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Abstract: The demand for video services such as live video
streaming, video on demand etc., over mobile broadband has been
growing rapidly in recent years and is expected to increase in near
future. If the mobile networks consider unicast transmissions to
every user accessing live video streaming applications then it may
lead to inefficient resource utilization and reduced fairness
among users. I n order to support these high data rate video service
users, Long Term Evolution (LTE) network has adopted mobile
broadcasting and multicast mechanism for efficient utilization of
the available spectrum. Mobile broadcasting is a mechanism that
efficiently delivers same content using common resourcesto many
users. The design of resource allocation strategies for broadcast
and multicast servicesis required to achieve high performancein
terms of both total service throughput achieved and fairness
among all the users. Hence in this paper, Venue Cast User
Prioritized Round Robin (VCUPRR) Scheduling Algorithm is
proposed to enhance throughput and fairness of venue cast users
accessing same venue specific content. The performance of
proposed scheduling algorithm is evaluated using QualNet 7.1
network simulator by considering aggregate throughput, average
delay and averagejitter as performance metrics.
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. INTRODUCTION

The growing demand for mobile video services such as

live and on-demand video streaming services in Long Term
Evolution (LTE) network pose new challenges in the design
of scheduling algorithms to improve the overall system
capacity [1]. With the introduction of evolved Multimedia
Broadcast and Multicast Service (EMBMS) in LTE [2], users
in venue specific areas can be delivered with same multimedia
content using a Single-Frequency Network (SFN) mode.
However to perform optimal resource allocation in eMBMS,
a number of mechanisms such as multicast coding scheme,
resources allocated to unicast users and multicast group, the
number of groups and their membership, etc., needs to be
considered [3].
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Resource alocation strategies for broadcast and multicast
services are not standardized and new techniques are
designed to achieve high throughput performance and fairness
among users. Many system designers consider the channel
condition experienced by users in resource allocation [4],
which maximizes the throughput performance of users in
good channel condition. However, the users with bad channel
condition may not be serviced leading to reduced fairness
among users and inefficient spectrum utilization [1].

Hence in this paper, a novel Venue Cast User Prioritized
Round Robin (VCUPRR) scheduling algorithmisproposed in
which venue cast users are identified and grouped during
resource allocation to enhance overall system throughput and
fairness. Performance of the proposed VCUPRR scheduling
algorithm is evaluated using QualNet 7.1 network simulator
by considering aggregate throughput, average delay and jitter
as performance metrics.

The rest of this paper is organized as follows. Section Il
describes the existing Round Robin (RR) scheduling
algorithm for LTE Networks. Section |11 describes proposed
VCPURR scheduling algorithm. Simulation results and
discussion are presented in Section 1V, followed by
conclusionin section V.

[I. ROUND ROBIN (RR) SCHEDULING
ALGORITHM

In Round Robin (RR) scheduling a gorithm, the number of
available RBs (Nprg) is estimated using channel bandwidth.
The available RBs are divided into Resource Block Group
(RBG) and the number of RBs in each group (RBG size)
varies depending on the channel bandwidth asgivenintablel.
Fig. 1 shows the representative scenario for RR scheduling
algorithm with 5SMHz channel bandwidth consisting of three
unicast and three venue cast User Equipments (UES).

LTE Unicasting

g Venue Casting UE ﬁ Uni Casting UE

Fig. 1.Representative scenario with 5 MHz channel
bandwidth for RR scheduling algorithm
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Table- I: Number of available RBs (Npgrg) and RBG in
Chann€dl bandwidths

Channel bandwidth

14 3 5 10 15 20
[MHZ]
Number available RBs 6 151 25 | 50 | 75 100
(Nerg)
Number of RBG 6 7 13 17 19 25
RBG size 1 2 2 3 4 4
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Fig. 2.Representative bitmap of UEsfor 5 MHz
bandwidth for RR algorithm

In every Transmission Time Interval (TTI), eNB considers
UEs from a list of connected UEs for which it has data to
communicate as target UEs and prepares a list of target UEs.
The number of UEsthat can be served among the list of target
UEsis determined based on humber of RBGs and number of
target UEs whichever is minimum. eNB schedules these UEs
one after the other in cyclic order [5][6]. For each UE, when a
RBG isallocated, abit corresponding to the allocated RBG in
the bitmap of the UE is set (fig. 2).

