Synchronisation Challenges in Next Generation RRUs ralkkon

7
| nmm
©2018 Rakdn/lifited



ralkkon

Contents

Traditional Base Station Sync
Evolution of 5G and Front-Haul technologies
Sync Architectures for next generation RRUs

Air Interface clocking for 5G RRUs




4G Base Station Clocking functions ralkkon
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Traditional Clocking Implementations

/
-

Processor

/ Network <
Interface — Subsystem
Processing Base Band
:r RF PLL
CPRI
A
ADC & LNA

CPRI

Syn
PaCkeltPZ( Timing & Sync

External CIockE

\ , w BBy

DAC & PA

\ 4

A A 4




Next Generation - Physically disconnected RR fa kon

< eCPRI supports Ethernet-switched IP-routed front-haul networks, or similar types
of transport networks
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5G Cellular Synchronisation requirements ra kon

< 3GPP requirements < Holdover
0 Air Interface 0 Hold previously known

Frequency accuracy

Med. Range 100ppb 3GPP TS 36.104 [7] [ at the air interface,

o For x hours/days

(FDD and TDD) Local Area 100ppb Clause 6.5.1 ove'r one sub-frame
period (1ms)
Home 250ppb
Wide area,
>3km radi Lo
CEILE Maximum deviation in

Wide area, 30 frame start times at ( Ad va n CEd featu res

<3km radius the air interface
3GPP TS 36.133 [8] (for cells on the same

LTE-TDD Cl 7.4.2
Home BS, 133+ ause /.. frequency with Q CO M P’ IC I C

>500m rad. Torop HS overlapping coverage
Home BS, 3 areas)
<500m rad. =

01 Ty is the propagation delay between the Home BS and the cell selected
as the network listening synchronisation source

o Network Interface
= 16ppb

5G will use the 4G synchronisation requirements for now e_




Transport Network requirements - Sync

< Transport Network Synchronisation
o Packet Sync Mechanisms such as IEEE1588
o With or without SyncE

< 2 Cases for Deployment Scenarios
o Case 1 : Packet clock integrated into eRE

0 Case 2 : Packet clock at the network edge
= 1PPS/ToD to eREs

Category | |TE| for case 1& 2 | Applications Details TAE proposed by TAE (for
IEEES801.CM Application)

Case 1l Case 2

A+ TBD MIMO or TX diversity transmissions, at each carrier frequency - 20ns 65ns
A TBD Intra-band contiguous carrier aggregation, with or without MIMO or TX diversity 60ns 70ns 130ns
B TBD A & Inter-band carrier aggregation, with or without MIMO or TX diversity 100ns 200ns 260ns

— 1100ns 3GPP LTE TDD 1100ns  1100ns 1500ns '°'



Challenges ralkon

< Packet based timing recovery

< Environmental Aspects
0 Higher temperatures of operation
0 Higher shock and reliability requirements

< Higher Air interface spectral frequencies




Packet Based timing recovery ra kon

< Physical vs Packet clock timing recovery

0 Physical clocks -> stationary in nature with defined pdf
) T (T P
0 Packet clocks -> Not stationary signals t‘E‘I

10 switches, 20% load 10 switches, 60% load 10 switches, 40% load 10 switches. 80% load

0 Packet clocks -> “Packet selection” and lower filtering bandwidths, in general

0 For given error, lower bandwidths necessitates a more stable reference clock

Compare Loop Filt DO —D Outpu >
SOt a PHLET a Synthesizers rg
Clocks
uuuuuuuu ability depends on
Oscillator performance & Loop
bandwidth of the PLL
G




Environmental Effects ralcon

< Higher Temperatures of operation < Reference Clocking challenges
0 Densification demands modular 0 Higher temperature of operations &
equipment configurations = Al IC, special process solutions

< Weatherproof outdoor equipment

0 Fan-less, sealed enclosures designs

< Massive MIMO RRUs

0 Higher Power consuming radios
0 PCBs getting hotter > 85degC

< Outdoor deployments
o Lamp posts & structures

< Reference Clocking challenges

0 Special designs resilient to shock & Vibration
= SC-cut strip crystal with G-sensitivity < 1ppb/G

0 Requires low shock & vibration

= Enhanced performance in vibration prone environments
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5G RRU timing evolution
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RRU Synchronisation solutions
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Frequency Stability Slope Aging Phase Noise
(Package size)  (Temperature range) (AF/AT) (10 years) (Typ. @ 19.2MHz)
.4:::
50ppb TCXO _ -
V PP LU=EO L 50 ppb (-40 to 85°C) +20 to +10 123 dBc/Hz @100Hz
TCXO (5.0x3.2 mm) +100 ppb (40 to 105°C) oc 3ppm -155 dBc/Hz @10kHz
(7.0x5.0mm) PP rreauenPRUrmSersur -156 dBc/Hz @ 100kHz
Key Features:
o  Temperature stability : +/-50ppb (-40 to 85C) &0
o  High temperature ranges : -55 to 105°C ®
available
o  7mmX5mm & 5mmX3.2mm
Mini OCXO =
Frequency Stability —Siope™ Aging Phase Noise
(Package size)  (Temperature range) (AF/AT) (10 years) (Typ. @ 50 MHz)
. 10 — 50 MHz . -148 dBc/Hz @100Hz
Key Features: Mini OCXO  (9.7x7.5mm) f;g pp:: ::23 - g:g ﬂ;?oélj 3ppm -154 dBc/Hz @10kHz
O +/-10ppb (-40 to 85C) temperature stability (7.0 x5.0 mm) =20 PP PP -156 dBc/Hz @ 100kHz
9Immx7mm, 7mmx5mm next generation 0 40 30 20 10 o 10 50 20 <0 €0 20 20 90
O <lppb/degC temperature slope R 1;
o  High temperature ranges : 105°C available é 1
o Fast Start-up times 5 0 P
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Radio Clock reference challenges fa kon

< 4G clocks cover up to 2.4GHz frequencies

< 5G covers high spectral frequencies
0 Up to 100GHz
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Global snapshot of 5G spectrum

Around the world, these bands have been allocated or targeted




Contribution to EVM - Phase noise fa kOn

< Reference clock phase noise contributes to EVM

o As the modulation level increase (like 256 QAM) the constellations are dense, minimal
close-in noise desired
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RF References for 5G ralcon

< Higher spectral frequencies need low phase noise reference clocks — GHz VCXOs
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High frequency clock references ralicon

< Two clocking reference options
0 Ultra low phase noise, low frequency
0 Low phase noise, GHz frequency

< Ultra low phase noise solutions
0 122.88M VCXO

< GHz frequency solutions
0 ~2.5GHz VCXO solutions

SSB Phase Noise (dBc/Hz)
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Conclusion ralkkon

< Next Generation Base station architectures poses synchronisation challenges for
RRU implementations

< Network clock recovery will be based on packet clock recovery methods, needs
more stable reference clock than current

< Environmental effects are critical

< Higher spectral frequencies requires very low noise reference clocks for superior
performance
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