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Introduction 

 
There are major changes undergoing in mobile carrier 

networks. The introduction of mobile broadband services 
is the main driving force. The deployments of Long Term 
Evolution (LTE) will significantly increase the ratio of 
packet data traffic to TDM traffic in the backhaul [1]. LTE 
can support a theoretical peak downlink data rate of 330 
Mb/s  (4x4 MIMO) [2]. Legacy backhaul networks are 
optimized for circuit switched voice traffic in which the 
transmission from Base Transceiver Station (BTS) to a 
base station controller (BSC) is realized using static time 
division multiplexing (TDM) circuits. TDM networks are 
inefficient for packet transfer. Therefore it is not possible 
to deliver LTE service through TDM backhaul and 
maintain profitability [1].  

The LTE standard, finalized in early 2009, defines 
major architectural changes such as System Architecture 
Evolution (SAE). It is important to note that LTE focuses 
on all-IP approach.  Current mobile standards use a mix of 
circuit-switched and IP technologies to support legacy 
services. Both the data and control planes are based on IP 
protocol in LTE standard. This delivers a simplified 
operational model in combination with flatter network 
approach. 

Multiprotocol Label Switching Transport Profile 
(MPLS-TP) is a scalable packet forwarding technology, 
which enables traffic engineering, Quality of Service 
(QoS) and fast recovery from node and link failures.  The 
stack of IP/MPLS allows wire emulation (pseudo wire) for 
TDM, ATM, SDH/SONET and Ethernet services over 
packet switched networks. E-LAN and E-Line services for 
Ethernet are provided by the virtual private LAN service 
(VPLS) and virtual private wire service (VPWS). During 
our experiment we will investigate the carrier backhaul 
network based on MPLS-TP technology. 

Basically there are three possible backhaul migrations 
from legacy TDM networks to packet networks scenarios 
[3]. The first scenario is to adapt the operators legacy TDM 
backhaul to support both TDM and packet data traffic. 

Second scenario is where two separate data traffic 
networks are build, TDM and packet based. In these two 
scenarios BS are synchronized from legacy TDM backhaul 
network. In the third scenario the backhaul network is fully 
packet based, for carriers which are new to the market. In 
second and third scenario we need have possibility to 
deliver synchronization through packet network. The main 
goal of this paper is the research of  Synchronous Ethernet 
(SyncE) ITU-T G.8261, G.8264, G.8262 possibilities to 
deliver BS frequency synchronization.  

For the transfer of frequency synchronization, SyncE 
is the ideal solution. It combines the cost effectiveness of 
the Ethernet with synchronization transfer capabilities of 
SDH. The alternative to Synchronous Ethernet would be to 
install GNSS receivers and antennas in all base station 
sites. 

The physical layer 

As defined in ITU-T G.8261, Synchronous Ethernet 
is using physical layer for node synchronization to the 
same frequency. Mobile Carrier Ethernet realizations are 
usually deployed as a high-speed point-to-point connection 
where physical layer (ETY) works great in asynchronous 
mode as packets get buffered at each node. In Synchronous 
Ethernet, the link frequency is linked to a traceable 
primary reference source. The clock is recovered at PHY 
of incoming interface, on all the nodes along the path, and 
than it is locked to the phase-locked loop (PLL) (Fig.1) [4]. 
The process is similar to SDH/SONET which provides 
highly precise frequency synchronization. However SyncE 
does not support the distribution of time of the day 
information, due to that reporting functions in mobile 
networks are limited as stated in ITU-T G.8264.  

In SyncE networks the control of the level of jitter 
and wander is very important. In ITU recommendations, 
the so called Network Limits are specified – the maximum 
acceptable wander and jitter for different classes of 
interfaces in the network. 

Table 1 shows synchronization requirements for 
different wireless technologies. 

 

 http://dx.doi.org/10.5755/j01.eee.114.8.691



 

T

W

 

F

2
s
e
p
f

w
o

S

m
E
u
m
(
a
W
w
g
S
I
s
s

l
T
p
M
f
p
 

Table 1.Synchr

Wireless techn

GSM 

 

CDMA/CDMA
WCDMA/UM

 
 

TD-SCDM
WiMax fixe

 
WiMax mob

 
LTE 

PLL

PRC timing 
input

Data

Fig. 1. Clock an

It is ackn
2009 PTP a
synchronizatio
effects of traff
provides the 
frequency stab

Although
when all node
only can be us

System design

Our expe
mobile carrie
Ethernet conn
used SyncTes
measuring dev
(precision ±1×
and PDH syn
WinSTS progr
which execut
graphical data
SyncE suppor
It is a one 
synchronized 
shown in Fig.2

