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ABSTRACT: Resource allocation is one of the major considerations in efficient usage of a wireless network.
Emergence of new computing/ communication platforms have resulted in usage of such technologies for applications
such as mobile gaming, video conferencing etc; these trends in turn places greater demand on symmetrical quality.
Existing literature mainly focuses on resource allocation for uplink and downlink directions independently. In this
paper, a tutorial on resource allocation for OFDMA systems for both directions is presented under various resource
allocation scenarios.
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I.LINTRODUCTION
Wireless communication is enjoying its fastest growth in history, due to various technologies which support its
widespread deployment. Yet the demands for capacity, driven by cellular networks, internet and multimedia services
have been rapidly increasing worldwide [1]. While the demand for data rates and the performance of the signal
processors increase exponentially, the spectrum and bandwidth are limited. The system thereby faces many challenges to
satisfy the high expectations through the narrow pipeline of the wireless channels.

The Long Term Evolution (LTE) was introduced inorder to meet the high expectations of 50Mbps in uplink and 100
Mbps in downlink [2]. OFDMA has been selected as the multiple access schemes for downlink direction and SC-FDMA,
which is a variant of OFDMA, in the uplink direction in the 4G/LTE systems. It has been generally accepted that
efficient utilization of spectrum and resolution of issues such as multipath fading needs to be focus areas going forward.
Multicarrier modulation technique is a promising solution for the above mentioned issues and OFDM is one of its kinds.

In earlier days, it was very difficult to implement an OFDM system due to the difficulty in implementing large number
of modulators and filters. However, discovery that OFDM signals could be generated using IFFT and FFT blocks helped
in reducing equipment complexity required. The available bandwidth is divided into a number of sub bands with
orthogonal subcarriers. Due to orthogonality of the subcarriers, the ICI is eliminated and also guard bands are not
required, thereby ensuring efficient utilization of spectrum. Dividing a wide band into a narrow band, effectively
converts a frequency selective fading channel into a flat fading channel.

I1.OFDMA

The main drawback in OFDM is that only a single user can transmit data through all the sub channels. Inorder to
accommodate more users the channels should be multiple accessed. This refers to flat assignment of the resources to the
given users. Major setback in this method is that, each user behaves differently in the same given channel. OFDMA
comes into picture by allowing multiple users to transmit data simultaneously through the different subcarriers of a
single OFDM symbol. Again the subcarriers maybe assigned flat to the users. But this will result in extreme fading
losses in particular frequencies and a single user might lose all their data [3]. A more fair approach is necessary and such
requirements motivate logical scheduling designs for next-generation wireless communication sector.
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Fig 1. Block diagram of OFDMA

111.RESOURCE ALLOCATION IN OFDMA

OFDMA which is the multiple access technique of OFDM, when combined with dynamic resource allocation techniques
takes care of all these issues in a better manner. Allocating the available subcarriers to the users is a great challenge since
it determines the performance of the system.The resource allocation algorithms developed for uplink direction may not
be applicable for downlink direction due to reasons like power constraints in uplink. Existing literature mainly focuses
on optimizing the user’s performance on either uplink or in downlink separately. The emergence of various services like
mobile gaming, video conferencing etc demand for symmetrical quality in both directions. Such services require new
approaches to meet the QoS requirement of the users.

Techniques like mathematical optimization, auction theory, game theory etc. for resource allocation have been
investigated in literature and is seen that they exhibit poor performance when applied for joint conditions. Suppose a user
has good downlink conditions, it can receive data properly; but if the uplink condition is bad most of the resources get
allocated to the users with good channel conditions and therefore his data cannot be received by others. Dynamic
subcarrier allocation techniques improve the average throughput of an OFDMA system [4]. In most of the works of
resource allocation for joint conditions, a utility function is described and attempts to minimize the divergence in the
utility function is performed so that the throughput is maximized.

Hence, in this paper, we present a survey of resource allocation and scheduling techniques in OFDMA wireless networks
applicable for both uplink and downlink directions. The various network scenarios like: centralized and distributed,
instantaneous and ergodic, single cell and multicell, are also discussed.

IV.RESOURCE ALLOCATION SCENARIOS
The problem of resource allocation can be approached in two ways, namely, margin adaptive and rate adaptive [5].
When the aim is to maximize the data rate keeping into consideration the power constraints it is rate adaptive; and
when the aim is to reduce the minimum transmit power it is classified as margin adaptive.
A. Single cell scheduling
1) Centralized and Distributed Scheduling: In Centralized Scheduling approach the base station is responsible for
allocating resources, both in uplink and downlink directions. Decision made by the base station is then communicated
to the mobile users. Margin adaptive and rate adaptive approaches under this scenario have been widely investigated in
literature. For margin adaptive approach, the classical Shannon capacity theorem is used to model the rate, while in rate
adaptive approach, bit loading is performed to minimize the transmit power. Most of the work have been done with the
assumption that channel state information (CSI) is known.

