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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

1. Motivation
= Phase synchronization is needed by several mobile LTE-A features:

=To increase spectral efficiency by base station cooperation
with interference cancellation and radio frame alignment.

= To introduce new services like Multicast, Broadcast or Location based services.

The features and their related synchronization requirements are often not fully specified by 3GPP yet.

= Deployment of aggregation / mobile backhauling network is ongoing due to traffic growth.
Therefore, mobile synchronization performance requirements should be known.

DT way:
Own synchronization testing on one of the most challenging phase synchronization requiring features:
= LTE-A CoMP Joint Processing.

= Existing JP equipment from EASY-C project has been used.

= Testing has been made jointly by FMED Bremen, T-Labs Darmstadt, Heinrich-Hertz-Institute
Berlin and Jacobs University (former IUB = International University Bremen).

= The results have confirmed synchronization performance requirements from existing 3GPP
contributions and own DT assumptions.
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

2. CoMP Joint processing introduction

CoMP = Coordinated Multi-Point Transmission and Reception
=> Feature: Coherent Joint Processing (JP), aka “Network MIMO”

CoMP - Joint Processing

= Transmission and/or reception from/to geographically
separated antennas.

= Traffic and control data transfer between eNB via X2
interface (logical interface).

Idea of JP is communication between one user equipment
and several eNB sectors at the same time.

Synchronization need:

= Phase/time synchronization to synchronize
the radio frames to be sent = Symbol timing

= Frequency synchronization for BBU
= Sampling frequency, CPRI frequency

=  Frequency synchronization for Radio Head
= Carrier Frequency

...'Il........................................>|
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Impact of Synchronization Impairments (1) eNB

on LTE-A CoMP Joint Transmission Performance & |-IEeu 1<
3. Synchronization need of FDD base stations with CoMP Joint Processing ©

Type 1 Phase/time synchronization 8 2 Frequency synchronization 3 Frequency synchronization
for Base Band Unit (BBU) for Base Band Unit (BBU) for Radio Head (RH)

Needed for To synchronize the radio = Sampling frequency: For air interface frequency
frames to be sent in time samples the OFDM data Avoid inter-carrier interference
for Joint Processing sent and phase rotations in inter-
signlrom ot 4 [T 6755 1.2 | = Basis for CPRl interface cell joint 1™
R o - clock channel
Sardfomeal6____ = | = Chiprate matrixes 0906‘ AT

Synchronization 1 pulse-per-second (1pps) Sampling frequency: Radio Frequency
signal 38,4 MHz, CPRI=1,228GHz e.g. 800MHz, 1,8/2,1/2,6GHz

Synchronization [1] Two-way time transfer 2048kHz or 10MHz via [1] Physical layer sync: SyncE, E1, SDH;
supply options protocol (e. g. PTP); [2] GNSS | [2] Packet layer: ITU-T Frequency profile for PTP; [3] GNSS

NSSReElmERA  Time Error: [1] Constant [ns] Time Interval Error (TIE), Maximum Time Interval Error, Time
measurement [2] Noise: Max. Time Interval Deviation (TDEV); Packet methods: Result is measured as
specification Error, Time Deviation (TDEV) frequency deviation in ppb (parts-per-billion) + add. metrics

Impairments Symbol Timing Offset Sampling Frequency Offset Carrier Frequency Offset
acc. to 3GPP STO SFO CFO

..!]_2........................................|4|

OFDM = Orthogonal Frequency Division Multiplex, SyncE = Ethernet Physical Layer Synchronization acc. to ITU-T G.8261/2/4
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

4. Project EASY-C and DT lab activities

/—\ EASY-C stands for “Enablers for Ambient Services and sYstems - Part C: Wide Area Coverage”
- = multi-vendor and multi-operator R&D project, sponsored by the German government
EASY-‘ = focus on base station cooperation (i.e. CoMP)

= field trials show LTE-Advanced Joint Processing running Project partners:
McazeE—Lucent@ - - = o= q: = = ermicsson = @ vodafone Quailcomw®
B SIGNALION —— =S - COmAEen’ ELD) DniEeiT ""':'T"'“E'“ HR | rodor! Network Agency
ubidune T S rrannnotar actix -~

Heinrich Hertz Institute

= o EI} . EASY-C has been chaired by Deutsche Telekom Group together with Vodafone.

