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Introduction To MIPI RFFE

*  Pre-MIPI-RFFE Era: T Mobile System
mipialliance ystem __ @ s
—  Complex solution for RF-Front-End Control P Diagram p—
—  Discrete GPIOs >> Excessive 1/0 pins, Higher System- Touch e
cost
Display(s) GNSS

—  Custom Buses >>Incompatible RF-FE products,
Complex System Design hy ! I—m—awﬁé’mns
—  Complex Software and Control-Timing Challenges Audio Codec . . -
*  MIPI Introduces RFFE Bus in 2010: | pplication

Microphone(s)

—  2-Wire Multi-drop Bus (1 Main and up to 15 RF-

Peripheral devices) s anion
—  Easy to implement logic
— 1/0 reduction, Interface compatible RF-products, less B Rt L.
complex system S/W, Easier to meet Real-Time Control- o Modem
Timing budget Il Power Amp — o
*  For the past 10 years, MIPI RFFE Specification | ~@1 H.a LAN Modem
has enabled billions of RF-FE components in: I s
Cellular }menmm,
— loT ) Y 4 Battery
—  Automotive :&3" | o womonmcn | mN ommamee | M wcseon | mmosmosce | m osusn
—  And other Wireless products The MIPI

RFFE Domain
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Evolution of MIPI RFFE
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SCLK .
RFFE >
SDATA .

Yy V Yy V vy Vv v 1

RFFE RFFE RFFE RFFE
Peripheral Peripheral | ===*' Peripheral Peripheral
(1) (2) (14) (15)
V1.0 V1.1 V2.0 V2.1 V3.0
Adopted July-2010 Adopted Nov-2011 Adopted Dec-2014 Adopted April-2018 Adopted April-2020
e 1%release *  Bug Fixes Synchronous Read *  Masked-Write Additional
e 26-MHz *  No major * Extended Speed *  Master Context Extended Triggers
e 3-Triggers enhancements (52 MHz) Transfer *  Timed Triggers
*  Multi-Master * Longer Reach *  Mappable Triggers
Support *  Extended Triggers
* Reserved Register *  Register Space
Space Expansion Expansion

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON >
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5G Systems : A High-Level Perspective

T — <1GHz 3 GHz 6 GHz 24 GHz 39 GHz 100 GHz
Peak Data Rate Data Rate

® =¥ 0 - O
-~ Mobile Broadband / welE 2020 \

Extreme data rates

High-band (e.g. mmWave)

Spectrum

(nﬁ:ip;:/':nyz) 10 Effickeeicy Outdoor and mmm Subcarrier spacing
Massive macro coverage ==| eg 15kHz
Internet FDD/TDD <3 GHz e.g. 1,5, 10 and 20 MHz
5 of Things o
Uétg:(hlgh QOutd d T
Q&Jd y small cell ‘IIIIIIIIIIIIIIIIIII
Network Mobility TDD >3 GHz g sooMz
Energy Efficiency (km/h)
Mission-Critical Ind Subcarrier spacing
" Contra wdebeng [IYTTYTVVTY | s
ltra-low latenc TDD e.g. 5 GHz (Unlicensed) 'cg 160MHz
o °°'(':e‘?ti°"/5°’;)s"y La;ten)cy Wi | — .| Subcarrier spacing, e.g. 120 kHz
levices/km ms] mmVvave
ici _ . TDD e.g. 28 GHz ———— ...............
The Core Vision of 5G 1 5G KPI-Envelope Expansion 2 S 3 |
. . . . 5G Spectrum and Subcarrier Spacing
. Mobile-Wireless KPl expanding with 5G
*  Higher-order MIMO and resource bring new I (ﬁf) (I;') Type CP | Tee (ns) Z:‘;; Slots
challenges 0 15 66.66 | Normal 5.21/4.69 1000 I
N . . . 1 30 33.33 Normal 2.60/2.34 500 2
RF-Front-End control Timing-Budget is shortening s =0 et T Nommsi ETTRE 550 3
*  Shorter Firing-Timing and configuration flexibility of Extended 4.16 250 4
Py ” . 3 120 8.33 Normal 0.65/0.59 125 8
Triggers” are key requirements A | 240 | 417 | Normal | 033029 | 625 | 16
References: 1, 2,3,4 5G Numerology and Critical Timings 4
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5G Systems And New RF-FE Control Requirements