Synchron
ong period of

TIE,MTIE,TD
parameters (Y
MTIE, TDEV
from a opera
premises. The 

ronization requi

nology In

R

Tr

A2000 R
MTS R

Tr
RNC

MA R
ed R

Tr
bile R

Tr
R

Network
Data link
Physical

Application data

Clock

nd data path in S

nowledged tha
also may be
on transfer, bu
fic load, physi

best techn
bility and accu
h Synchronou
es along the p
sed for frequen

n and experim

erimental setti
er`s laborato
ection. For sy

ster OSA 556
vice with hig
×10-11) which
nchronization
ram is the con
tes mathemat
a. We used tw
rt for frequenc

hop installa
to a Stratum 
2. 
nization measu
f time. Durin

DEV,MADEV
Ym), but for 
V and Ym. T
ating base s
operator was 

irements  

nterface 

Radio 

ransport 

Radio 
Radio 
ransport 

C, net  sync 
Radio 
Radio 
ransport 
Radio 
ransport 
Radio 

Network
Data link
Physical

PLL

Appli

Master por

SyncE 

at methods su
e used for 
ut because of 
ical level Syn
ical solution

uracy. 
us Ethernet c
ath supports S
ncy synchroni

ment 

ing was a UM
ory, which 
ynchronization
65 STS. Sync
gh stability ru
h is designed 
n signal qual
ntrolling progr
tical calculati

wo NEC MN5
cy synchroniz

ation.  The 
1 PRC. Expe

urements wer
ng the experim
V and freq

our analysis 
The measurem
station on th

the first in th

Maximal fre
offset

50 – 250 

0.01 pp

50 – 250 
50 – 250 

15 ppb
0.01 pp

50 – 250 
15 ppm

- 
15 ppm
16 ppb

50 – 250 

Network
Data link
Physical

PLL

cation data

T
o

rt Slave p

uch as IEEE 1
the purpose

its sensitive t
nchronous Eth
n for guaran

can only be 
SyncE interfa
ization. 

MTS base statio
has Synchro
n measuremen
cTester is por
ubidium oscil
for SDH/SO

lity measurem
ram for the de
ions and disp
200 switches 

zation transfer
master switc

erimental setti

re taken in 100
ment we meas
quency prec

we will use 
ments were t
he mobile ca
e region to  in

32 

equency 
t 
ppb 

pb 

ppb 
ppb 
b 
pb 
ppb 

m 

m 
b 
ppb 

Timing 
output

port  

1588-
e of 
to the 
hernet 
nteed 

used 
ace, it 

on in 
onous 
nt we 
rtable 
llator 

ONET 
ment. 
evice, 
plays 
with 

r [5]. 
ch is 
ing is 

000 s 
sured 
cision 

only 
taken 
arrier 
nstall  

 
NEC
duri
 

Fig.

Max

inter
usin

ൌ
char
cloc
sign
posi
show

 Fig.

Maximal ph
offset 

- 

4.3 µs 

- 
- 
- 

4.3 µs 
- 
- 
- 
- 
- 

10 – 50 µs (TD

C SyncE equi
ng the test run

2. Experimenta

ximal time in

MTIE (µsec
rvals τ during

ng this formula

ൌ ଵஸஸேିݔܽ݉
 
In the IT

racteristics of 
ck. Wander is 
nificant instan
itions in time.
wn in Fig. and

. 3. Input wande

ase 
Tim

DD) 

pment and th
n of the equipm

al set 

terval error (

) is largest pe
g measuring p
a ܧܫܶܯሺ݊ሾmaxሺx୧ሻ୩ஸ୧ஸ୩ା
TU-T G.826
a synchronou
defined as  th

nts of a digit
 Input wande

d measured res

er tolerance ma

me of day maxi

- 

- 

1 µs 
2.5 µs (TD

- 
- 
- 
- 

1 µs (TDD
1 µs (TDD

- 
- 

he measureme
ment.  

(MTIE) 

eak-to-peak TI
period T. MTI

݊߬ሻ ൌ 

ା୬ െ minሺx୧ሻ୩ஸ
62 are desc
us Ethernet eq

he long-term v
ital signal fro
er tolerance (M
sults in Fig.4:

ask (MTIE), ITU

imal offset 

DD)

D) 
D) 

ents were take

IE value for a
IE is calculate

ஸ୧ஸ୩ା୬ሿ	.				 (1

cribed timin
quipment slav

variations of th
om their idea
MTIE) mask 

U-T G.8262 

en 

 

all 
ed 

1)	
ng 
ve 
he 
al 
is 

 



 

o
i
i
s

F

T

e
V

w
i
s
i

F

m

F

As we ca
on SyncE inte
n specificatio
nfluence on o

summarized (c

Fig. 4. Experim

Time deviatio

TDEV (
error function
Variance (TVA

≅ ට ଵమሺேିଷ
where τ = nτ
nterval; xi –

sampling time
n Fig. 5. 