= Based on EASY-C results DT internal studies on realization
including the needed backhaul synchronization support have been performed.

- uw :I: « DT Synchronization impairment lab test with EASY-C test system:
= Two weeks joint measurement campaign with 4 co-workers
= [ test scenarios, 50 test cases, (40 a 5 minutes, 10 long-term)
= DT-FMED: Sync impairments / T-Labs: eNB + UE operation / HHI: UE measurements
= Forlab testing: 3 of 50 real recorded EASY-C fading scenarios were used

I-.I-.I....l...l.l..l....-.-.I..-.I.I-I-..-l->
UE = User Equipment
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

EASY.C Berin feld setup

Throughput
) clr 2y — \ data
- Ve ] Fading
) X Scenarios
i \ ¢ —»'—
’ : NB #1 %
- AN = Fading sce- — ] ¢ \4 Y
narios were ._L>'_> 384MHz HBBUP! RH » UE
i e recorded for ! 5
Sy .
9§ : dedicated ¢—>@> 20cH:
@g UE positions | Red: Offset, Wander generation for eNB#1
|
v
—» 1pps ¢ eNB #2
H Tpps x*100 —» Frameclock sl * 38,4MHz & BBU P RH > UE
SPS 307MHz = oo A Channel
isci- . . Emulator
! IF in Riad 2,
ph;sd H38,4MHz X1 A0 — xB |8 x4 Tmz,aamm—- pEl | co— G4 |
- %10 H1,228GHz|—> GPRI clack 10MHz
| 2,6GHz * fraquency .
External Base station internal - Same base SJ[a'thﬂS
e . I
= HHI has modified real base stations for EASY-C = Same user equipment S
. . . . u u
= External synchronization signals derived from data

= Recorded fading scenarios used

GPS +Rb were used: 1pps, 38,4MHz, 2,6GHz = Sync impairment generation: Offset, Wander

..!ll........................................>|
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

Detailed lab test setup

1pps
X § R&S SMGU
)5 qp <
/o =
O R&S SMHU
1pps
PPS L ond CPRI & Radio
unit head
JDYU ONT503
PROP
Sim 8
384 — Fading
Channel
R&S SMGU > emulator
Reference Reference: Cesium R&S SMHU
10MHz c 10MHz as basis for frequency and 1pps
distri- S 2*ONT503 & Counter to generate synchronous 1pps
bution A 10MHz

10MHz frequency offset & wander generation
Measurement of modified frequency signals for BBU & RH
PROP Sim8 Fading channel emulator

bit error rate, SNR
- Impact of Synchronization Impairments on LTE-A COMP JP -

Data via Local Monitoring Terminal (average values every 10ms), Throughput,

Deutsche Telekom at ITSF 2012

Incl. LMT
meas. SW
and Chunk
viewer
respectively

UE-3
GLTE

User
Equipment
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measurement
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Results:

Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

© Phase/time synchronization: 1pps Offset only =>Symbol Timing Offset (STO)
e o 0. Effect of 1PPS offset = Offset greater than OFDM cyclic
[z {BBU RH U] prefix (4.6 ps) can lead to significant
$ —{ 1207 throughput drop
oo . 100 = Results differs between master and
e S .- slave UE
¢———{ saaH: = BBU—+ BH UE|| = . .
BE vl & £ | +sus  ofiset ® Resuylts differ between different
| E fading scenarios (not shown)
1pps time offset generated with 7 = depending on position of UE
JDSU ONT-503 #1 for eNB #1 only. 20 related to serving base stations
0 sectors
! r__ Scenario 4a: 1PPS offset anly (Master) f 1 Scenario 4a: 1PPS offset only (Slave)
08 {r‘_ / / / 09 /// —==TC24: No Impairm|ent /
03 b ng = TC25: To{500ns) ¥
/ .f f',r / / —TC27:To{1.5us)

= TC26: To{2.5us)

