
 

 
Abstract—In this paper, we develop a batching algorithm to 

provide Video on Demand (VoD) streaming service over wireless 
networks considering heterogeneous characteristics of VoD 
service. The proposed batching service considers both reneging 
behavior and adaptive modulation and coding (AMC). Two 
reneging behavior models are considered: the exponential and the 
convex models. A nonlinear programming problem is suggested 
for each reneging model to minimize the service latency with the 
reneging probability and the network capacity constraints. The 
performance of the reneging and AMC based network capacity of 
the proposed batching algorithm is experimented and compared 
to the unicast procedures. Simulations are performed to illustrate 
the excellence of the proposed batching algorithm. The AMC 
based network capacity and exponential reneging improve the 
latency by 66-77% and 35-46% respectively for high service 
arrival rates. 
 

Index Terms—VoD streaming service, batching window size, 
reneging, AMC, nonlinear programmin  
 

I. INTRODUCTION 

IDEO-ON-DEMAND (VOD) streaming service over 
wireless networks are exponentially increasing with 

innovative advances in smart mobile devices. To provide the 
VoD streaming service, high quality of service (QoS) 
requirements should be met such as high bandwidth 
requirement, low service latency, low service blocking rate, etc. 
Moreover, users want to access to any content, anytime, 
anywhere, on any device. The traditional unicast transmission 
has advantages such as simplicity, no service latency (i.e., 
start-up delay), and easy implementation of user 
heterogeneities such as buffer capacity and channel conditions. 
However, unicast is not scalable. The bandwidth consumption 
increases linearly as the user requests increase. In this light, 
several multicast/broadcast-based transmission schemes [1, 2, 3] 
are being studied to handle the growth of mobile video traffic. 
They are scalable and efficient in terms of bandwidth 
requirement. Nevertheless, the service generally generates 
severe latency and cannot readily consider user heterogeneities. 
Batching, patching, and periodic broadcasting schemes are in 
the categories of the multicast/broadcast-based transmission. 
Among them, batching can guarantee the service latency within 
certain bounds for both popular and unpopular contents. 

Batching schemes [4, 5] tie multiple requests for the same 
VoD content for a certain period and serve them within a single 
multicast stream. The period is called a batching window. 

Deciding the batching window size is an important issue in 

works related to the batch service. If the batching window size 
increases, then the service latency increases, but at the same 
time, the bandwidth requirement decreases. We therefore need 
to carefully consider the trade-off between service latency and 
bandwidth requirement. In addition, heterogeneous bandwidth 
requirement of VoDs and AMC should be considered to reflect 
the reality and to make the transmission more efficient in 
wireless networks. By utilizing AMC, we can reduce the 
required bandwidth of the batching by setting a proper 
modulation and coding scheme (MCS) level for each batch 
service. 

In this paper, we are interested in a batching procedure with 
reneging (withdrawing the request) and AMC that minimizes 
the expected service latency. The proposed batching considers 
heterogeneous characteristics of the VoD service such as the 
popularities, video lengths, and the throughput requirements. 
User reneging probability which is closely related to the 
batching window size is investigated such that the withdrawing 
probability of the requested service is kept below a reasonable 
threshold. The network capacity for the batching VoDs is also 
considered with the bandwidth of each VoD determined by the 
spectral efficiency of MCS levels requested by users in the 
batch  

The major contribution of this paper is as follows. 
1) For the tradeoff between the latency and network capacity 
the latency-bandwidth tradeoff ratio (LBTR) is suggested. The 
ratio is dependent on the batching window size which is an 
important decision variable. 
2) Exponential and convex reneging probability models are 
investigated to have the latency minimization problem which 
satisfies the reneging probability and the network capacity 
constraints. It is formulated as a nonlinear programming 
problem where the expected service latency and the reneging 
probability are function of the popularity based request arrival 
rate and batch window size. The network capacity is evaluated 
based on the average bandwidth requirement analysis 
considering the spectral efficiency and the number of request 
arrivals. 
3) An efficient batching algorithm is developed to solve the 
nonlinear programming problem in 2). The algorithm 
iteratively increases the bandwidth and selects a VoD with the 
smallest LBTR in 1) until the network capacity is satisfied. 