Fig. 5. Experim

In Fig. 6
mask from ITU

 

Fig. 6. TDEV m

an see from th
erface is 1E-3 
ons. This is 
oscillator and
collected) afte

mental results on

on (TDEV) 

µsec) is the 
n x(t). TDEV
AR). TDEV isܸܶܧܦ
ାଵሻ ∑ ቂ∑ேିଷାଵୀଵ
τ0 – observa
– measured 
e. The recieve

mental results on

6 is shown the
U recommend

mask, ITU-TG.8

he graphs the
smaller than i
the safe zon

d for the wan
er several hops

n MTIE 

expected shif
V is the squa
s defined withܸሺ݊߬ሻ ≅ ∑ ሺݔାଶ െାିଵୀ
ation interval;

phase(time) 
ed TDEV mea

n TDEV 

e TDEV input
dation. 

8262  

measured wa
it is recomme
e for temper

nder which ca
s.  

ft of signal p
are root of T
h 

ାݔ2  ,	ሻቃଶݔ
;  τ0 – samp
error at the

asurment is sh

t wander toler

33 

ander 
ended 
rature 
an be 

 

phase 
Time 

    (2) 

mpling 
e ith 
hown 

 

rance 

 

than
into 
show
trans

Freq

whe
strat

the r

 Fig.

deve
resu
rece
whil
mea
reco
the 
netw
sync

Con

Ethe
freq
tens 
tech
day,
Com
[6]
evol
to S
sync
from
netw
sync
dela
does
nor 

The measure
n it is recomm

the graph. T
wed excellen
sfer. 

quency shift

Frequency sh

ere f – measu
tum 1.  

Measured fr
results are sho

. 7. Measured fr

Taking into 
eloped for 4th

ults from syn
eived a synchr
le the maxima

ans that Sy
ommendation 

synchronizat
work along w
chronization. 

nclusions 

Experimenta
ernet is poss
uency transfe

of nanoseco
hnology that is
, but IEEE

mbination of s
is a key a

lution to all-IP
SDH/SONET 
chronization tr
m circuit switc
work. Due to t
chronization i
ay variation. O
s not fundam
standards whi

ed time deviat
mended, so th
That means th
t results on 

hift is calculatݕሺݐሻ ൌ
ured frequenc

reqency offset
own in Fig. 7: 

requency shift 

consideration
h generation 
nchronization
ronization sign
al offset is aro
ncE equipm
test and it is f
tion signal 

with payload 

al results sho
sible to achie
er performanc
onds. The on
s not capable o

1588v2 ad
synchronous E
answer for c
P networks.  T
transport netw
ransfer in com

ched to packet
he fact that Sy
is not effecte

One of the maj
mentally chang
ich describes i

ation (Fig.5) is
he mask (Fig.
hat tested Syn

frequency s

ated using ൌ ି ,  

cy; ݂ – fr

et is not great

n that SyncE t
mobile netw

n test are p
nal with 1ppb
ound 50 ppb 

ment is pass
fully capable 
through pac
without any

ow that using
ieve a very 
ce phase shift
nly disadvant
of synchroniz
ddresses thi
Ethernet with
carrier’s back
This precision
works. It pro

mbination with
t switched Eth
yncE is using 

ed by traffic 
ajor benefits o
ge the Ethern
it. The define

s much smalle
6) does not f
ncE equipmen
synchronizatio

       (3

frequency from

ter than 1 ppb

technology wa
ork needs, th

promising. W
b offset (Fig.7
(table 1.). Tha
sed the ITU
of transmittin
cket switche

y influence o

g Synchronou
high level o
s within a few
tage to Sync
zing the time o
s issue. Th

h IEEE 1588v
khaul networ
n is comparabl
ovides a secur
h the migratio
hernet backhau

physical laye
load or pack

of SyncE that
net technolog

ed layers withi

er 
fit 
nt 
on 

3) 

m 

b, 

 

as 
he 

We 
7), 
at 
U 

ng 
ed 
on 

us 
of 
w 

cE 
of 
he 
v2 
rk 
le 
re 
on 
ul 

er, 
et 
it 

gy 
in 



34 
 

the Ethernet allow such modernization. SyncE is fully 
compatible with legacy synchronization networks. This 
Ethernet solution provides considerable flexibility for 
mobile operators.   
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