— TC28: To{5us) ’/
V4

=1
P

/A
[/ limvaiman

=]
>
=1
=]
——

e distribution function
[ ——

Cumulative diséribution function

o _>L +50s ™ +2,5us +,5us I//:,? /\I +500ns | >Zi / r?(

0s / \Jumulatlve Dlstrlbut|on Function (CDF) p— //

/ Examples only, results differ dependlng on different fading scenarios

0g ’fo/- % 3|0 44'05/ _“io’/ 6‘0 7‘0 e‘;o 0 20 :!0 m 50 M lo s‘ao 90 100
Throughput (Mbps) Throughput (Mbps)
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

© Phase/time synchronization: 1pps Offset & wander => Symbol Timing Offset (STO
. - — 140 ffect of 1PPS offset and wander . 0DS Wander aleitUde:
— UE]| 120 Same offset For offset and current wander
N ._E_.,|—|Z Different wander ; )
c—ﬁ ERed: Offsetj’\if:ergenevatinnfnreNBﬂ —_ 100 amplitude amplltUde' 4’6MS bUdget
% | eNB #1 %E' 60 - _ COUHTS |
o @ [Ug] offeet 1 pps wander frequency:
T i S 60 Influence seen, physical
=]
E vl Wande”  background not fully
1 Pps time offset and wander generated understood, further
with JDSU ONT-503 #1 for eNB #1 only. 50 . DL
investigations needed.
0
1 Scenario 4b: 1PPS Offset/wander (Master) 1 Scenario 4b: 1PPS Offset + wander (Slave)
= | T
0.9 .r\}\\\'\i\ /——"’!;_,:?:;_T_f /_:;?— 0o | T TC24: Nolmpairment
s ) “__\Na“de‘\ . / // s L — TC30: {1us)/(1us-pp/0.01Hz)
o Lo\t L N 2 ——TC31: (1us)/(1us-pp/0.1Hz)
"gw gn\’\se\* / “\Qs ,_/’J?’.S& /{r/ o7 — _TCS4:(ZUS)/(ZuS—EE/O.1HZ)
an ‘Z\l\// ‘“a(\g_—// /isé /‘%f §06 | T TCE3 2us)/ [dus-ppf0.1HzZ)
éo:s [// er‘xf:\)/ﬁ‘/’ //_;‘b? /‘f/(":{’ éo:ﬁ — TC35: (2us)/(Bus-pp/0.1Hz) //,;(/
2 & & /] 2
204 50 = @

o/ g Cumulative Distribution Function (CDF) Y

P

1 7 Examples only, results differ depending on different fading scenarios j

0 I
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

O Phase synchronization budget calculation for CoOMP Joint Processing™) => Symbol Timing Offset (STO

0
P 4?#5
g Signal from cell A _ ] l ‘ B7 us | ‘ B7 45 | | 87 us (____
qv) o 1
(- Signal fram cell B_-| 67 us ‘ 67 45 | 67 us ’— ______
E Signal from el | 67 us | 67 us | 67 us ’—"'
X —  — — — —  —
L Ad<d s Adeh s A<t fus
lnstantaneous delay spread
0 L00 200 300 400 500 600
Frame time error | Remaining budget | - Max. Inter-site-clistance for Intar-site distanca
CoMP dacreass
+0.2ps 3.2 960 m 1%
+0.5ps 2.6p1s 780 m -28%
+1.0ps 16us 480m -56%
+1.5ps 0.6ps 180m -63%
nw

- Impact of Synchronization Impairments on LTE-A COMP JP -

.I..I..--l-l--lll.ll..-l.l.-l.l..l.-.l.---l
*) As presented at WSTS2011, see reference [1]

With max. time error £500ns the re-
maining max. delay difference is

jl?erﬁlgsth of the 2,6us =>max. ISD for JP is 780m
Cyclic Prefix Spatial distribution of delay difference [ps], IS0 750 m
(maximum B | RN 77777
el N\ 7
1000 \\,: ::_.f %
1.0 ps
=Budgetformulti |
path propagation| £
decay time
500
—_ ‘I O us 1001 /W" {\%&
= Budget for time '/ ///" \&\\ \.
1500 ;
|eSeror7r8€(;ated tO 1500 1000 -5 0 00 1000 1500
m  [m]
+ 500 ns

=2.6 us

Delay difference up to 2.614s

ISD = Inter Site Distance

4|
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Results:

Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

Cumulative distribution function

@® Frequency synchronization for Base Band Unit (BBU)