The rest of the paper is organized as follows. Section II 
discusses related works. Section III explains the system model 
with batch service, VoD service characteristics and AMC. A 
batching algorithm with various reneging models is developed 
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in Section IV. Computational results are provided in Section V 
with conclusion in Section VI.  

II. RELATED WORK 

Multicast/broadcast-based transmission to enhance 
bandwidth efficiency have been studied by many researchers to 
handle the explosively increasing VoD demand. Several 
previous works and issues related to multicast/broadcast are 
reviewed in [1]. 

Periodic broadcasting [6-11] periodically broadcasts a whole 
content or segmented parts through broadcast channels. 
Staggered broadcasting [6], pyramid broadcasting [7], 
skyscraper broadcasting [8], fast broadcasting [9], harmonic 
broadcasting [10], etc. are periodic broadcasting schemes. 
Although broadcasting schemes are very efficient with highly 
popular contents, these schemes have several shortcomings. 
Many broadcasting schemes require large buffer capacity [11]. 
For example, pyramid broadcasting, fast broadcasting, and 
harmonic broadcasting require 75%, 50%, and 25% of the 
video content, respectively. Moreover, these schemes cannot 
adequately consider user heterogeneities (e.g., buffer capacity 
and channel conditions) as each broadcasting channel must 
serve all the MSs in a cell. As a result, only the lowest MCS 
level can be applied to the broadcasting channels and user 
devices with low buffer capacity cannot be served successfully. 
In addition, they are not suitable for unpopular contents, and 
users are likely to experience service latencies. 

For patching schemes [12, 13, 14], the first request is served 
by a multicast stream, and subsequent requests are served by 
both a unicast patch stream and an on-going multicast stream 
simultaneously for a time period. When to initiate a multicast 
stream is an important factor (patching window) that affects the 
bandwidth efficiency of the schemes. The optimal patching 
window that minimizes the server bandwidth requirement 
considering the request arrival rate and video length under the 
buffer constraint was proposed in [14]. However, the patching 
schemes always require some portions of the content to be 
stored in the buffer and they do not perform well with very 
popular contents. The reason for this is that unicast patch 
streams have to be generated for each user request, which may 
consume a lot of bandwidth. 

Batching schemes [4, 15-21] group and serve multiple 
requests for the same video content together using a single 
multicast channel. There are two main categories related to 
batching. The first is how to batch the requests in the queue. 
First Come First Serve (FCFS), Maximum Queue Length 

(MQL) [16], Maximum Factored Queue Length (MFQL) [17], 
Look-Ahead-Maximize-Batch [4], Minimum Cost First (MCF) 
[18], etc. belong to the first category. The second is how to 
batch the arriving requests [5, 19-24]. Setting the batching 
window size considering various factors such as network 
capacity, characteristics of VoD service, reneging behavior, etc. 
is a critical issue in this category and we focus on this subject.  

Most of the related works thus far has focused on 
maximizing the video quality by assuming all VoD service has 
the same throughput requirement. However, since various 
video codes are deployed in the real world and resolutions and 
frame rates may vary for each VoD content, it is necessary to 
consider the different throughput requirement of different VoD 
content. Furthermore, as we are dealing with the batching 
service in wireless networks, it is important to take service 
latency into consideration.  

III. SYSTEM MODELS 

In this section, we discuss the frameworks of the paper, VoD 
streaming service characteristics, and AMC. 

A. Frameworks 

We consider a wireless cellular network model where a base 
station streams VoD contents to users within limited network 
capacity using the batching scheme. A batch-by-timeout model 
is assumed as shown in Fig. 1. The advantages of the 
batch-by-timeout model are two-fold. First, at least one user is 
served for each batch stream. Second, this model can limit the 
service latency to a certain threshold by limiting the batching 
window size. A user request initiates a batching window and 
the successive users that arrive within the batching window are 
served together with a single batch stream. The base station 
then waits for a new request to arrive, which is expressed as a 
time gap in the figure. The new user initiates a new batching 
window and follows the same pattern as mentioned above.  

