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Overview =y 2/

= DR P OR ATIOMN

» Inthe last 20 years mainstream opto-electronics was driven by 2 goals:

— Increase transmission data rate based on 2 level modulation (recently PAM4 is
being considered, 4 levels)

— Reduce cost of transmitters
» The above objectives were achieved at the expense of:

— Optical links noise floor - Typical digital links operate at > 30dB above the
electronics shot noise limit.

— Linearity - In order to achieve lower cost modulation for two level states, linearity
was not a priority, because it was compensated with limiting amplifiers.

= |n contrast, wireless transmissions have taken the approach to use the
spectrum as efficiently as possible and apply high order modulation, lower
data rates and densely spaced carriers. This requires low noise and high
linearity from the link components.

= Therefore, in order to carry wireless signals in fiber the options are:
— High linearity, low noise optical components (APIC’s solution)

— Convert to digital using oversampling, inefficient data rate payload, added latency
and back conversion to RF as implemented by CPRI

. el he aptimal solution for future 5C
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What is “Fronthaul?” =Y 5/[ 0
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By Ludék Hrusék, CC BY-SA 3.0

Fronthaul: In a classic cell tower there is a base transceiver station
(BTS) adjacent to the tower. The BTS is contained in an enclosure
which requires significant power for radio amplifiers and environmental
conditioning. To improve system efficiency the BTS has been split
between the remote radio head (RRH) at the antenna and the baseband
unit (BBU) which is located further away from the antenna.

The RRH and the BBU communicate through a “fronthaul” link using
Common Public Radio Interface (CPRI) or Open Base Station

Architecture Initiative (OBSAI) standards. Fronthaul
: |
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The Fronthaul Link with CPRI S

DR PORATIOMN

Very efficient spectrally efficient high bandwidth OFDM radio signals with high-order
modulation are digitized with low-order modulation (QPSK) and serially streamed using CPRI
between the BBU and RRH and then demodulated to reconstruct the original OFDM radio

signal. =
iﬂ CPRIlis a

tradeoff to
leverage existing
telecom digital
transceivers.
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1. Graphic is from Antonio de la Oliva, et. al., “An overview of the CPRI specification and its application to C-RAN based LTE scenarios,” IEEE
Communications Magazine ¢ February 2016
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APIC Solution:
Directly Transmitted RF over Fiber _DIL

Instead of digitizing the RF signal (as in CPRI or OBSAI) transport the RF signal in
its native form via light through fiber — Direct Transmission of RF over Fiber (RFoF)

Radio Equipment Controller (REC) Quantiser 2M fevels In-phase Radio Equipment (RE)
S samples Modulation
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Channel coding, = b= - SYIC 3
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MIMO z||EE e ————_ Y [50°]
processing = ‘g »3 B %ﬁj— £ b, -%
Tx power control % é H 5‘: i % ; — —"'®— Antenna
& F Quadrature
BBU ; B e = e RRH
Digital Bafeband Processing Analog
L "

APIC solution: direct transmission of high order modulation RF signals over fiber

Radio Equipment Controller (REC)

MAC layer

e s 0 = @
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Issues with CPRI/Digitized RF for Fronthaul /Pl

« Bandwidth Efficiency:
* High order modulation OFDM spread spectrum radio waveform vs
CPRI encapsulated serial data
« Channel data rate vs payload throughput
« Bandwidth inefficiency impacts capacity and OPEX
« Latency
« Time required for CPRI processing vs processor speed
« Impact of increased bandwidths on CPRI latency
« Higher performance processors to improve latency impacts CAPEX
« OPEX
« Complexity of RRH and reliability in harsh environment increases
CAPEX & OPEX
* Power Consumption of CPRI processors
 Life expectancy of CPRI Transceivers with 100% duty Cycle
« CAPEX
» Complexity & Cost of RRH with CPRI
» Successive upgrades to match future bandwidth requirements
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Complexity: CPRI vs.
Directly Transmitted RF over Fiber _DIL
As ane DSPs FPGASs and DSPs
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ﬁ
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Conceptual explanation of REC/RE functional split! with CPRI

APIC solution: replace high performance processors and algorithms with high-linearity link
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o RERE—Y o B ()
Dol | » Minimal electronics and “*
APIC Solution A P,’Gl power consumption at the
With RFoF, Radio is consolidated in the BBU antenna
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Latency: CPRI Processing vs. _
Directly Transmitted RF over Fiber ]I