In distributed schemes, mobile users have more autonomy in making decisions. Distributed scheduling is mainly
focused on relay based and sensor networks [6]. It is seen to increase coverage and capacity of a network in a cost
effective manner. The central base station is connected to a number of remote relay heads (RRH). Using this kind of
scheduling technique, the maximum ratio combining (MRC) in uplink will increase the capacity but on contrary the
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performance is degraded due to the presence of intercell interference [9]. To overcome this problem the RRH with best
channel condition is only selected.

A novel distributed resource allocation algorithm suitable for both uplink and downlink directions is proposed in [10].
The problem is modelled as a two sided stable matching game. The subcarriers are allocated in order to maximize a
utility function which captures the Quality of Service requirements of joint uplink and downlink directions. CSI is
assumed to be known only to the transmitter. A constraint on the difference between the rates in uplink and downlink
directions is set. Deferred acceptance algorithm is performed to achieve a matching and then the evaluation of the
utility function is performed. This is repeated until a stable matching outcome is achieved.

The resource allocation problem is formulated as a social gaming paradigm named as SIRA [11]. The users are
considered as players interacting with the base station which takes the role of the referee. It also introduces a penalty
based feedback mechanism.

Penalty driven
performing
stage

Forming and
storming stage

Fig 2. Workflow in SIRA

The workflow basically takes place in a number of stages namely: forming and storming stage, norming stage and the
penalty driven performing stage.

2)Ergodic and Instantaneous Scheduling: In instantaneous kind of scheduling certain utility function is maximized at
each scheduling instant, while in ergodic scheduling a long term performance is evaluated. The water filling algorithm
proves to have better throughput for instantaneous scenario while it fails in ergodic scenario [12].

Thisisicghe paat (0 bap

Fig 3. Rate comparison between proportional fairness and probabilistic scheduling [13]

A probabilistic approach for resource allocation in uplink and downlink directions is considered in [13], where long
term average of SNR values at the base station is required. A lagrangian function is formulated and dual optimization
technique is used to find the optimal distribution. Two targets are formulated: the first one is the users with high rates
but least probable to be higher for transmission and the second one is to favor users with highly coupled queue lengths.
The throughput achieved is comparable with that of the instantaneous scheduling. Results show that instantaneous and
probabilistic fairness based resource allocation gives similar performance.
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The Fig 3. shows that the probabilistic scheduler achieves similar performance in terms of rate with proportional
fairness algorithm. The probabilistic scheduling algorithm yields a good tradeoff between rate and delay.

In [14], a rate adaptive approach is considered. A regularization term is added to account for the coupling of uplink and
downlink. The difference in rate/user should be maintained and this is verified by the regularization term. Fig 4 shows
that the regularization of the resource allocation process bridges the gap between the uplink and the downlink rates for
each user in the system. The rate difference between the two users is due to the channel conditions and the dynamic
variations of the queue states.

Fig 4. Achieved uplink and downlink rates for the two user system using joint uplink/downlink resource allocation[14]

B. Multi Cell Scheduling

While considering a single cell scenario, the intercell interference need not be considered. At the same time while
considering the multicell scheduling, intercell interference is a major issue [15]. Therefore along with scheduling,
emphasis on mitigation of intercell interference is also considered in most works.

In [16], a multicell scenario with distributed protocol design is considered. A continuous rate and power adaption
model is formulated. It combines a cross decomposition technique with a strategic non cooperative game formulation
of power and subcarrier allocation problem. The interference plus noise levels of various base stations are calculated
and greedy algorithm is used to allocate power and subcarriers to users within the cell to maximize throughput.

The uplink and downlink traffic is considered on a frame by frame basis (instantaneous) [17]. The uplink and downlink
time share is performed using online updated estimates of the average data rates in both directions. The instantaneous
rates is initially calculated and then used to update the average rates using the exponential averaging filter. The decision
to change the switching point can be done over a longer time period. Fast implementation was derived using sequential
quadratic programming since it reduces computational complexity compared to subgradient method. Different
interference scenarios are considered: BS to BS, BS to UE, UE to BS, UE to UE. Traffic considered is a mix of elastic
and non elastic flows.

V. CONCLUSION
A survey on joint uplink/downlink resource allocation for OFDMA system has been presented. The major topics
discussed are centralized and distributed scheduling, ergodic and instantaneous scheduling within single cell. Efficient
interference mitigation techniques are required in multicell scheduling to mitigate the effect on intercell interference.
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