. e . . . WLAN, Bluetooth, GPS, FM Ant
Evolving complexity in 5G Wireless System design

) Y
requires: GPS and WLA -
1. Additional Triggers l
v Solution: Additional Extended-Triggers .
. WLAN/FM RX
2. Narrow Timing Budget oo
V' Solution: Timed Triggers

3. Dynamic Mapping of Triggers
v Solution: Mappable Triggers

Base Band

< Application <~
Processor

Transceiver

e )

Memory

e
I V\V

RFFE v3.0 enables the above required features to
meet 5G systems’ RF-FE control needs.

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON 7
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Fundamentals of RFFE Trigger Operation

RFFE Interface Shift Register

Write Operation(s) to
Register(s) associated
with Trigger 2

Write Operation(s) to
Register(s) associated
with Trigger 0

Write Operation(s) to
Register(s) associated
with Trigger 1

Shadow C
— Trgger2 Data moves from Shadow Reg to
e Operatonts) Control Reg when Triggered
1
-
NN“\ NNNN NNNN
NNN N~~ NNN
| T S “uy
f 1 NN I NN N~~
RFFE Shadow Register load CS#1 loads the shadow D .
: GRS HIESTEEER e rig-0 b=l Trig-1 prmmmmmm==
registers sequentially &
T,

TG

T

T

& i
22 Trigger Activation CSs move the contents from Shadow Regs

%
e)o\$ beb S ,bbeb b°$ 6@6 bo\ﬁ,b&6 b°$ be,b e}o‘“fog,e to corresponding Control Regs simultaneously
FF L F T OF O
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RFFE Trigger Evolution

RFFE v1.0
(Total: 3 Triggers)

RFFE v2.1 (Total: 11 Triggers)

RFFE v3.0 (Total: 18 Triggers)

Trig Trig | Trig Trig | Trig | Trig Trig | Trig | Trig | Trig | Trig Trig | Trig | Trig | Trig | Trig Trig | Trig
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

RFFE 2.1 - Extended-Triggers

Nomenclature
RFFE 3.0 = Extended-Triggers “Block-A” RFFE 3.0 - Extended-Triggers “Block-B”
Implementation Timed Trigger Feature Supported Timed Trigger Feature Supported
Options Mappable Trigger Feature Supported Mappable Trigger Feature Supported

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON
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| What Problem Does Timed Trigger Attempt To Solve? |

* Datagram based Trigger-Firing
has a minimum delay involved

Write Operation(s) to
Register(s) associated

* Minimum 25 SCLK cycles
required for Register Write
datagram

This translates to:

* 0.96 ps @ 26-MHz SCLK

Write Operation(s) to
Register(s) associated

Data moves from Shadow-Regto
Control-Regwhen Triggered

° 0.48 ps @ 52-MHz SCLK " A S
* Other datagrams add additional RFFE Shadow Register load CS#I Toads the shadow |~~~ - N . .
latency registers sequentially Trig0 [*1 Trig-1 F Trig-2 Time
* Latency <0.5us desired for 5G .
* Timed-Trigger helps meet this @q;“ Qﬁq’ q@%(’ 5 & Jf‘ Trigger-Acti

NS DD 4
Iatency goal L L R 2 R 2 K 6°°,bb‘?' & & Shadow-Reg ti

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON 10
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Command Sequences And Trigger Firing Latencies

Command Sequence Type Paylaod Required Lat @ 26 MHz Lat @ 52 MHz
SCLK Cycles (us) (us)
Register-Write 1-Byte 25 0.96 0.48
Extended Register Write 1-Byte 34 1.31 0.65
Extended Register Write Long 1-Byte 43 1.65 0.83

*  Sub Micro-Sec (ideally <
0.5us) Trigger Firing latency
leaves limited choice for
system designers