4G HARQ round trip time is 3 ms. 5G may decrease the round trip time

BBU Propagation Processing
in Fiber in RRH

a) CPRI Processing in | P) Signal # c) CPRI
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APIC solution: no time needed for processing; direct transmission of the RF signal

a’=0| b’)Signal Propagation | ¢ =0
in Fiber _ ,
Rédigqlu-ljmem(onrmllcrlRE(‘) Total tlme e b
= |: RRH Time saved (a + c) can be
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== e of the link; 10 us = 1 km

APIC Solution  APIC

Less Processing Time = Longer Fronthaul Reach
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CAPEX: CPRI vs. _
Directly Transmitted RF over Fiber ]I

CPRI digital sampling of high order modulation RF signals requires expensive
processors such as FPGAs and DSPs

Radio Equipment Controller (REC)

CPRI . i FREAS o . - SIS Example FPGAs:

.| o o -;‘g BREE RN bits E User data, synchronisation and ;_g_ . —
Sﬂﬁ“g’% B yye] T |3 S : - Altera Stratix IV GX = $2,610
- MBIO H %’g = 1 i 1] pe— R 0 g g% o . -

SR MBSESTAN | | ISP N Altera S”?“X}’ $5,700
BBU DigimlBasebnndlf’f]cessing — : aes Analog RRH ) Altera Arrla V B $1 ,6352

SFP Optical Transceiver ~ $150
Complex and expensive!

APIC solution: Less than half the cost of CPRI link, interfaces and processors

Smemm o APIC Optical Transceiver < $500 (ROM)
BBU [ RRH . .
< o Simple, low power, wide
|| — Q) bandwidth and modulation
APIC Solution APIC independent — future proof

Consolidation and virtualization (i.e. SDR) of all
radio functionality in the BBU reduces the
complexity and cost of the electronics
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OPEX: CPRI vs. _
Directly Transmitted RF over Fiber _RPIC

* More electronics and power
required at the RRH for CPRI

P TR— processing and signal conditioning
MACayer g &1 | H CPRIlink g ° i Y
Solutio% e e e Transceivers operate at 100% duty

Sz C&M multiplexed flows

W
SEiG©

cycle; impacts power consumption
and lifespan

« Greater complexity for reliability,
diagnostics and repair

* Need to future bandwidth upgrades

1fs Mbits A
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ESINT N o 2MAsRbits
gs(l 110 every 260.416ns |
&%

BBU T
Digital Baseband Processing

mierleaving
Backhauling | = | modulation
MIMO

BRI

Antenna

APIC solution: Radio and most all electronics consolidated in the BBU
* Less electronics and power required at

e the antenna.
BBU [ e RRH » Transceivers only operate when RF
e | | maie |1\ —— . " " () signal is present; energy efficient
Ap": e « Simpler, more robust, easier to diagnose
APIC Solution and repair

« Same transceiver works with 1.25 MHz
and 2 GHz signal bandwidths
Consolidation and virtualization of all radio functionality in the BBU
conserves power and improves overall reliability and maintainability
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APIC’s Technology =y 1|~
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Is a commercial application of high performance analog transceivers developed
over a period of 10 years for the Department of Defense.

» Ultra low noise lasers operate at shot noise levels, below -160 dB

» Highly linear and responsive photo detectors, above 0.9 responsivity
 Links have a high dynamic range, above 112 dBHz?3

* Links have a high IIP3 of 36 dBm

APIC 4 GHz Direct Mod
transmitter developed for
the US Navy, used for
testing.
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IIP3 measurement for the RFoF link at 1 GHz.

Laser RIN (noise) of -170 dB measured from Similar results were measured at 3 GHz.