Start RR Scheduler

Prepare the list of downlink connected U'Esl

Estimate the number of available RBs and
RBGs based on channel BW (table 1)

Prepare the list of downlink connected UEs

Number of UEs can be served = Minimum

(number of RBGs, number of target UEs)

i

Allocate RBGs and update UEs bitmap

)

Get CQI feedback from UEs to estimate

Ives and corresponding Itgg

¥

Estimate TBS based on number of RBs and

Itgs

¥

eNB dequeues TBS amount of bytes from

the corresponding UEs queue

Fig. 3.Flowchart of RR Scheduling Algorithm
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At the end of current TTI, eNB determines Modulation and
Coding Scheme index (Iycs) based on Channel Quality
Indicator (CQI) values retrieved from UE and then estimates
the corresponding Transport Block Size index (l+gs) [7].
Further, eNB dequeues Transport Block Size (TBS) amount
of bytes, estimated based on number of RBs allocated (Ngg)
and |+gs, from the corresponding UE queue. Fig. 3 shows the
flowchart of RR scheduling algorithm.

1. PROPOSED VENUE CAST USER PRIORITIZED
ROUND ROBIN (VCUPRR) SCHEDULING
ALGORITHM

The users accessing venue specific contents such as live
video coverage, software updates, departure and arrival
information at the airport, special offers available at the mall
etc., over LTE network are increasing rapidly. If such users
accessing the same content are considered as unicast users
then there is an increase in the resource (RB) requirement as
the cell load increases. Hence, to service the users accessing
venue specific contents, venue casting mechanism is adapted
at eNB where same content are delivered to many users using
common resource blocks.

LTE Venuecasting

g Venue Casting UE Uni Casting UE

Fig. 4.Representative scenario with 5 M Hz bandwidth for
the proposed VCUPRR scheduling algorithm

o[ 1]z s falsfo]7[s]o]iofun]o]
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Fig. 5.Representative bitmap of UEswith 5SMHz
Bandwidth for VCUPRR scheduling algorithm
In the proposed VCUPRR Scheduling Algorithm, the
number of available RBs (Nprg), RBGs and UEs to be served
are estimated as per the RR scheduling algorithm. Further in
the proposed scheduling algorithm, the users accessing same
streaming content are identified among the UEs to be served
and grouped as venue cast
users.
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From the group of venue cast users, A UE experiencing the
lowest CQI value is identified and its MCS index and
corresponding Transport Block Size achievable with asingle
alocated RBG is estimated. The total number of RBGs
(Ngrsa) required to suffice Quality of Experience (QOE) of the
corresponding venue casting UE is obtained by (1)

Total buffer size of the UE (1)

TBSachieved with single RBG

Nrec =

The same Nggg RBGs are allocated to all venue cast users
in the group by setting the bit corresponding to RBGs in
bitmap of each venue cast UE (fig. 5) thereby allowing them
access the venue specific content through same RBGs.
Further, the remaining RBGs are alocated to unicast UEs
among the list of target UEs as per RR scheduling algorithm
[8]. Fig. 4 shows the representative scenario for proposed
VCUPRR scheduling algorithm consisting of three unicast
(UEs 1,2,3) and venue cast UEs (UEs 4,5,6) with 5SMHz
channel bandwidth. The flowchart of the proposed VCUPRR
algorithmis shown infig. 6.