=>Sampling Frequency Offset (SFO)

Effect of Frequency wander and offset for BBU
140
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: S 100+ Offset
‘._,_m;T £
'Hed Offset, Wander generation for eNB#1 g’ 80 1
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

@® Frequency synchronization for Base Band Unit (BBU) => Sampling Frequency Offset (SFO)
x 10" TC16 CoMP-23u Master
5 ‘ ‘ ‘ 100
= Higher wander amplitude S
£ =>higher system ) 2
é’ performance degradation = s
CC = Figure right shows: % =
Throughput degradation £ g
really follows the wander £ -
= SIEUS Wa(\)/el Wgn?er 0 50 100 150 200 250 300
phase ~U leads 10 Time in seconds
maximum throughput ‘10" TC16 CoMP-23u Slave
3 T T T 100
2 s
= Summary for SFO: 3 Z
Less impact compared to o S
1pps impairment (STO) § S
a -2 \ \ \ \ \

0
0 50 100 150 200 250 300
Time in seconds
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

=>Sampling Frequency Offset (SFO)

Explanations:

@® Frequency synchronization for Base Band Unit (BBU)

Quadrature

Quadrature

Scatter plot Scatter plot
1 Ir o » s,
0.8 J
0.6 J
0.4f | 05
L] ' ®
0.2¢ E g
o *-!% 0
02} &
. . 1 L
i | 05
0.6
“l N=64, Oppm N=64, 200ppm
. - -1 ) ] Soe - o |
e B R R
In-Phase In-Phase
Scatter plot . ‘ Scatter plot |
1f e . . o .
1t “:t..,:i.‘an:‘;f}.?‘,:. . ) ":-
o RETELT Y
-~ o - ] ” ouep o
f3 s § .-, ,{:f’ . x’c". .:{.35 -:“‘.
* & o ... ° . ‘. . .
v °3 J 5/ 05) .. . ".t;:-: %{ . :’0: .:.q.: .. .
..;.~. . ° .: K
-0.5¢ 1 . P oo % o
- -17 ..v_.. “..:.. .G‘.. r
1. N=64, 600ppm . N=512;-600ppm
e ) 1.5F, ‘ ‘ ‘ ‘ ‘ ‘
| 0.5 0 0.5 1 15 1 05 0 05 1 15
In-Phase In-Phase

Constellation diagrams showing decision

points with
= 64 sub carrier and SFO=0/200/600ppm
= 512 subcarrier and SFO =600ppm

= SFO leads to amplitude and phase
distortion of sub-carriers and induces
additional Inter-Carrier-Interference (ICl).

= High clock offset leads to high distortion

= Influence depends on number of sub-
carriers T =>Bit Error Rate 1

= Very high frequency offset needed
to degrade the signal
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

© Frequency synchronization BBU & Radio Head (RH): Offset only
140 O or (BBU) and BT = More realistic impairment

l eNB #1 for (BBU) and RH .
I 1207 scenario chosen:

(Scenario 1a)
s84MHz H>BBUP RH e » UE
. i +
’—:'.% T 100 BBU + RH

EHed: Offset, Wander generation for eNB#1 = Significant deg radation Of

S gy S E CoMP performance even

$——— [ sz HwBBU RH H s UE o | at low frequency offset -

| e I N most significant effects to
be identified.

=> Carrier Frequency Offset (CFO)

Results:

Throughput (Mbps)

10MHz
0
GDF plot (Master) BRU+RH Offset only: +0,5ppb ,+1ppb , +3ppb (Scenario 1a) GDF plot (Slave) BBU+RH Offset only: +0,5ppb ,+1ppb, +3ppb (Scenario 1a)
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£ 06 ;? R 23u7| Frequency 500 T H-f ;f ]
2 g ] i fl ; / / ----- 400 offset; o HH j H i /
=05 £ L A R Ey S A (- 420)  OopRE A ': /
= b [ ! ( ,f 5 H i f 5[ i /
S 04 ;1 ¥ / o 23u | Freguency o U4 H 3 7 H
2 ] f{ j ,f .......... 400 offset: Z it it , :'I ¢ /
E 0.3 = l‘l J; /' 7 / e 1 9] + pr c—; 0.3 :.;. Ir!. J .: ’;'
S H H ] = .1 H 5'
S £/ /} / o P | Z oz i : :
o H P —*— 400 D P Fi 2 .

