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IIpoanajizoBaHo mnpodJjieMy IMepelaBaHHsA MNOTOKOBOro Bineo mo Mepexi LTE.
3anponoHOBaHO MAaTeMaTH4YHY Mojedb po3noainy pecypciB LTE min uyac tpancasumii
norokoBoro Bineo. lLle 3aGe3nmeuye pi3HuUil cnocié 00caAyroByBaHHA /Uil reTepOreHHOro
MobinbHOro Tpagdiky. llum gocArHyTi HeoOXigHI mapamMeTpu SIKOCTI 00CIYroBYBaHHS JIA
NOJINIIEeHHA SAKOCTi CHOPUAHATTA mNOCAYrd. MeTow Ppo0OTH € MOJiNIIeHHA SAKOCTi
COPUIiHATTA KOPHUCTYBaueM BileOKOHTEHTY B pa3i HaJaHHs iioro 3acobamu Mepexki
pagionoctyny LTE. ¥V 6araTtomapogiii Moaeni 6aratroaapecHoi nepeaadi moTokoBoro Bigeo
opuriHajibHe BiZeo cTHCKa€Thbcsl B Kilbka mapis. ba3oBuil map micTuth HalBaxJIMBinIi
0co0uBOCTI Bineo, ToAi Ak iHWi piBHI MicTATH iHdopManilo, Aka NOTIM MoKe MOKPAIIUTH
sakicTh Bineo. Illapu moxkyTh OyTH BinoOpaxeni B pi3nux |P-rpymax. ¥ pasi nogaBanus
BiAMOBiIHUX rpyn, npuiiMay Moke OTPUMATH 3arajbHy KilbKicTh JaHUX 3 0230BOr0 mapy 3
NeBHUM piBHeM mokpameHHs. OTike, HUXKHil Wap MoOBUHeH OyTH 3a0e3nMeyeHHd HUKYUM
piBHem MC (cxemu moxyJsinii i KoayBaHHs), Tak, [0 NpHiiMayi, MpuU3HaYeHi y BepxHi
apu, MOKYTh OTPMMATH 00CJYrOBYBaHHS Bill HM:KHBOIO HIapy. 3ajieskHO Bix BixcTani Ta
po3mnoainy Tpadiky cxemu Moayasmii Ta KoAyBaHHs Pi3Hi, a mjoma KOMipkH Moxke OyTH
po3aieHa Ha KiibKa KOHHEHTPUYHHX Kil. Slkmo pi3ni piBni MC BuKopHCTOBYIOTHCS B
pi3HuX mapax Bineo, To BinmoBigHi maHi nux mapiB moBuHHI OyTH mepegaHi mpuiiMmayam
BcepeauHi BinmoBigHux kin. 3a mincymkamMu [J0cCJdilikeHb HA OCHOBiI Takoi Mojgesi
BCTAHOBJIEHO, 1[0 Y 3amymJjeHoMy kaHaji QOE 3pocrae ayxe 3i 30i1bIIeHHSIM IIBHAKOCTI
nepegaBanHs. /A Takoro kaHajgy cTpaTerii cHpaBeJIMBOT0 PoO3MOJily pecypciB €
e()eKTHBHIIIIOI0, TOMY IIIO 32 PAXYHOK He3HayHoro noripmenns QOE mocsraersest icToTHMIT
BUTPaLll Y NOKA3HUKY CIPaBeJIMBOCTI po3moainy.

Korouosi ciioBa: L TE, sikicTh cnipuifHATTA, IKiCTH cepBicy, mponopuiiiHa cripaBeIUBIiCTb,
po3mnoaia pecypcis.
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The problem of video streaming over LTE network is analyzed. The mathematical
model of resource allocation of LTE is offered during video streaming. It provides different
service schedule for heterogeneous mabile traffic. It allows assuring the demanded quality
parameters for better user experience. The goal of the paper is to increase the LTE user
experience delivering video content over the radio access networ k.

Key words: LTE, QoE, QoS, Proportional Fairness, Resource Allocation.

Introduction

For LTE (Long Term Evolution) the concept of QoS (quality of service) system is used, which
is developed even for UMTS networks in specification TS 23.107. QoS should provide necessary
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number of attributes for multi-tiered gradation of users, be compatible with the efficient use of radio
resources policies to support the development of independent core network and radio access network,
ensure unambiguous definition of quality attributes. On the basis of the common requirements the
technical requirements are formulated in standards: quality of service mechanisms operate on the basis
of peer model of “User terminal — Gateway Network”, which provides one-to-one mapping of network
services and external applications; quality parameters set should be as short as possible to ensure
effective quality control while maintaining efficient use of radio resources and asymmetric cross-
channel functioning; implementation of quality management techniques based on successive sessions
in the process of multi-streaming media transmission; complexity of network protocols and slower
network performance due to the introduction of quality of service should be minimized, as well as the
volume of signaling data; applications are provided with ability to control quality of service
parameters in the process of transmission in various network nodes; QoS system must be dynamic to
be able to change QoS throughout active session.

