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Abstract

• We propose a heuristic, distributed algorithm for resource allocation in a multiuser, wireless LTE OFDMA channel.

• The algorithm is based on the game theoretic concepts of Coalition Formation and the Nash Bargaining Solution.

• Users-nodes in the wireless channel cooperate in order to achieve the best possible results and harvest the benefits
of multiuser diversity.

• Our approach is novel in that it considers low-complexity as a key element.

• Its distributed nature and the efficiency enhancements applied to our approach guarantee a lightweight algorithm,
with minimal requirement for information exchange between nodes.

• We compare our proposal against the widely used Proportional Fair (PF) scheduler.

• Simulation results show that the sum throughput achieved for all the nodes is almost equivalent (i.e. 90%) to the
sum throughput of the PF scheduler.

• Fairness among nodes matches the fairness achieved by the PF scheduler

Problem Statement

• The main goal is to allocate subcarriers to nodes, in such a way that Multiuser Diversity benefits can be obtained:

• Most of the existing literature assumes the existence of a central controller that dictates the resource allocation
process. This simplifies protocol issues, but is not well suited to ad-hoc/mesh/distributed access systems. Also, the
various costs associated with a central approach are neglected:

 Feedback: wireless nodes have to transmit their channel information to the central controller

 Feedforward: the central controller has to communicate the allocation decisions to the wireless nodes

 The faster the channel fluctuates, the more often this information has to be transmitted, thus increasing the
overhead.

 We propose a game theoretic strategy to achieve distributed dynamic resource allocation, thereby enabling wireless
communication networks to exploit multiuser diversity more efficiently by reducing overhead and more flexibly by
obviating the constraints of centralised control.

System Model

• We focus on the downlink of the SCM LTE channel

• The simulated network consists of a single Base Station (BS) with mobile nodes scattered randomly around

• All 1024 subcarriers are utilized, but no subcarrier sharing is allowed.

• We assume the existence of a low-latency and reliable feedback channel for nodes to exchange the required
information

• Also, we assume that the throughput achieved is the theoretical throughput achievable for the current channel
conditions:

• This is the theoretical throughput for node s in subcarrier k. Hk,s is the channel gain of node s in subcarrier k, W is
the channel bandwidth and S is the total number of subcarriers.

The allocation algorithm

The main steps

 All nodes are partitioned into coalitions

 Each coalition is randomly allocated a number of subcarriers

 Nodes-members of each coalition bargain (using the Nash Bargaining Solution) with each other and exchange
subcarriers. The goal of the bargaining stage is to maximize the product1 of the throughputs of the nodes participating
in the process.

 Finally, the partition that provides the highest sum throughput for the whole system is selected.

1 The throughput of the nodes has been selected to be the utility function for the bargaining process.

Simulation Results

• Simulation is repeated for a large number of different channels (i.e. different user locations around the BS)

• Results shown below have been averaged over these different channels

• Each channel is simulated for 2000 realizations (i.e. uncorrelated instances of small scale fading)

• We compare against the PF scheduler (time window used for the PF allocation is 500-subcarriers long)

Fig. 6: Sum throughput (rate) and time comparison with PF scheduler

Fig. 2: The network outline

Conclusions

 Heuristic algorithm for distributed subcarrier allocation

 Very fast, low-complexity algorithm

 Has significantly lower complexity than the widely used Proportional Fair (PF) Scheduler

 The algorithm retains a large proportion of the sum throughput achieved by the PF scheduler

 Fairness almost identical to PF fairness

 Limited overheads required (compared to a centralized allocation scheme)

Future work:

 Detailed complexity and overheads analysis

 Improve speed even more

 Refine protocol issues
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Fig. 4: Histogram of FairnessFig. 3: Histogram of sum throughput (rate)

 As channel quality fluctuates, there is high
probability of at least one node with high 
channel quality for every subcarrier

 Smart scheduling exploits this and 
schedules the most appropriate node for each 
time-frequency bin. 

 As a result, system performance is 
maximized; fairness may suffer though

The resource allocation problem can be very computationally complex

• especially when coalition formation and bargaining tools are used to solve it

• in practice it can become infeasible to search for the optimal solution

 Therefore, we choose to make a number of modifications in our algorithm, to make it significantly faster:

 Group subcarriers into blocks

 Set coalition size equal to 2 (i.e. non-variable)

 Allocate equal number of subcarrier blocks to each node

 Set the minimum required throughput for each node equal to zero

 Repeat the allocation algorithm less often than every channel realization

 Reduce the number of subcarrier block permutations tested during bargaining

 The results of these modifications:

 Great increase in algorithm execution speed

 Overheads are significantly reduced

 PF-like fairness is guaranteed

 A small part of the sum throughput is lost

Fig. 1:  Channel quality for each node is fluctuating
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Efficiency Enhancements


