
1

Cross-layer Optimization for Scalable Video
Transmission in Next Generation Cellular Networks

Iffat Ahmed
IMT Institute for Advanced Studies, Lucca, Italy

E-mail: iffat.ahmed@imtlucca.it

Abstract—This paper tries to investigate that whether
PHY/Application cross-layer optimization really required for
video transmission over next generation wireless networks? Or
would a sequential allocation where optimization is independently
performed at the PHY and Application layers work similarly?
How does the cross-layer and non-cross-layer optimization per-
form also compared to the theoretical best allocation that one
could apply, if the channel states and the user quality require-
ments were all known in advance? Is there a way to adapt to
the channel variability? How do the unicast scenario extend to
the multicast case? Given that a compromise in allocation must
be found between the needs of all the users in the multicast
group, it may be that cross-layer optimization is insufficient.
Our numerical results show that XLO significantly outperforms
NXLO for both unicast and multicast video transmissions,
thereby pointing out the strong need for cross-layer solutions
in video transmission.

I. INTRODUCTION
Video explosion is impressively foreseen in the Cisco report

[1] which states that the video contents would be 6 million
years of duration in the each month of the year 2016, across
the global IP network. Thus, such an increase in usage of
multimedia applications has implied a big challenge to provide
adequate quality in spite of heterogeneous terminals and
optimally utilize the available resources.

Scalable Video Coding (SVC) which an extension of H.264
Advance Video Coding (AVC) has a bitstream which is divided
into layers, one Base Layer (BL) and multiple Enhancement
Layers (EL), [2]. Such enhancement layers provide incremen-
tal quality, which are dependent of BL. On the other hand,
due to the users’ diverse channel conditions, we can adaptively
apply channel rates with the help of Adaptive Modulation and
Coding (AMC) to achieve the higher data rates and select the
layer of the SVC source accordingly [3], [4].

Therefore, the main motivation is that, we need not only
a generic “cross-layer” optimization, but even more challeng-
ing specifically a PHY/Application cross-layer optimization,
which has to span through the entire protocol stack. This work
addresses the following questions: Is PHY/Application cross-
layer optimization really required for video transmission over
next generation wireless networks? How do various allocations
policies perform? How do the unicast scenario extend to the
multicast case? Given that a compromise, the allocation must
be found between the needs of all the users in the multicast
group, it may be that cross-layer optimization is insufficient.
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Fig. 1. PHY/Application Cross-layer allocation concept

II. ANALYSIS AND DESIGN

We formulate an analytical model based on a Markov
chain representing the wireless channel, where each state is
associated to a different channel quality corresponding to a
set of possible choices of video layer and modulation and
coding scheme. Each user i has BL requirement (θi), which
is a uniform random distribution, based on which base station
computes the optimum no. of transmit opportunies it needs to
transmit BL, so that the user can correctly decode the video.
The expected goodput can be defined E[ĝ] = αtBL(1− pi) +
βtEL(1 − pi), where, tBL, tEL are the TxOps for BL and
EL tranmission, respectively and pi is loss probability. Our
function is OpttBL

= argmax(E[ĝ]) subject to constraints,
nBL ≥ θi, where, nBL is the number of BL packets received.
The above formulated optimization problem can be solved
using Lagrange Multiplier,, details of optimization problem
are described in our work [5].

The basic cross layer model is illustrated in Fig. 1. The
BL packets can be transmitted with any MCS available, but
EL packets can only be transmitted with the MCS above a
certain threshold ω. For the sake of analytical tractability, we
make the following assumptions. We consider two different
modulation schemes with a QAM constellation; in particular,
we have Z = {QSPK, 16QAM}, that is, depending on the
channel quality. Similarly, we consider two video layers of
L = {BL,EL}. The goodput and delay of a user can be
defined as:

Gi|Skζ` = gkζ`(i) · P kζ` and Di|Skζ` = dkζ`(i) · P kζ` (1)

Given the state of the channel Skζ`, at time k, user is able to
receive packet from layer ` ∈ L with the rate ζ ∈ Z . Thus, we
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can define the overall system goodput and delay as follows:

G =
1

N

N∑
i=1

T∑
k=1

Gi|Skζ` and D =
1

N

N∑
i=1

T∑
k=1

Di|Skζ` (2)

where, N is the total number of users and T is the total number
of TxOps. For unicast scenario, it is straightforward that each
user has its own goodput and delay, however, for multicast
scenario, users need to cooperate regarding their heterogenious
BL needs and channel conditions, therefore, for multicast, an
aggregated channel condition are considered at each TxOp,
and average strategy is applied for BL requirements, i.e.,

BLavg = 1
N

N∑
i=1

OpttBL
(i) and so θ BLavg = BLavg · λ,

where, λ ∈ [0, 1] is a threshold parameter to compute the
amount of base layer which must be received by the receiver,
after λ, we can allocate video packets (either BL or EL)
according to three allocation policies defined in subsequent
section. The system also computes optimum number of EL
packets to be transmitted to all the users, therefore, the
computation of the optimum number of EL packets is:

OpttEL
=⇒

{
T −BLavg iff BLavg > T

2

BLavg Otherwise
, (3)

The allocation of BL packets can now be defined as

alloc BLki (θBLavg
) = Optki (ζ, `) ∀(ζ, `) ∈ Z × L (4)

alloc ELki (OpttEL
) = Optki (`, ζ) ⇐⇒ ζ > ω (5)

here Optki (`, ζ) is the same for both alloc BLki (θBLavg
) and

alloc ELki (OpttEL
), which is defined as (6)

Optki (`, ζ) =⇒

{
argmax[Gi | Skζ`]
argmin[Di | Skζ`]

(6)

A. Allocation Policies
We consider three allocation policies: (i) Offline (theoretical

upper bound); (ii) NXLO(sequential selection, as Non-cross
Layer); (iii) XLO (joint cross-layer optimization).

1) Offline Policy: It takes into consideration the slots which
have best channel condition amongst Z above a certain
threshold ω for EL and remaining slots for BL, upon the
condition that the required BL packets have been transmitted.
If the remaining slots are below a certain threshold ω, then
only BL packets can be transmitted with either high or low
MCS, while EL cannot. Furthermore, if the BL is completed
and the only available slots are below ω, then the EL packets
are dropped and no more transmissions are executed.

2) NXLO: In the non-cross-layer policy the base station
first picks the SVC layer packet to be sent, that is, BL or
EL packet based on θ BLi (for unicast) and θ BLavg (for
multicast), and then checks the PHY (MCS) of the user in the
current time slot.

3) XLO: In this policy the channel status is checked first
to get the best MCS, then the base station jointly selects the
BL/EL and MCS based on θ BLi or θ BLavg , for unicast or
multicast scenarios, respectively.
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Fig. 2. Unicast/Multicast comparison

We simulated these policies in multicast and unicast envi-
ronment, and results are averaged over large number of runs.
In the multicast scenario, the same number of BL packets must
be transmitted to every user. For this reason, the number of
BL packets cannot be optimal for all users, but is the result
of a deal among different needs. Figs.2(a)-(b) show the results
for both unicast and multicast results regarding aforementioned
three allocation policies. It can be noticed that the performance
of multicast is slightly lower because, all the users in a group
have to coordinate and might have to compromise for each
other. Another point is that when λ is 1, NXLO and XLO
converge and the policy differentiation does not matter for
both multicast and unicast results. Further, for goodput and
delay, XLO performs near optimal (offline) as in Figs.2

III. CONCLUSIONS

The proper joint-selection of BL and EL according to
the channel conditions of the user can significantly impact
its goodput. A cross layer (PHY/Application) solution with
respect to adaptive rates for SVC layers in the multicast
environment is studied. The resulting numerical performance
is evaluated via simulations in terms of goodput and delay
in unicast/multicast. We observed that joint selection of both
video layer and modulation scheme can improve the QoE
compared to the sequential selection. Additionally, the joint
selection (XLO) provides quasi-optimal/theoretical best (of-
fline policy) results. Evaluation and comparison of both unicast
and multicast environments is also investigated, in the latter, a
compromise among the heterogeneous user requirements must
be found, therefore the solution quality will be generally worse
than the unicast case, where individual quality requirements
can be better tracked.
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