B. VoD streaming service characteristics 

In order to provide VoD streaming service, several 
QoS-related factors should carefully be considered. In 
particular, high throughput requirement of VoD contents 
should be guaranteed. Moreover, the service latency and the 
reneging probability should be minimized. Service latency is 
the delay between the request arrival time and the service start 
time. The exact reneging behavior model is unknown. Previous 
works thus assumed several different models. Among them, we 
utilize two models, the exponential and the convex models [10]. 

The exponential model assumes that the reneging probability 
follows an exponential distribution with a mean reneging time, 
μ. More specifically, let t be the service latency of a user. The 
reneging probability of the user is then given as follows: 
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The implications of the convex model are two-fold. One is 

that the reneging increases as the service latency increases and 
the other is that very few users tend to wait beyond the certain 

Fig. 1.  Batch-by-timeout Model 



time. These are decided by two parameters, the scaling 
parameter, n, and the maximum waiting time, L. The reneging 
probability of the user is given as follows: 
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Heterogeneous characteristics of VoD service should also be 

considered. The popularity of VoD contents varies and the 
distribution follows a Zipf-like distribution. A skew factor, α = 
0.271, of a Zipf-like distribution is generally known to be quite 
accurate [9]. The probability of requesting content i, pi, is given 
as follows: 
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Suppose VoD requests arrive in accordance with a Poisson 

process and let Tot be the total arrival rate of all service request 

and i be the arrival rate of content i. Then i is given as 

follows:  
 

i i Totp                     (4) 

 
The throughput requirement of different VoD content also 

differs from each other due to the different video codes applied 
to the VoD. The throughput requirements may vary from a few 
Kbps to a few Mbps. Considering heterogeneous throughput 
requirement is thus imperative.  

C. AMC 

AMC utilizes different MCS levels adaptively to increase the 
bandwidth efficiency. MCS for each downlink burst can be 
varied according to the SNR value of the base station 
(BS)-mobile station (MS) link, which is mainly affected by the 
distance between the two stations. This helps to overcome the 
limited capacity of wireless channels 

Table I is the CQI table for a LTE system [25]. Let αm be the 
mth MCS spectral efficiency (bps/Hz) (e.g., α13 = 1.9141). The 
amount of data that can be transmitted over the same bandwidth 
differs greatly according to the spectral efficiency. The higher 
the spectral efficiency, the more data can be transferred on the 
same bandwidth. To be served with higher MCS levels, the 
channel condition between the BS and MS should be above a 
certain threshold. If m is the highest MCS level that a request 
can be served, then the request can also be supported with lower 
MCS levels, but cannot be supported with higher MCS levels. 
Let pm be the probability that m is the highest MCS level that a 
request can be served. We define the MCS distribution, 
pMCS={p1,…,pM}, as the set of pm from the lowest MCS level to 
the highest MCS level utilized in the system. For example, let’s 
consider pMCS={0.3, 0.3, 0.2, 0.1, 0.1}. Here, 5 out of 15 
possible MCS levels in the Table I are assumed. This request 
distribution shows that the probability of the highest MCS level 
that the request can be served with the 1st, 2nd, 3rd, 4th, and 5th 
MCS levels are 0.3, 0.3, 0.2, 0.1, and 0.1, respectively. This 
MCS distribution together with the number of request arrivals 
of a batch are utilized to estimate the average bandwidth 
requirement of the corresponding VoD service. 

IV. BATCHING WITH RENEGING AND AMC 

Table II shows the notations and their descriptions used in 
this section. λi, Ti, bi, B, and C are the input variables and the 
batching window size wi is the decision variable of the 
proposed nonlinear programming models.  