Start VCUPRR Scheduler

| Prepare a list of downlink connected UEs |

¥
Estimate the number of available RBs and
RBGs

|
¥

Prepare target UEs list from downlink
connected UEs and RBGs
¥

Identify and group all venue cast UEs

¥
Identify venue cast UE experiencing lowest
CQI value from the group
L 2
Estimate [ycs and TBS achievable with
single allocated RBG
¥
Calculate total RBGs (Nrgg) to suffice QoE
of the corresponding venue cast UE (Eq 1)
¥

Same Nggg RBGs allocated to all venue cast|
UESs by setting the bits corresponding to
RBGs in bitmap of each venue cast UE

¥
Allocate remaining RBG to unicast UES as
per RR algorithm
|

Fig. 6.Flowchart of Proposed VCUPRR Scheduling
Algorithm

IV. SIMULATIONANDRESULTS

The performance of proposed algorithm is evaluated using
QualNet 7.1 network simulator by considering single cell
scenario in a simulation area of 5Km x 5Km. Two ray path
loss model with lognormal shadowing is considered for the
simulation studies. The remaining simulation parameters are
listed in table Il. The snapshot of the scenario designed for
simulation study using QualNet 7.1 network simulator is
showninfig. 7.
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Tablell: Simulation Parameters

3138

Property Value
Simulation-Time 30sec
Simulation-Area 5Km X 5Km
Downlink-Channel-Frequency 1.85GHz
Uplink-Channel-Frequency 1.75GHz
Pathloss model Two-ray
Propagation-Model Statistical
Fading Model Ricean
Ricean K factor 4.0
Shadowing mean 4dB
Channel-Bandwidth 10MHz
Antenna-Model Omnidirectional

PHY - Tx-Power 46dBm
PHY - Num-Tx-Antennas | 1
eNB PHY - Num-Rx-Antennas | 1
Antenna-Height 15m
MAC- Scheduler-Type Simple-Scheduler
PHY - Tx-Power 23dBm
UE PHY - Tx-Antennas 1
PHY - Rx-Antennas 1
Antenna-Height 1.5m
o QualNet - o
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Fig. 7.Snapshot of the scenario designed for performance
evaluation RR and VCUPRR scheduling algorithms

A. Scenariol

In this scenario, an eNB with 10 venue cast UEs & 20
unicast UEs are considered in a single cell environment. A
downlink Constant Bit Rate (CBR) connection of 512Kbpsis
established between eNB and each UE. Simulation is carried
out for the proposed VCUPRR scheduling algorithm for
channel bandwidth of 1.4 MHz and total number of users
served, number of unicast and venue cast users served and
aggregate throughput of unicast and venue cast users are
recorded. Also, simulation studies are repeated for data rates
of IMbps and 2Mbps.
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Further, the simulation experiments are carried out by 20MHz. Also, simulation studiesare repeated for existing RR
increasing the number of venue cast UEs from 10 to 50 in  algorithm. The results recorded are tabulated in table [11.
steps of 10 UEs.

Similar set of simulation experiments are repeated by setting
the channel bandwidth to 3MHz, 5MHz, 10MHz, 15MHz and

Table- 111: Total number of usersserved, number of unicast and venue cast users served, aggr egate throughput
performancefor different bandwidth and data rates

Aggregate
Total users served . Throughput
Data Unicast
BW Venue cast (Mbps)
MH?Z) rate USers user s served Venue