Command Sequences and Trigger Firing
Latencies (us)

* This is where Timed Triggers
help

Latency @ 26 MHz Latency @ 52 MHz
us us

m Register-Write 1-Byte ™ Extended Register Write 1-Byte = Extended Register Write Long 1-Byte

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON 11
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Operational Principle Of Timed Trigger |

EXT_TRIG_MASK

EXT_TRIG

Tlmed Trigger’s Operation:
Trigger Counter is loaded using
Command Sequence

*  Subsequent SCLK edges decrement the
loaded Timed Trigger Counter

*  Count down from ‘D’ with each SCLK

cycle; if 20
*  Transition from 1 to 0 “Fires” the Trigger
i Timed Trigger Counter T3 * Counter must exist for each Trigger to be
Trlgger Counter spaced discretely in time

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON L2
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How Do Timed Triggers Reduce Trigger Firing Latency?

9 1 2l
Reg Addr of B
Ssc SA 00000001 P EXT TRIG A CNT 3 P 6 P 2 \ P g Ssc CF/AF/DF
T —
Multiply by two l timed
\ Ext Trig 3
EXT_TRIG_A_CNT_3 2>
- - = - 0 1224 3 0
[8:0] \ 1
Register address is automatically incremented to Multir}y by two k timed
load the second byte of payload \ Ext Trig 4
EXT_TRIG_A_CNT_4
- - = - 0 4 321 0
[8:0]

Timed Triggers give the ability to fire adjacent Triggers within the resolution of SCLK
cycles vs Command Sequence distances;

Useful for LTE/NR inter-band UL CA control

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON
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What Are Mappable Triggers? How Do They Help? |

p7]ps| ps| p4| p3] p2] p1] Do

A\ A\
GPS and WLAN m o
Y FEM
RFFE
Reserved !
Space ’/\r v
| | 'l_ﬁ rigger Adivation{l =>Shadow Reg. to Control Reg. data flow Always GPS
ol | g 01} 0o Mask Register 0 =>Shadow Reg. to Control Reg. data flow @ TA 'av[’;,‘.:,/:‘x RX
o7 D'5- p2[ b1 pof “Trigger Regi“e'{w”“”g “1” => Trigger Activation (TA) soc
When corresponding Shadow-Reg. bit ==0,

i
i

Shadow Reg. to Control Reg. data flow occurs @ TA

-

A ‘ Data Flow ] (M h w S8
Shadow Register D7‘D6‘D5‘D4‘D3‘D2‘D1‘D0 I I o7 DS‘ 05‘04‘03‘02‘ 01‘ DO‘ £2¢
— Gain Control Register %g g - 3
eag 2
UDR Space a &= §
(\J Inputy Output——> 'y g
! =
Memory
07] 06] p5] p4] p3] b2 p1] DO
\___Example Trigger Element )
RFEE p7] p6] p5] 04| D3] D2] 1] DO
Reserved
Space D7‘DS‘DS‘D4 DS‘DZ‘Dl‘DO H
Complex 5G RF-Front-End demands dynamic
RFFE v2.1 Trigger Association is “Hardened” Trigger-Association Configurability

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON 14




Understanding Mappable Trigger

Examples Configuration-1

o7[p6] os[pa] o3[ p2] p1] D0

EEECCERE

D7|DG|D5-DZ|D1IDO

D7‘D5‘D5‘D4‘D3‘DZ‘D1‘DO

Trigger Activation
Mask Register

Trigger Register

When corresponding Shadow-Reg. bit ==0,
Shadow Reg. to Control Reg. data flow occurs @ TA

Data Flow

EEERDEEE

D7‘D6‘D5‘D4‘D3‘DZ‘D1‘DO

D7‘D6‘DS‘D4 DS‘DZ‘DI‘DO

D7‘D6‘DS‘D4 DS‘DZ‘DI‘DO

|

v

Inputy

Gain Control Register

Output—

Example Trigger Element

Assumed Trigger is Associated with
DO bits of Trigger and Mask Registers

o7] ps[os[oa] o3[ p2]p1] 00

:D7 DO:

o7[ps[ D5 0201 00|

D7‘D6‘D5‘D4‘D3‘DZ‘01‘DU

Trigger Activation
Mask Register

Trigger Register

Examples Configuration-2

When corresponding Shadow-Reg. bit ==0,
Shadow Reg. to Control Reg. data flow occurs @ TA