 
Definition 1: The latency-bandwidth trade-off ratio (LBTR) 

of VoD content i, βi(w), is given as follows: 
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fi(w) and gi(w) are the expected service latency and the 

average bandwidth requirement at the batching window size, w, 
of the VoD content i, respectively. It measures the ratio of the 
service latency increment to the bandwidth decrement when the 
batching window size is increased by ∆w. The smaller the 
LBTR is, the more efficient the batching window size 
increment of VoD service becomes. It is thus preferable to 
increase the batching window size of a VoD with smaller 
LBTR.  

Now, to consider AMC, we first analyze the effect of AMC 
on the average bandwidth requirement. We then utilize the 
analysis to transform the network capacity constraint into an 
easily solvable form. Two reneging models with different 
reneging probabilities are considered, the exponential and 
convex models.  

A. Batching with general reneging model 

In general model, we applied the reneging probability 
function, fr(t) instead of utilizing a specific reneging behavior. 

TABLE I 
4-BIT CQI TABLE [25] 

CQI index modulation 
code rate x 

1024 
efficiency 

0 out of range 

1 QPSK 78 0.1523 
2 QPSK 120 0.2344 
3 QPSK 193 0.3770 
4 QPSK 308 0.6016 
5 QPSK 449 0.8770 
6 QPSK 602 1.1758 
7 16QAM 378 1.4766 
8 16QAM 490 1.9141 
9 16QAM 616 2.4063 
10 64QAM 466 2.7305 
11 64QAM 567 3.3223 
12 64QAM 666 3.9023 
13 64QAM 772 4.5234 
14 64QAM 873 5.1152
15 64QAM 948 5.5547 



The objective of (6) is to minimize the expected service latency. 
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The constraint in (7) is the network capacity constraint.  
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transformed into the following inequality. 
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The constraint in (9) forces the reneging probability of each 
VoD to Pth, which is defined a priori. 
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The constraint in (10) is the non-negativity constraint. 

 
0,iw i                     (10) 

 
The latency minimization problem hence becomes 
 

1:

Objective (6)

Subject to (8), (9), (10)

NLP

 

 
Let’s look at the capacity constraint (8). We are going to 
transform it into an easily solvable form. 

 
Lemma 1: When the user MCS distribution is 

1{ , , }MCS Mp p p   and the number of users to serve in a batch 

is k, then the probability pk,m that m is the highest MCS level to 
serve all k users in the batch is given as follows: 
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Proposition 1: The following equality holds for k ≥2. 
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In (8), it is hard to obtain the exact value of 1 ,i iw mp  , since 

1+λiwi is a decimal number. We should therefore round the 
value up or down to make it an integer to apply Proposition 1. 

 
Proposition 2: If α1< …< αM, then 
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Proposition 2 implies that the more users are served in a batch, 
the more bandwidth is required. The reason for this is that as the 
number of users increases, the probability of using lower MCS 
levels increases. 

We round up 1+λiwi and use the value to approximately 
calculate the average bandwidth requirement of VoD service. 

Since 1 1 1i i i i i iw w w             , by rounding up 1+λiwi, 

the average bandwidth requirements will always be equal to or 
greater than 1+λiwi according to Proposition 2. Therefore, the 
network capacity constraint will not be violated when we round 
up the value to make it an integer and use that approximation in 
the capacity constraint. 

Hence, the network capacity constraint (8) can be rewritten 
as follows: 
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Hence, NLP1 can be transformed into the following NLP2. 
 

TABLE II 
PARAMETER DESCRIPTION 

Notation DESCRIPTION 

λi Request arrival rate of VoD content i 
Ti Video length of VoD i 

iD Average latency for VoD i 

wi Batching window size of VoD i 

iS Expected number of batches for VoD i 
bi Throughput requirement of VoD i (bps) 
αs sth MCS spectral efficiency (bps/Hz) 
B Network capacity allocated for the batch service (Hz)
C Number of total VoDs 
λTot Total request arrival rate 

 



2 :

Objective (6)

Subject to (9), (10), (14)

NLP

  

 

B. Batching with the exponential reneging model 

Let’s assume that the reneging probability follows an 
exponential distribution with μ. The reneging probability 
function, fr(t), then becomes (1). Let’s substitute fr(t) in (6) and 
(9) to (1). The objective function of (6) is then transformed into 
(15). 