0.5 to 20 GHz
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APIC Solution: Direct Transmission
of OFDM Signals on RF-PON AL

Consolidate the Baseband Units (BBUs) for multiple towers (macro-, micro-,
pico-cell clusters) in centralized location — BBU “hotel” or “pool”

(Ccop))
RRHH)
(Q% ) T
@D AR
w.rhl\ﬂu]

((c ()
- [ 4
Macro cells Mini/nanoffemto-cells

* Improve network efficiency, timing and synchronization

« Significantly lower CAPEX & OPEX costs

* Reduce number and locations for maintenance calls

* Prepare network for emerging 5G and Cloud-RAN deployments

RF-PON based on
ITU grid of 50 or
100GHz separation

ointto poinr
fII:r ll ks
100km

]ength

PON

BBU (data center)
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Preliminary Testing Validates Directly A
Transmitted RF over Fiber Technology

Anritsu MS2830A 6GHz Signal analyzer with: 6GHz Vector Signal Generator; bandwidth
extension to 125MHz; software modules for LTE-Advanced |Q Producer; Vector Modulation
Analysis; and LTE-Advanced FDD Downlink Measurement.

p— . |

| & |
'! s CF I
FE - iC
= 'vr1-|| P
2 T
: =S E e
X 3288
I "I-‘J - - G I

DM Transmitter 25 km SMF-28 25 km SMF-28 20 km SMF-28

DC-5 GHz Photo Detector

* For all testing we use E-UTRA Downlink Test Model 3.1 (E-TM3.1) with 64QAM

modulation, initially with a single 20 MHz carrier and then with 5 aggregated 20MHz
carriers for 100MHz transmission bandwidth.

 Performance metrics:
« Total EVM (rms) < 8%
« ACP (ACLR) = -44.2 dBm.
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Preliminary Test Summary:
Single 20 MHz Channel

Pl

DR P ORATIOMN

* One 20 MHz, 64QAM OFDM signal transmitted over 25 km of fiber
= 3GPPLTEACLR Spec: <-44.2dBm <+ 3GPPLTE EVM Spec: < 8%

/1 MS2830A I [ /1 MS2830A 8 )|
MKR ~ @ RBW  100kHz | @ ATT 4dB Carrier Freg. 1000000000 Hz  Input Level 3300 dBm  Trigger SG Marker
1 998.800 000 00 MHz -39.84 4Bm SWT  30ms
Test Model E-TM3.1 ATT 4 dB Delay 0.000 ps

Channel Bandwidth 20MHz
-19.0 Result Measuring
MKR Q

Reference Level -19.00dBm 1001 points

Frequency Error 0.16 Hz
0.000 ppm
Qutput Power -21.82 dBm
o Mean Power -21.82 dBm
Physical Ch:;"SB(IjH Total EVM {rms) 072 %
Subframe 0 Total EVM (peak) 242 %
A8 0 Symbol Number 6
Subcarrier Number 1179
! 0.45529 Origin Offset 5423 dB

1 RE 0
'r'lrhlu‘im‘."ll!fﬂ'-.m" w"ll‘ Subcarrier 1}

Symbol 1

Wl

| | ‘
i ﬂ.lh{W l.hl\'l-’W""Jr"ﬂwll""']“ﬂ'l[b“\'-.IJ”p,I‘If*"l"li{\”\'ﬁ"‘*"v; 'ﬂf‘ﬁ“ﬂlﬁh"F ‘q‘#‘l"lllmﬂ'}'u"lv y *"i'f\'|1J-1Qf“4w1If"\V|‘r‘|'rﬂ\\fp‘"p".l'r"'M""#-“‘F"“'fﬂﬂ}'ﬂﬂ'w“’“‘ 8 oudean Time Offset 61237620 ns
EVM vs RB

-499.0

-108.0 MKR Subframe 0 PDSCH Modulation 64QAM
REEL] L2 uz Resource Block 0 PDSCH Power 0.005 dB 52567 dBm

PDSCH EVM (rms f peak) 073% | 473 %
Start 950.0MHz Stop 1.050 0GHz PDSCH EVM [%]

Adjacent Channel Power { Carrier-1) - Offset Ch Power
Carrier-1 2156 dBmi18.02MHz
Offset Freq (MHz) BW (MHz) dBe | dBm dBc |/ dBm

20.000 000 18.016 00 L1 45.81 B737) WM 4806 ( £67.61)
40.000 000 18.016 00 L2 46.15 ( 67.71) U2 46.43 ( £67.99 )

Resource Block

LTE Downlink Ref.int Pre-Amp Off

Measured ACLR is -45.81 dBc Measured EVM is 0.72%

Full report is available at http://www.apichip.com/rfof-
5-lte-advanced-carriers-70km/
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Preliminary Test Summary: _
Five aggregated 20 MHz Channels G

