relay nodes.

Å Best explained through an 

example which explains the 

initiation of the MISO 

transmission, pilot tones and 

utilization. 

Å Figure for the example is 

shown on the right. 



MAC Layer Timing Diagram



Effects of Virtual MISO Transmission on Other 
Nodes

Å The authors modify the 

traditional 802.11 MAC 

protocol to consider the 

manner in which nodes that 

are not participating in the 

transmissions on a virtual MISO 

react.

Å The figure on the right will be 

used to explain the effects of 

virtual MISO transmissions on 

nodes within the SISO 

transmission range and on the 

nodes between the SISO 

transmission range and the 

SISO interference range.



Now on Routing Across Virtual MISO Links

Å The primary route is identified using traditional Ad -hoc routing 

protocols (DSR/ AODV).

Å Then the next goal of the routing layer is òshortenó the primary 

path or to substitute short -hop SISO links with long -hop virtual 

MISO links.  In other words,  the relay nodes must be selected.

Å The key constraint is that all the created virtual MISO links should 

be bidirectional. 

Å Also, the mechanism for selecting the relay nodes must be both 

dynamic and distributed. 

Å To that end, when the source or relay node intends to perform the 

first packet transmission, it performs a virtual MISO anycast . 

Å After the initial construction of a virtual MISO path, subsequent 

transmissions use virtual MISO unicasts . 



Other Routing Concerns

Å Aggressive vs. conservative anycasting .

Å Increasing robustness to Link failures.

Å Improving the route dynamically, as shown in the figure below.