01 H i { Y +3pph R i ; J

A §rw y
P R N . —r ——
0 10 20 20 40 50 60 70 20 0 10 20 30 40 50_ 60 70 80 90 100
Throughput in Mbps Throughput in Mbps
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Impact of Synchronization Impairments

on LTE-A CoMP Joint Transmission Performance

© Frequency synchronization BBU & Radio Head (RH): Wander only => Carrier Frequency Offset (CFO)

140 —
5 : BBU RH H-{e—f>f UE
-+ [ - 100
=S E 2iGHz 41‘ =z
% | Fed: Offset, Wander generation for eNB#1 % a0
o | L
=4
t——— (e HelBaul] AH P Ug]| £
Channel 40 7
P 26GH Ernulatar]
——{ 266 |- ”o -
10MHz
O —
CGDF plot (Master) BBU-RH Wander only: 10ns/50ns/100ns, f=0,01Hz
_ 09 p, g A v |
2 08 *J[’f! £ 23u / _igu} Nol s
L T = — iment | S
IE 07 / xf .?. " If 400 / / _422 o Impairmen u%_
5 ‘_f_jf‘] Oq_/ / / ==:23u | Frequency =
'-gO.Ei 4 —=:400 ¢ Wander 2
=05 4 A / /] m=rgo) 1008/001Hz | 3
g 0'4 / f}% ! J, / r’l """ 23u Equency g
YN S AN S S N S S /R | ander
£ | [ /] [Different results for different | | ™ s | ongf00tHe | 2
= i T =
= |/ /i }fading scenarlos || 2o Froguney |
S5 02 pE —e—40g - "Wander 5
© / y4 } ! / +42 100ns/001Hz | S
J 1 ,/' _,/
10 20 30 60 70
Throughput in Mbps

=
w

e

= O

o e D
= o

-~ <O

(=]

w

L]

Effect of Frequency Wander (p-p) =
for (BBU) and RH
(Scenario 1b)

The sinus wave wander is
generated with certain peak-
to-peak value and frequency.

It leads to sinus wave fre-

guency offset ranges, e.g.:
100 ns(p-p) - 2:mw-0.01Hz

= +/-6,3 ppb
which reduces throughput
significantly.

GDF plot (Slave) BBU-RH Wander only: 10ns/50ns/100ns, f=0,01Hz

AN /

[
/

.- 7 /
i1 7
/ Different results for different
[_};f /) ' Aading scenarios. |
.r‘r{.--j ;‘;--".“.l'
A
0 10 20 30 40 50 60 70 80 90 100

Throughput in Mbps
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

© Frequency synchronization BBU & Radio Head (RH) => Carrier Frequency Offset (CFO)

Explanations:

Influence of radio frequency (e. g. 800MHz / 1,8GHz / 2,1GHz / 2,6GHz):

= Inter-carrier Interference (ICl) is related to carrier spacing (15 kHz for LTE)
and therefore leading to more challenging requirements at higher transmit frequencies

frequency.

Channel estimation error for known pilots
Effect of CFO can be compensated

= Phase rotations within the channel matrix which increases with higher frequency offset relative to transmit

10 F-s====Z==Z==ZzZE=Z=Z=Z=Z=Z=Z===¥I==—=Z=Z==7

Signal to Noise Ratio per bit [dB]

by channel estimation methods S e CFO = 50ppb

* Aniterative joint estimation basedon ¢ 1° C‘“_ Cho — 0 appmtmeampensed
Newton-Rhapson method for b e P — S CFO = 0.5ppm(uncompensated)
frequency offset and channel esti- % 10"
mation algorithm is proposed. g >

l"a 10_2 ated

Samip Malla, Jacobs University Bremen, g
Master thesis with Deutsche Telekom: 3
OFDM Synchronization in Single-Antenna, 10 : :
MIMO and Multi-User Wireless Systems, Corooooooor-o--—-compensated ot -
Bremen 08-2012 [2] 10'40 5 110 s 55 5=

NMSE= Normalized Mean Squared Error, CIR= Channel Impulse Response

...'[}........................................|4|
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Impact of Synchronization Impairments
on LTE-A CoMP Joint Transmission Performance

For performance specification:

= As criteria for max. synchronization impairments
=> Need to decide for a dedicated throughput degradation or bit error rate value (e. g. 10%)

= Recommendation to specify test fading scenarios for a 3GPP based test bed

© Phase synchronization impairment for BBU => Symbol Timing Offset (STO)

= Phase synchronization budget based on CP length 4,6us with the result: Max. time error <+500ns
for a inter cell distance of 780 m can be used. Related 3GPP contribution [3] can be confirmed.