1. Problem statement
Thus, the actual problem is the development of a model of the LTE service architecture that
takes into consideration coordinated solution of QoS ensuring in user and control plane and optimal
management of radio resources in LTE network.

2. Review of theliterature

The problem of ensuring QoS in case of video streaming is widely covered in papers [1-4], but
in these papers are hot mentioned the coordination of service quality system with optimal management
of radio resources in wireless broadband networks. This is due to the fact that authors mostly do not
consider the features of wireless transmission environment and radio access systems. These
characteristics necessitate separation of functional structure of QoS system into two subsystems: user
plane subsystem and control plane subsystem that must operate independently because between them
thereis joint radio access network and LTE core network [5-9].

Let’s analyze architecture of QoS system and service transmission within such a system with
example of connection establishment between the end equipment connected to the user terminal of
mobile network and terminal equipment located in the external packet network (Fig. 1). Here are
introduced notions of end-to-end service as a sequence of actions between two end-users and,
therefore, partial services — defined by their belonging to a certain network components: transmission
service between end-user equipment (TE — terminal equipment) and assigned to the user mobile
network terminal (MT — Mobile Terminal); transmission service in the LTE network channel (LTE
Bearer Service); transmission service in the outer channel — in the external packet networks (External
Bearer Service). Thus, there is a multilevel interaction when transmitting services in different network
nodes and at different levels.

Service transmission in LTE, according to the network architecture, is considered separately as
in the radio access network (Radio Access Bearer Service), where confidential transmission of user
data with pre-selected or set as default in advance level of QoS is ensured, so and in basic packet
network (Core Network Bearer Service) that can also support different quality of service. Service in
the radio access network is implemented as two components: transmission in radio channel (Radio
Bearer Service) and radio access service (Access Bearer Service). Implementation of service in the
radio channel includes all aspects related to data transmission on radio interface, including
segmentation and re-assembly of user packets. In addition, the physical layer (Physical Radio
Bearer Service) manages substreams of user data. Mechanism of radio access ensures data
transmission between the radio access network and core network on the physical layer (Physical
Bearer Service).
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Finally, service transmission in the backbone link (Backbone Network Bearer Service) is considered
in the functional set of physical and data layer of OSI model (Open Systems I nterconnection) and assigned
quality of service parameters.

Thus, based on the presented architecture the decomposition of tasks of the quality of service is
carried out. It should be noted that this decomposition is horizontal-vertical by levels and segments of
network LTE.

In auser plane such functions are designed to support user traffic and signaling to certain restrictions
set by the parameters of QoS.

End User Radioaccess Edge node of Gateway of End
equipment terminal network base network base network equipment

Cut-through service

Local transmission Data transmission
service between Local transmission service over LTE network service to external
TE/ST packet networks

Data transmission
service over base
network

Data transmission service
over radio access network

[] []
ata
transmission Access service Transmission
service over to radio access service over the
radio network trunk
interface

Transmission Transmission
service over service on
air physical level

Fig. 1. The functioning of QoS systemin the process of connection establishment between
the end equipment of LTE network and terminal equipment in the external packet network

Mapping Function (MF) ensures that appropriate parameters of QoS are assigned to each packet for
transmission.

Classification function (CF) is intended to define these QoS parameters for packets that are intended
for a particular subscriber terminal in case when for this ST few channels for service transmission are
established.

Resource Manager Function (RMF) allocates available resources among services according to QoS
parameters.

Traffic Conditioner Function (TCF) provides coordination between traffic flow of user data and
established QoS level. Those packets that do not meet established QoS parameters, will be reected or
marked as inappropriate for subsequent rejection after accumulation.

Fig. 2 shows interaction of quality of service control function in the user plane.

Classification function that is implemented in UT (user terminal) and SG appoints data packets
received from an external (or local) channel into the service of LTE network with appropriate parameters
of QoS. Traffic coordination function, when necessary, ensures coordination of the user flow in an upward
(in UT) and downward (in SG) directions with established QoS parameters. Next, display function ensures
each data packet with QoS-specific indicator and sends it along route over the network that requires
alocation of adequate resources. Resource management function is responsible for this and is implemented
in each network node.
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In the control plane, as always, functions necessary to implement mechanisms of management and
control are concentrated.