(Dutarion )

BEEERDEE

D7‘DS‘D5‘D4‘D3‘DZ‘D1‘DO

D7‘DS‘D5‘D4 D3‘D2‘D1‘DO

D7‘D6‘D5‘D4 D3‘D2‘D1‘DD

—

W)

Input;

Gain Control Register

Output—

Example Trigger Element

Assumed Trigger is Associated with
D2 bits of Trigger and Mask Registers

mipiDEVCON

Examples Configuration-3

o7[p6] ps[pa] o3[ p2] p1] D0

| D7 5 D2| D1 DO‘
! — |

o7[s| 5 p2[ p1[0

D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO

Trigger Activation
Mask Register

Trigger Register

When corresponding Shadow-Reg. bit ==0,
Shadow Reg. to Control Reg. data flow occurs @ TA

Data Flow

EEERDEEE

D7‘D6‘D5‘D4‘D3‘DZ‘D1‘DO

D7‘D6‘D5‘D4 DS‘DZ‘DI‘DO

D7‘D6‘DS‘D4 DS‘DZ‘DI‘DO

—

v

Inputy

Gain Control Register

Output—

Example Trigger Element

Assumed Trigger is Associated with
D5 bits of Trigger and Mask Registers

Notice that the association of Shadow Register to Trigger Element’s Control Register does not change

© 2020 MIPI Alliance, Inc.

MIPI.ORG/DEVCON
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Timed Triggers and Mappable Triggers Convergence

Extended Trigger Block A with
Timed Triggers and Mappable

Triggers

A

>
vvy

|
10 09 08 07 06 05 04 03 mTrig Set A
TriggerMask| 59000 0000 assignment
Tri 10 09 08 07 06 05 04 03 “0010”
n9%¢" 0000 0100
T 3
mTrig Set B
COUNTERET3 [ CECHE T
"] EER
COUNTER ET4
COUNTER ET5
mTrig Set n
assignment

MIPI.ORG/DEVCON
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Trigger Register Utilization : An Overview |

p7|ps| 5| p4] p3| p2| 01| DO

Trigger Activation Mask Register

RFFE | | i ;
T10| T9 T5| T4 | T3| Trigger Register
Reserved ‘ .. ‘ &8 g
Space R T13/T12|711] Trigger Register
‘ Trigger Activation Mask Register

= } Timed-Trigger Counter Registers

Shadow Register ‘57‘D6‘D5‘D4 D3| b2 b1 DO
D7‘D6‘D5‘D4 DS‘DZ‘Dl‘DO
UDR Space I
D7‘DG‘D5‘D4‘D3‘D2‘D1‘DO‘ i i i
07‘ DG‘ DS‘ 04‘; D3‘ DZ‘ Dl‘ DO‘ mTrigs Mapping Registers
D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO
REFE D7‘D6‘D5‘D4 D3‘D2‘D1‘D0
Reserved
Space D7‘D6‘D5‘D4 D3‘D2‘DI‘D0

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON L7
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Summary

*  The latest version of RFFE v3.0 was adopted in April 2020

* [tintroduces three key architectural enhancements:
— Adds 7 more Extended-Triggers over RFFE v2.1 (An optional feature)
* Up to 15 Extended-Triggers could be supported now (for 18 Triggers total)
— Adds Timed Trigger Architecture (An optional feature)

* Timed Trigger feature could be enabled to all or selected Extended Triggers (See Spec for
details)

— Adds Mappable Trigger Architecture (An optional feature)

* Mappable Triggers could be supported on all or selected Extended Triggers (see Spec for
details)

* RFFE v3.0 follows the same electrical spec as applicable to RFFE v2.1
* The WG is currently discussing proposals for the next version of RFFE.

© 2020 MIPI Alliance, Inc. MIPI.ORG/DEVCON
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