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Summary

Time scale : Short term
Wireless : The interesting case

Layerless (rather than cross-layeryFuse” rather tharnlink” the
layers

1. THE SCHEDULING PROBLEM
2. NETWORK CODING : A crucial layerless tool
3. COOPERATION : A fundamental issue

4. NON-STATIONARITY/NON-ERGODICITY : The real
wireless medium




1. Scheduling

The quintessential aspect of wireless network control

“Who” transmits‘what” to “whom” In each time slot?
“Who” : Traditional, pure MAC scheduling

“What” . Physical layer (power, rate, “coding” -including NC)
“To whom” : Routing

Criterion of success
Communication range, collisions, etc. (traditional, @ass

SINR (current)
General MUD (future)
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Scheduling - Cont'd

Thresholdg: " fncn of rateR, # fncn of BER target (Qo0S)
G : Random (fading)

Hence success is probabilistic Packet erasure model

1. Is thispossibl&
2. Is this“optimal”?




Scheduling - Cont'd

Connection to LRD question
Scheduling creaté®ursts” (at packet level)

Variable rate creates non-homogeneous traf c (at bit [evel
Q1 : Isthe observed (resulting) traf c LRD?
Q2 : Does it matter whether it is or not?

OPTIMAL SCHEDULING :
Variety of criteria
— Throughput region
— Sum throughput
— Utility maximization (fairness)

Variety of control variables

— Retransmission protocol
— Rate

— Power

— Coding




Scheduling - Cont'd

In all cases : Complex optimization withscretecomponent

What we have done :

1. Restricted search space (rather than focus on heuyistics

2. Compared the cases of
“one-at-a-time”
“all-at-once”

with respect to power and rate control for general fairnessra
under unicasting and multicasting scenaria

What to do :
1. Effect ontraf c prole
2. Robustness with respect to traf c pro le
3. Incorporation ofZSI (Channel State Information)



2. Network Coding

The quintessential layerless tool (packets consist of bits
Two basic forms :Inter-sessio& Intra-session

Relation to LRD : Aggressive mixing of bit streams
Q1 : Isthe resulting traf c LRD?
Q2 . Does it matter if it is?

Pivotal concept in coupling fundamental limitations (infation
theory) to networking

Not limited to wireless
Inherently coupled to scheduling



Network Coding -Cont'd

What we have done :

n that (network) coding

1. as well asacrosssessions

rforms ARQ
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Network Coding -Cont'd

What to do :

1. Use recent Bar-Lelv's work that analyzes queues with
successive service interdependence

2. Apply NC to cooperation (see next)
3. Examine effect (and its importance) on traf c

(plus a very long open agenda on repercussions and forms
Network Coding -Jury is still out)



3. Cooperation

Another quintessential element of wireless network cdntro

Capitalizes orfwireless multicast advantagelhd value of
“partially” successful reception

Incremental redundancy
Alamouti coding

MIMO technology
Cognitive radio

Inherently coupled to scheduling

e.g. N
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Cooperation - Cont'd

What we have done :

1. We have introduced the idea of cooperation‘veday” at the
MAC level

2. Initially, by utilizing “white spaces’{(idle slots)
3. S should helps; becausdothbene t in terms of throughput

Comparison of Stable Throughput Region With and Without Cooperation

0.8
\E,X )




Cooperation - Cont'd

What to do :
1. Use CSI to modify cooperation rules
2. Use NC as a form of cooperation (primarily in multicasjing
3. Effectontrafc
4. Inherently part of scheduling



4. Non-stationary/Non-ergodic

True wireless environment
At all time scales

Mobility, fading, nite energy, node failure

Need measures 0Ultimate Capabillities”
“Capacity”, “Throughput’, “Stability” donotapply
Traf c pro le almost irrelevant
Call for Dynamic Programming, Markov Decision Theory

Finite formulations



Non-stationary/Non-ergodic - Cont'd
What we have done :

Multicast L packets toM re-
celvers with strict delay and en-
ergy constraints

Channel quality varies arbitrar-
Ily from slot-to-slot

Different control variables
(power, rate, NC vs ARQ)

2. Considered an initially loaded network in termshgf(0) :
number of packets at noddor destinationj at time O

Empty the network in minimum time (no new arrivals,
arbitrary time variations)

Incomplete solution -scheduling remains dominant



Conclusion

1. Ourview
“Scheduling”is central for wireless network control

2. Our work

Parallel tracks on
— Basic scheduling

— Network coding
— Cooperation
— “Ultimate limits” for non-stationary/non-ergodic

3. Our results
Progress on all fronts

4. Our plans
Ambitious and energetic