 

 2 2

1
( 1)

i

i

i

i

w

C
i i i i i i i ii

w
i Tot

i i i i

e w w
Min

e





     


   





  

 
       (15) 

 
And the reneging probability constraint of (9) is transformed 
into (16). 
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Proposition 3: The reneging probability constraint (9) can be 

transformed into the following constraint (W is Lambert W 
function [26]): 
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Hence, NLP2 is transformed into NLP2-1 when we consider 

the exponential reneging model. 
 

2 1:

Objective (15)

Subject to (10), (14), (17)

NLP 
  

 

C. Batching with the convex reneging model 

Let’s assume that reneging probability follows the convex 
model suggested in [10]. The reneging probability function, 
fr(t), then becomes (2). Let’s substitute fr(t) in (6) and (9) to (2). 

The objective function of (6) is then transformed into (18). 
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And the reneging probability constraint of (9) is transformed 
into (19). 
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Hence, NLP-2 can be transformed into NLP2-2 when we 

consider the convex model. 
 

2 2 :

Objective (18)

Subject to (10), (14), (19)

NLP 

  
 

D. Batching algorithm with reneging and AMC 

If the network capacity constraint is not violated for all 
request, the batching algorithm may work the same as the 
unicast by setting wi = 0 which minimizes the service latency. 
However, when the capacity constraint is violated, we handle it 
by iteratively increasing the batching window size of VoDs step 
by step until the capacity constraint is satisfied. At each 
iteration, we select a VoD with the smallest LBTR in (5) and 
check whether the network capacity constraint is satisfied. The 
algorithm iterates until the capacity constraint becomes feasible. 
This is motivated by the greedy algorithm of non-linear 
knapsack problem [27]. 

fi(wi) in (5) is determined by (20) for the exponential 
reneging model and (21) for the convex model.  
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TABLE III  
PSEUDO-CODE OF ALGORITHM 2 

ALGORITHM 2. BATCHING WITH RENEGING AND AMC 

Input: λi, bi, Ti, B, C,V, pth, Δw, Δp 
Output: wi 
1: for ∀i∈V do 
2:   wi ← 0 
3: wi,max ← hi(pth)
4: end for 

5: while 
1 ,
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   do 

6: Select i∈V with the lowest βi(wi) 

7: if wi + Δw > wi,max do 

8:   remove i from V 
9:  else
10: wi ← wi + Δw 
11: calculate βi(wi) 
12:  end if
13:   if V is empty do 
14:     pth ← pth + Δp 
15:  for ∀i∈V do 
16:       wi,max ← hi(pth) 
17:       add i to V 
18:    end for
19:  end if
20: end while
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gi(wi) is determined by (22). 
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A smaller LBTR implies that the bandwidth requirement 

decreases more and/or the service latency increases less than 
other VoDs when the batching window of the service has been 
increased. Since the request arrival rate, video length, and 
throughput requirement of each VoD and the total arrival rate 
are given, the LBTR of a VoD changes only when the batching 
window size changes. Hence, we need to update the LBTR of 
the selected VoD service with the increased batching window 
size at each iteration.  

The batching window size should be kept below a certain 
limit due to the reneging probability constraint. As the batching 
window size increases, the users have to wait longer and the 
reneging probability increases. The limit is determined by the 
reneging probability threshold, the reneging model and its 
related parameters. Let wi,max be the maximum batching 
window size of VoD i and h(pth) be the function that maps the 
reneging probability threshold, pth, to the maximum batching 
window size of content i. Then h(pth) can be determined by (17) 
in Proposition 3 for the exponential reneging model and (19) 
for the convex model. 