= 5x20 MHz, 64QAM OFDM signals transmitted over 50 km of fiber
= 3GPPLTEACLR Spec:<-44.2dBm <+ 3GPPLTE EVM Spec: <8%

VARTEPEETY Spectrum Analyzer(3GLTE Downlink) IS [u] /1 Ms2830A I [
999.000 000 00 MHz 42.19 dam @ RBW 100kHz @ :IJT 33:2 Carrier Freq. 1000000000 Hz  InputLevel 3300 dBm  Trigger SG Marker
Test Model E-TM3.1 ATT 4 dB Delay 0.000 us
Channel Bandwidth 20MHz
Result Measuring
MKR

RE o

Reference Level -19.00dBm RMS 1001 points
-19.0
290
Frequency Error 1.28 Hz
0.001 ppm
Qutput Power -20.41 dBm
. Mean Power -23.06 dBm
Physical Channel B I P Total EVM (rms) 258 %
PDSCH * - r
Subi o Total EVM (peak) 8.09 %
R:) rame |:\ Symbol Number 13
| h - Subcarrier Number 1182
0.46452 Origin Offset 4529 dB
Q@ o4s677 Time Offset 62469795 ns

EVMvs RB

Subcarrier 0

Symhbol 1

|'|!'J"H e ‘fﬂlﬂ‘wﬂ"\ll'ﬂ"r‘ff"",".‘ ’Nﬁwﬂ}*-'*M"-.m,Wf"‘k“ﬁwn‘\Wr" M‘]-“|’l||,4rt','»]u"“ml"lj'h\\vﬂn,rgm' rm\‘u'm by

j .

Start 950.0MHz Stop 1.050 0GHz
Adjacent Channel Power ( Carrier-1) - Offset Ch Power
Carrier<1 -2261 dBm/18.02MHz
Offset Freq (MHz) BW (MHz) dBec [ dBm dBc |/ dBm
10.000 000 1.800 000 L1 3101 ( £362) W 3376 ( £56.37)
30.000 000 1.800 000 L2 3234 ( $5495) U2 3372 ( 5633 )

h

-109.0 MKR Subframe PDSCH Modulation BAQAM

-119.0 Resource Block PDSCH Power 0.040 dB £53.859 dBm
PDSCH EVM (rms { peak) 278% 1 1970%
PDSCH EVM [%]

500

Resource Block

AR

LTE Downlink Ref.Int Pre-Amp Off

5 Adjacent 20 MHz Channels Measured EVM is 2.58%

Full report is available at http://www.apichip.com/rfof-
5-Ite-advanced-carriers-70km/
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For More Information ADIC

= Refer to the APIC website: A [ 8] [ =

www.apichip.com

www.apichip.com

= Additional information on the direct transport of 4&5G

Radio signals over fiber:
http://www.apichip.com/5g-c-ran-fronthaul/

A~

= Follow APIC on Linkedin:  [T§

= For Business and sales contact Bob Walter directly at:
walter@apichip.com

= For technical questions contact Anguel Nikolov at:
Nikolov@apichip.com

© Copyright APIC Corporation 2017 16


http://www.apichip.com/�
http://www.apichip.com/5g-c-ran-fronthaul/�
mailto:walter@apichip.com�
mailto:Nikolov@apichip.com�
http://www.apichip.com/�
https://www.linkedin.com/company/1358624/�

	A Business Case for Employing Direct RF Transmission over Optical Fiber In Place of CPRI for 4G and 5G Fronthaul
	Overview
	What is “Fronthaul?”
	The Fronthaul Link with CPRI
	APIC Solution: �Directly Transmitted RF over Fiber
	Issues with CPRI/Digitized RF for Fronthaul
	Complexity: CPRI vs. �Directly Transmitted RF over Fiber 
	Latency: CPRI Processing  vs. �Directly Transmitted RF over Fiber 
	CAPEX: CPRI vs. �Directly Transmitted RF over Fiber 
	OPEX: CPRI vs.�Directly Transmitted RF over Fiber 
	APIC’s Technology
	APIC Solution: Direct Transmission of OFDM Signals on RF-PON
	Preliminary Testing Validates Directly Transmitted RF over Fiber Technology
	Preliminary Test Summary: �Single 20 MHz  Channel
	Preliminary Test Summary: �Five aggregated 20 MHz Channels
	For More Information