= Wander should be considered in addition.

® Frequency synchronization impairment for BBU => Sampling Frequency Offset (SFO)
= |ess critical for Joint Processing

© Frequency synchronization impairment for RH => Carrier Frequency Offset (CFO)
= Critical Joint Processing performance degradation seen
= Can be reduced via joint channel estimation

= Max. frequency offset 25ppb acc. to 3GPP contributions [3] may be sufficient, depending on channel
estimation method.

...T........................................>|
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© Frequency synchronization BBU & Radio Head (RH): Examples  => Carrier Frequency Offset (CFO)
N~ —

Scenario 1la: Frequency offset for reference of BBU and RH (23u-Slave)

0.2ppb
Sppb

Results:

Throughput (Mbps)
8 8 2

Tppb
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Time/Phase Synchron

[1] Helmut Imlau, Heinz Droste

for LTE-Advanced systems including CoMP,

Presentation at WSTS 2011, Broomfield( CO, USA), May 2011.

Deutsche Telekom
Time/Phase Synchronization Requiremenits
for LTE-Advanced Wireless Systerns including CoMF

Deutsche Telekaom atWyST S 2011
Helrmut Imnlaw, Heinz Droste

Life's for Shar ng

TirnefPhase Synchronization Requirements
for LTE Advanced Wireless Systems including CoMP

CobP-IP timegphase synchronizaion requirernents [2/5)

Firstpararneter detived from LTE[Release 8] siqnal structure
= LTE muftiplexing methad is OFDM [Orthogonal Frequency Division Multples).
= High data rate streams are split up and wansmitted on several subcaniers,
the swmbol duration is long (BT ps).
= Before each OFD'M symbol transmission, a "Cwelic Prefi [CP) is transmitted.
Itis acyelic extension of the following OFDM symbolreguladyforLTE : CP =4 £ ps.
= Requirermentfor CobAP-IP: Delay difference of the different signals mustbe smaler
than the length of the CP to avoid inter-smbol inteference,

Exarnple for well-running CabdP-1P:

5
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shratfemenc B I BT i I ™ I
—H M— — . — —
i s i By iLd By

Budget

r

P ergh ==

A

= LIE< lFm 3rCpham Grc - Dauechs lnkbonaMEIS700

[ SR

H

Tirne/Phase Synchronization Requiremants

for LTE Advanced Wireless Systems including ColP

CobP-JP time/phase synehronization requirernents [378)

In addition: Mulfipath propagaton
s CoMP-JPis needed forurban areas such as cit centers,

=In urban areas multipath propagation has to
be considered.

The following figure shows: Typical decay time is 1.0 ps

Insantancoos delay spoeacd

= [treduces the budgetfrom 4.6 psto 36 |.|.s

Budget

P ergh =x=d

\

A

- LI |m 300 pham ee M mrm - Duwazhs llkCATIMGISDI

Tirne/Fhase Synchronization Requiraments
tor LTE Advanced Wireless Systems including ColP

CoMP-P tirme/phase synehronization requirernents [4,/8]

Calculation using the 3.6 jus budget:
= Example: One mobile phone commmunicates with 2 cells.
fa 4

=Worstcase scenatio with largest delay diff erences between two sites
=~ If the usertermina position is nearly inline with the site positions.
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— (qv] CoMP-JP time/phase swnchronization requirernents [578] S aty
@ 2
.’l‘ - To operate CoMP Joint Processing the following time budget calculation can be used:
- = = Inthatcasethe path difference A i3intherange of the Inter-Site Distance [150] and Budget Budget
9 <E the propagation delay difference At can be calculated with the following farmnola: A 4.6 Py =Length of the Cwelie Prefic=maxirum budget -
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