The network capacity constraint and the reneging probability 
constraint may conflict with each other. As a result, the 
problem may have infeasible solution. In this case, we solve the 
problem by increasing the reneging probability threshold by 
steps, Δp, until the problem becomes feasible. Since the 
capacity constraint is critical, we release the reneging 
probability constraint to make the problem feasible. 

The pseudo-code of the proposed batching algorithm is 
provided in Table III. The algorithm can cope with any other 
reneging behavior models without difficulty. We only need to 
utilize the corresponding function of the reneging in the same 
manner as the exponential and the convex models.  

V. COMPUTATIONAL RESULTS 

In this section, we present computational results of the 
proposed Batching algorithm. We test and analyze the proposed 
algorithms under various different environments using multiple 
performance metrics such as % of accepted user requests, 
service latency, and batching window size. Each result is the 
average of 20 simulations. Otherwise mentioned, the 
simulation parameters follow the settings in Table IV. When 
AMC is not considered, the spectral efficiency is fixed to 
0.6016 [22].  

 ‘Batch_Exp’ and ‘Batch_Con’ are batching algorithm with 
the exponential and the convex model, respectively. To verify 
the performance of the proposed algorithm, we compared it to 
three unicast schemes, ‘Unicast’, ‘Uni_Exp’, and ‘Uni_con’. 
All of them consider AMC. For the ‘Unicast’, if there is not 
enough available network capacity for service request, the user 
is dropped. For ‘Uni_Exp’ and ‘Uni_con’, the user requests are 
put in the queue instead of dropping them when the capacity is 
full. The users leave when they wait too long in the queue 
without being served. The reneging times follow the 
exponential and convex model for ‘Uni_Exp’ and ‘Uni_Con’, 
respectively.  

Figs. 2(a) and 2(b) respectively show the % of accepted user 
requests and expected service latency of the proposed batch 
algorithm and the unicast with two different reneging behavior 
models. From Fig. 2(a), we see that the % of accepted user 
requests of the proposed ‘Batch_Exp’ and ‘Batch_Con’ is 
higher than the ‘Uni_Exp’ and ‘Uni_Con’. Note that the unicast 
schemes allocate bandwidth to each user, whereas the proposed 
batch algorithms allocate bandwidth to a group of users. The 

 
Fig. 2.  User acceptance and service latency 

TABLE IV  
SIMULATION PARAMETERS 

PARAMETER VALUE 
Simulation time 100000 sec. 
Network capacity 10 MHz 
Number of VoD contents 10 
Total request arrival rate 0.02 /sec. 
Throughput requirement of a VoD 64 – 512 Kbps 
Video length of a VoD 1800 – 3600 sec. 
Skew factor 0.271 
pMCS {0.3, 0.3, 0.2, 0.1, 0.1} 

αMCS 
{0.6016, 1.4766, 2.4063, 3.3223, 
5.5547} 

μ 300 sec. 
L 450 sec. 
n 2 



batch algorithms can thereby serve more users with the same 
capacity constraint. The ‘Batch_Exp’ shows 5.5% and 11.4% 
higher accepted user requests than ‘Uni_Exp’ and ‘Unicast’, 
respectively. The ‘Batch_Con’ shows 6.2% and 15.9% higher 
accepted user requests than ‘Uni_Con’ and ‘Unicast’, 
respectively. Clearly, the expected service latency of batch 
procedures is higher than the unicast schemes, as in Fig. 2(b). 
This is due to the gap between the request arrival time and the 
service start time determined by the batching window size. 
However, at low arrival rates, the expected service latencies of 
‘Batch_Exp’ and ‘Batch_Con’ are zero. The reason is that the 
proposed batch procedure sets the batching window to zero and 
work in the same manner as the unicast scheme. The reneging 
probability of the exponential model is higher than the convex 
model initially. The exponential model makes more users 
withdraw the request than the convex model, since the batching 
window size is small relative to the average reneging time. 
Hence, the exponential model generally shows a lower % of 
accepted user requests and less service latency than the convex 
model. 