( (bps) With Basic With served Unicast
RR VCUPRR user cast
user
11 10 274 5.11
21 20 2.76 10.23
512K 6 31 30 276 15.35
41 40 2.76 20.47
51 50 2.78 25.59
11 10 2.07 9.96
21 20 2.07 19.92
1.4 M 6 31 1 30 2.07 29.94
41 40 2.07 39.94
51 50 2.08 49.9
11 10 1.49 18.17
21 20 1.56 37.44
2M 6 31 30 1.55 57.59
41 40 153 77.38
51 50 1.75 94.09
13 10 7.6 5.11
23 20 7.66 10.22
512K 7 33 30 7.67 15.35
43 40 7.65 20.46
53 50 7.74 25.59
13 10 6.99 9.92
23 20 7.06 19.95
3 M 7 33 3 30 7.05 29.93
43 40 7.06 39.96
53 50 7.14 49.87
13 10 6.37 17.63
23 20 6.55 35.99
2M 7 33 30 6.49 56.77
43 40 6.56 75.70
53 50 6.69 92.54
18 10 9.88 5.03
28 20 9.61 10.16
512K 13 38 30 9.94 15.28
48 40 10.13 20.41
58 50 9.87 25.51
18 10 10.93 9.80
28 20 10.91 19.81
5 M 13 38 8 30 11.05 29.83
48 40 10.74 39.81
58 50 11.17 49.71
18 10 10.31 15.77
28 20 10.81 34.99
2M 13 38 30 10.93 53.02
48 40 10.49 74.33
58 50 10.94 85.93
22 10 10.1 5.06
10 512K 1 32 12 20 10.12 10.19
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) 30 1012 15.22

52 40 1013 20.44

62 50 101 253

2 10 1503 9.86

32 20 16,54 19.88

M 17 ) 30 1591 29.86
52 20 158 39.88

62 50 16.12 49.81

2 10 16.58 15.67

2 20 16.72 3459

2M 17 ) 30 17.42 53.31
52 40 17.87 7411

62 50 18.99 87.10

24 10 1011 508

34 20 1012 102

512K 19 44 30 1012 1532
54 20 1012 2043

64 50 1011 2551

24 10 16.11 991

34 20 16.92 1983

15 M 19 44 14 30 17.47 29.85
54 40 1846 39.85

64 50 17.78 2974

24 10 2114 14.64

34 20 22.29 327

2M 19 44 30 21.79 51.97
54 40 213 72.03

64 50 23.09 82.64

30 10 101 504

20 20 101 1017

512K 25 50 30 10.09 1528
60 40 10.09 20.39

70 50 10.10 2548

30 10 1873 9.80

40 20 19.11 19.17

20 M 25 50 20 30 19.29 29.15
60 40 1834 39.19

70 50 18.75 29.07

30 10 19.11 12.78

20 20 1951 3117

oM 25 50 30 19.75 50.54
60 20 20.02 68.57

70 50 2333 7757

(@) 10MHz

B —— ]

=
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Fig. 8.Plot of total number of users, unicast and venue cast users served with increasing number of venue cast usersin
the representative scenario for basic RR scheduling algorithm with channel bandwidth a) 10MHz and b) 15SMHz
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Fromtable Il and fig. 8(a-b), it is evident that for existing
RR scheduling algorithm, the total number of UEs (unicast
and venue cast) served islimited to number of RBGs (table 1)
available for a particular bandwidth, i.e., 6, 7, 13, 17, 19 and
25 UEs served for bandwidth of 1.4AMHz, 3MHz, 5MHz,
10MHz, 15MHz and 20MHz respectively. The RR
scheduling agorithm alocates one RBG to each UE, if the
number of target UEs is more than the available RBGs. In the
scenarios considered for simulation studies, the minimum
total number of UEs including both venue cast and unicast
users is 30 and is more than the RBGs available with all
considered bandwidth.

Also, fromthetable |11 and fig. 9(a-b), it isevident that for
proposed VCUPRR algorithm, the maximum number of
unicast UEs served are almost same and equal to the number
of available RBGs excluding RBGs allocated to serve venue
cast UE experiencing lowest CQI value. It isalso evident from
thetable 3 that all venue cast usersin the cell are served and it
is also observed that the number of venue cast users served
increases with increase in number of venue cast users in the
considered scenarios.