Service Management Function (SMF) is a coordinating function during installation, modification
and management of services and also it controls quality of service for managing functions in the user
plane.

Tranglation Function (TF) converts the internal service primitives of LTE network in modules of
different protocols of interacting external networks, including the transformation of attributes of LTE
network services in parameters of QoS for external networks protocols.

Admission / Capability Control Function (A / CCF) provides information on all possible resources
of network nodes, defining on each request (or modifying) of service, if the network nodes are able to
provide the necessary resources. This function also controls ability to provide the service, i.e., whether
requested service isimplemented in the network.
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Fig. 2. QoS management function in the user plane

Subscription Control Function (SCF) provides control of availability of different services with the
required parameters of QoS for subscribers.

Quiality of service management functions interaction in control planeis shownin Fig. 3.

Tranglation Function, which is operating in the ST and SG, will convert signalling information
related to external servicesin the internal service primitives, including attributes of the service.

Service Management Function, localized in UE, SG and core network (that corresponds to
subfunction), using tranglation function, sets or modifies the service, using the related capability control
function to determine resources availability that are needed for this service, and subscription control
function in order to determine the user rights to the service.

Note that some QoS parameters are mutually contradictory, such as delay and error rate in the
approved package, i.e., reiability. Thus, when transmitting voice traffic cut-through delay should not
exceed 150 ms and the allowabl e loss of information packets should be less than 3%. If we consider stream
traffic, in this case the loss of information packets are allowed no more than 1% and for interactive traffic
information packet loss generally unacceptable - its services (such as background traffic services) are
transmitted in acknowledgement mode and the need for retransmission of accepted with errors packages
can’'t measure the latency.
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Fig. 3. QoS management function in the control plane

As an illustration we point out the default data transmission parameters when the service is provided
in streaming class using AMR (Adaptive Multi Rate) speech codec and MPEG-4 video codec, what is
typical for mobile networks of 3 and 4™ generations.

AMR codec:

data transfer rate 4,75...12,2 kbit/s;

duration of encoded speech frames 20 ms;

delay does not exceed 100 ms;

relative level of bit errors 102...10™,

relative level of human error 10-3;

MPEG-4 Video Codec:

data transfer rate 24,0...128,0 kbit/s;

total 150...400 ms delay (between edge hodes), including actual video codec delay of about 200 ms;

relative level of bit errors 10° (limited use), 10 (some visible artifacts), 10° (a small
deterioration in perception), 10° (no visible deterioration).

3. Development of multi-layer model of group video streamingin LTE networks

In a multilayer model of the multiaddress video streaming, original video is compressed into
several layers. The base layer contains the most important features of the video, while one or more of
the higher levels contain information that can later improve video quality. Layers can be displayed in
various |P-groups. By adding relevant groups, the receiver can get the total data from the base layer
with a certain level of improvement. Thus, the bottom layer should be assigned lower than MC level
(modulation and coding), so that receivers assigned to the upper layers can get service from the lower
layer.

Depending on the distribution distance, basic modulation and coding types are different, and the cell
area can be divided into several concentric circles. If different MC levels are used in the different video
layers, video data of these layers must be transmitted to receivers within the respective circles. Table 1
presents the modulation and coding types corresponding to the relevant sectors of the cell. We consider
only the distant zone in the current work.

Let us suppose that S is symbol rate (symbols/s), which is allocated in advance for group video
session, there are L various MC levels. Let the possible number of video layersin this system be not more
than L and separate MC be applied to each video layer .., | =1,2,...,L.
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L TE modulation and coding

Table 1

MC Leve Modulation Size code bits symbol SNR (dB) Distance (km)
1 QPSK 12 1 35 1.58
2 QPSK 3/4 15 55 1.44
3 16QAM 12 2 75 131

Let us assume that in the outer cell circle where MC level coverage is 1, there are N receivers that
are uniformly distributed throughout the cell. Let us assume there are n receivers that can be placed inside

MC level coveragel, but not within the MC range | +1. Let us denote:

L
leﬁ, Whereéwlzl, @
N =1
S —symbol rate allocated for the layer |.
S =4a,S Whae§S£S. 2
1=1
L et us define the resource allocation vector A.
A=(,.a,,.a), Whereg a £1. (3

=1
If the MC level | can modulate 1, bits with one symbol, video-layer | is encoded and transmitted in
the band:
B =39x =a,x>S. (4)

Resource allocation vector A describes that each MC level is allocated limited resources,
so it determines the number of video layers and their transmission rate, i.e. the speed of video
encoding.