In Fig. 3, we examine the effects of the reneging behavior 
and AMC. ‘Batch_woRenenging’ is the proposed algorithm 
without considering the reneging behavior. ‘Batch_woAMC’ is 
the proposed algorithm with the exponential reneging model 
without considering AMC. ‘Batch’ is the algorithm without 
reneging and AMC. By comparing Batch_Exp and 
Batch_woAMC, it is clear that AMC based network capacity 
greatly improves the % of accepted user requests and also the 
expected service latency. Since AMC greatly increases the 
bandwidth efficiency, the batching window sizes of the VoD 
service can be decreased within the same capacity. The users 

consequently wait for less time and eventually tend to renege 
less. Fig. 3 (b) shows that the AMC based network capacity 
improves the latency by 66-77% for high arrival rates. Since the 
reneging behavior is considered in Batch_woAMC, the 
expected service latency does not increase above a certain level 
(i.e., users tend to renege rather than wait too long). By 
comparing Batch_Exp and Batch_woReneging, we see that the 
expected service latency with reneging is improved by 35-46% 
for high arrival rates.  

Fig. 4 shows the effect of the reneging time of the 
exponential reneging model on both % of accepted users and 
expected service latency. Simulation is performed with 
Batch_Exp at five different average reneging times, 60, 120, 
180, 240, and 300 seconds. The primary axis represents the % 
of accepted user requests with diamond dots in the graph and 
the secondary axis represents the expected service latency with 
square dots in the graph. As the average reneging time increases, 
the users are willing to wait for increasingly more time before 
reneging. Hence, in Fig. 4, the % of accepted user requests and 
the expected service latency increase as the average reneging 
time increases. 

VI. CONCLUSION 

In this paper, we propose batching procedures for VoD 
streaming service to minimize the expected service latency 
over wireless networks. Two reneging behavior models, the 
exponential and convex models are considered with adaptive 
modulation and coding (AMC). For each reneging model a 
nonlinear programming formulation is presented with the 
reneging probability constraint to limit the percentage of users 
withdrawing the VoD service. AMC is utilized to increase the 
bandwidth efficiency of the wireless network. We analyze the 
average bandwidth requirement for VoD service by reflecting 
the spectral efficiency and the number of request arrivals. The 
network capacity constraint is provided based on the above 
average bandwidth requirement analysis. The proposed 
batching algorithm iteratively increases the batching window 
size of the VoD service step by step starting from zero until the 
capacity constraint is satisfied. The selection of a VoD at each 
iteration is based on the proposed latency-bandwidth tradeoff 
ratio (LBTR). The LBTR is obtained by dividing the service 
latency increment by the bandwidth requirement decrement 
when the batching window size is increased by a pre-defined 

 Fig. 4.  The effect of average reneging time 

 Fig. 3.  The effect of reneging and AMC 



step size.  
Computational results show that the proposed batching 

procedure with convex reneging model accepts 15.9 % higher 
user request than the unicast. We present two major findings. 
First, the reneging behavior reduces the expected service 
latency and prevents it from increasing above a certain level for 
high arrival rates. Second, AMC based network capacity 
constraint plays a significant role in increasing the % of 
accepted user requests and reducing the latency. 

 

APPENDIX 

A. Proof of Lemma 1 

To be m is the highest MCS level to serve all k users, m 
should be the highest MCS level for at least one user that can be 
served and higher than or equal to m should be the highest MCS 
level for the other users that can be served. 

To calculate the probability for k users, let's consider the 
following two cases. 

 
1) The highest MCS level that kth user can be served is m. 
If all the other (k-1) users are capable of being served with 

higher than or equal to mth MCS level, then m becomes the 
highest MCS level to serve all k users.  

This probability can be calculated as follows: 
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2) kth user can be served with higher than mth MCS level. 
If the highest MCS level for at least one out of (k-1) users is 

m, then m is the highest MCS level to serve all k users. It is 
given as pk-1,m.  

This probability can be calculated as follows: 
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Hence, by combining the two cases, we prove the Lemma 1. 
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