—8— Total UEs served_proposed
—8— Venue cast UEs served_proposed
—A— Unicast UEs served_proposed

(a) 10MHz

60

Number of UEs

Number of venue cast UEs

70

—8— Total UEs served_proposed
—8— Venue cast UEs served_proposed
601—a— Unicast UEs served_proposed

s0{ (b) 15MHz

304

Number of UEs

204
0] o«

10 20 30 40 50
Number of venue cast UEs

Fig. 9.Plot of total number of users, unicast and venue
cast usersserved with increasing number of venue
cast usersin the representative scenario for proposed
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VCUPRR scheduling algorithmswith channel
bandwidth a) 10MHz and b) 15MHz

Itisalso evident fromtablelll that aggregate throughput of
unicast users is almost constant for all scenarios considered
for a given data rate independent of number of venue cast
users, since number of unicast users served are same. The
aggregate throughput performance of venue cast users
increases with increase in number of venue cast users served.
The observed increase in throughput is almost equal to the
product of number of venue cast users and data rate of each
venue cast user.

B. Scenario 2

In this scenario, the simulation parameters of scenario 1 are
retained and simulation is carried out for the proposed
algorithm for channel bandwidth of 10MHz and performance
metrics such as aggregate throughput, average delay and
average jitter are recorded. Also, simulation studies are
repeated by increasing the datarateto 1Mbps and further upto
6Mbpsin steps of IMbps.

Similar set of simulation experiments are repeated for
proposed VCUPRR scheduling algorithm with channel
bandwidth of 15MHz and also repeated for basic RR
scheduling agorithm.
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Fig. 10. (a) Aggregatethroughput, (b) Average delay
and (c) Averagejitter performancesfor 10 venue cast
and 20 unicast UEswith 10M Hz channel bandwidth

for RR and VCUPRR scheduling algorithms

Figures 10(a-c) shows aggregate throughput, average delay
and jitter performances for representative scenario consisting
of 10 venue cast user and 20 unicast users respectively for RR
and VCUPRR scheduling agorithms with 10MHz channel
bandwidth.

From the fig. 10(a) it is evident that the aggregate
throughput performance increases linearly for lower data
rates as sufficient number of RBs are available for all users.
However, at higher data rate above 2Mbps, the throughput
performance of al UEs saturates as the cell capacity is less
than the number of UEs within the cell.

It is aso evident from fig. 10(a) that total throughput
performance of the proposed VCUPRR scheduling algorithm
is better compared to the RR scheduling algorithm.

It aso observed from the fig. 10(a) that throughput
performance of venue cast users are much better than unicast
users and total throughput performance of the RR scheduling
algorithm.

Since in proposed VCUPRR agorithm same RBGs are
allocated to all venue cast users, the remaining RBGs are
efficiently distributed among the unicast users thereby
increasing the overall system throughput and venue cast user
throughput.

Where in RR scheduling algorithm unicast and venue cast
user are not differentiated and available RBGs are used to
serve al users there by reducing total throughput
performance.

Further from figures 10(b and c), it is observed that the
delay and jitter performances of the proposed VCUPRR
scheduling algorithm is better compared to the RR scheduling
algorithm. Observed better delay and jitter performance for
venue cast usersis due to alocation of dedicated RBGs.
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Fig. 11. (a) Aggregatethroughput, (b) Average delay
and (c) Averagejitter performancesfor 10 venue cast
and 20 unicast UEswith 15M Hz channel bandwidth

V. CONCLUSION

LTE standard introduces evolved Multimedia Broadcast
and Multicast Service (eMBMS) to support high data rate
video applications over the mobile broadband. I n this paper, a
novel Venue Cast User Prioritized Round Robin (VCUPRR)
scheduling algorithm is proposed in which venue cast users
are identified and grouped during resource allocation to
enhance overall system throughput and fairness.
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Performance evaluation of the proposed VCUPRR
scheduling agorithm is carried out using QualNet 7.1
Network simulator by varying number of venue cast users.
From simulation results, it is evident that throughput is
enhanced for unicast and venue cast users without degrading
overall system throughpuit.
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