Receiver within the MC level | coverage area, but not within the level | +1, can receive data from
video layer 1 to video layer |. We consider the ideal case with no loss, no environment noise where the
total datarate R of thereceiver is:

. 5
10, if 1=0 (i ®)

iX,ta; %, for 1£1 £ L%

3.1. Balancing between throughput and resource allocation fairness
Resources are allocated to maximize overall throughput. To do this, we have to determine the
alocation vector A, , to maximize the amount of received datarates for all receivers.

Awmc i =agMax(@ R) =argmax(g n R)
LA =1 A i =1 - (6)
=argmax(g W *R), subject_to(§ S £5)

i=1 i=1

The proportional fairness (PF) was introduced in game theory, which is the most common method
for network planning to establish a compromise between efficiency and consistency of resources, the

236



purpose of which is to maximize the use function. If the use function is the identity function of obtained
data rate, we can get the following expression:

N 1 A
Avex_prtn =ar9£naX((_) R) =arg£na><(ﬁ(_) R"Y)

:agTw(é n ¥og(R)) : @)

i=1

= argmax(§ w 40g(R)), subject_to(§ S £°5)

i=1 i=1

3.2. QoE model
S-curve chosen as a model that summarizes relationship between QoE (Quality of Experience) and
distortion, display function QoE reflects the average rate of the video stream R, where video encoding rate
isindicated as Ry
()

QR =" ®)

Environment variables C, and C, indicate video distortion. If C, =6, C,=2, as arule, it is

assumed that the environment is an ideal wireless channel, and if C, =6, C, =6, we suppose that thisis a
noisy channel area.
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Fig. 4. QoE function

3.3. The optimal and uniform QoE allocation
Allowable quality of users services experiences is a function of allowable data rate R and resource
allocation strategy to maximize the total QoE for al receivers:

A coc =89MaX(& QR)) =argmax(& 1 }Q(R))
) i=1 A ; I=1 (9)
=agmax(3 w>Q(R)). subject 1o S £°9)

If we consider the uniform allocation between the receivers, min-max allocation fairness
demonstrates better quality of experience than PF planning. However, in respect of QoE PF planning

provides a practical solution for compromise between allowabl e quality and QoE of the user.
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N P
A srce =agmax(O QR)) = argmax(-- O QR)")

= argmax(--&  40g(Q(R)) (10

= argmax(§ w H0g(Q(R ). subject to(d § £

i=1 i=1

3.4. Assessment of QoE allocation fairness
Let us assume that Q denotes the average QOE of N receivers, fairness factor then can be defined as
follows:

F(Q(R)),Q(R,),...QRY)) =
1 §QR)
=]1- 7.
2N-1) 2| Q ]‘
N &

. JQR,)
a2 g

(11)

4. QOE parameters research during the video traffic
transmission with limited radio network resour ces
Performance analysis and simulation were performed based on the following assumptions:
eNodeB provides 3 types of modulation and coding schemes for distant zone and their
application areas described in Table 1;
Mobile stations are evenly distributed within the cell;
Video is encoded using SV C (scalable video coding) at encoding rate R=512 kbps;
Number of video layersis no more than the number of modulation and coding scheme types,
L osses at Scalable Video layers are not accounted.

When using the point-to-point connection, the appropriate MC level for video information
transmission is determined depending on the channel condition towards the receiver. For this reason,
receivers with low signal / noise ratio at the output choose relatively low MC level and limit speed of
multiaddress transmission. Due to this, the receivers receive a fair share of bandwidth, but it does not
ensure sufficient service QOE in many cases.

On the other hand, video streaming effectiveness is not measured with bandwidth, as in case of
usual data transfer. Hence, video streaming effectiveness depends on the services quality of
experience (QoE).

Table 2 and 3 summarize the best results of resource allocation with maximized and proportional
fair QoE according to different symbol rates and number of video layers.

Table 2
Optimal resource allocation results with maximized QoE
for different symboal rates and amounts of video layers
Video symbol Video Codin MC mbol Average Fairness
rate (kss{/m/s) layer rate ° type S‘};ate QoE Users, % QOEg level
120 1 240 3 120 0,91 68 0,62 0,67
3 32 3 16 0,9 68
200 2 63 2 42 0,82 14 0,83 0,94
1 142 1 142 0,56 18
3 22 3 11 0,97 68
280 2 30 2 20 0,95 14 0,97 0,99
1 249 1 249 0,92 18
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For example, if the available symbol rate is 200 ksym/s, for its streaming we form group multi-layer
session and get the maximum average QoE equal to 0.83, provided that:

The number of video layersis 3;

Base layer coding rateis 142 kbps and improvement layers coding rates are 63 kbps and 32 kbps,
respectively;

Symbol rate for the base layer is set at 142 ksym/s and first MC type is used (e.g. QPSK
modulation and coding rate 1/2);

For the first improvement layer, symbol rate is set at 42 ksym/s and 2nd MC type is used (i.e,
QPSK and coding rate 3/4);

For the second improvement layer, symbol rate is set at 16 ksym/s and 3d MC type is used
(i.e, 16QAM and coding rate 1/2);

18% receivers receive only the base layer with 0.56 QOE, 14% receivers receive the base
layer and the first enhancement layer with 0.82 QoE while 68% receivers receive all layers with
0.9 QoE.

As compared with the case of QoE maximization, PF QoE allocation strategy encourages video
stream sharing by a wider range of users through the division of the video stream to a greater number of
layers, and thus improving the quality of fairness, as shown in Table 3.

In case of bandwidth limitation to 120 ksym/s, QOE maximization strategy forms a single layer
video stream and covers 68 of users only. And we are using 3d MC level. On the other hand, PF algorithm
divides the resources into 3 layers and covers 100% of users by adapting MC of the lower levels to layers
1, 2 and 3 to get more coverage. Therefore, each of 18% users receives video from layer 1 at 80 kbps data
rate, each of 14% users receives data from both layers 1 and 2 at an aggregate data rate of 114,5 kbps, each
of the other users can receive data from layers 1, 2, 3 at the data rate of 148,5 kbps. For this case, by
reducing QoE by 8%, PF algorithm makes it possible to receive 31% increasein allocation fairness.

Table 3
Optimal resource allocation results with proportional-fair QoE
for different symboal rates and amounts of video layers
Video symbol Video Coding MC | Symbal QoE Users, Average Fairness
rate (ksym/s) layer rate type rate % QoE level
3 34 3 17 0,59 68
120 2 34,5 2 23 0,42 14 0,57 0,88
1 80 1 80 0,23 18
3 28 3 14 0,88 68
200 2 36 2 24 0,80 14 0,82 0,96
1 162 1 162 0,66 18
3 22 3 11 0,98 68
280 2 25,5 2 17 0,96 14 0,96 0,99
1 252 1 252 0,93 18

To analyze the possible compromises between QoE and allocation fairness, let us consider three
different cases of the channel condition between the transmitter and receiver, ideal channel conditions
(C,=6,C,=2).

The results depicted in Fig. 5 show that PF maximization strategy is more effective than QoE
maximization to optimize the resources allocation in terms of QoE and allocation fairness, because it
greatly improves fairness with a dlight decrease in QoE.

In the harsh conditions of noise in the channel, QOE is growing very slowly with increase in rate
when the value of the rate is below a certain threshold or higher than another threshold, as shown in the

239



S-curvein Fig. 4. Within this range, QoE which depend on the video data rate are dlightly different, so the
resource allocation strategy slightly affects QoE.
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Fig. 5. Compromise between QoE and fairness of resource allocation (for C, =6,C, = 2)

5. Conclusions

This paper considers a problem of effective resource allocation in case of video streaming over LTE
RAN infrastructure. We were analyzing the means of service quality assurance located in user and control
pane of LTE and are based on LTE service architecture. We have developed the multi-layer model of
group video streaming that is our simulation to calculate the objective user experience and index of
proportional fairness of resource allocation. In the other hand, we have used an AMC to guarantee the
proper SNR in the simulated LTE cell. The simulation was performed using the uniform distribution of
subscribers around the cell in different conditions of noisein the LTE channel.

In case of bandwidth limitation to 120 ksym/s, QOE maximization strategy forms a single layer
video stream and covers 68 of users only. And we are using 3d MC level. On the other hand, PF algorithm
divides the resources into 3 layers and covers 100% of users by adapting MC of the lower levels to layers
1, 2 and 3 to get more coverage. Therefore, each of 18% users receives video from layer 1 at 80 kbps data
rate, each of 14% users receives data from both layers 1 and 2 at an aggregate data rate of 114,5 kbps, each
of the other users can receive data from layers 1, 2, 3 at the data rate of 148,5 kbps. For this case, by
reducing QoE by 8%, PF algorithm makes it possible to receive 31% increasein allocation fairness.

In the harsh conditions of noise in the channel, QOE is growing very slowly with increase in rate
when the value of therateis below a certain threshold or higher than another threshold (see Fig. 4). Within
this range, QoE which depend on the video data rate are slightly different, so the resource allocation
strategy dightly affects QoE.
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