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• Pre-MIPI-RFFE Era:
– Complex solution for RF-Front-End Control
– Discrete GPIOs >> Excessive I/O pins, Higher System-

cost
– Custom Buses  >> Incompatible RF-FE products, 

Complex System Design
– Complex Software and Control-Timing Challenges

• MIPI Introduces RFFE Bus in 2010:
– 2-Wire Multi-drop Bus (1 Main and up to 15 RF-

Peripheral devices)
– Easy to implement logic
– I/O reduction, Interface compatible RF-products, less 

complex system S/W, Easier to meet Real-Time Control-
Timing budget

• For the past 10 years, MIPI RFFE Specification 
has enabled billions of RF-FE components in:
– Cellular
– IoT
– Automotive
– And other Wireless products

Introduction To MIPI RFFE    

The MIPI 
RFFE Domain
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Evolution of MIPI RFFE

RFFE
Main

SCLK

SDATA

RFFE
Peripheral

(1)

RFFE
Peripheral

(2)

RFFE
Peripheral

(14)

RFFE
Peripheral

(15)

V1.0
Adopted July-2010

V1.1
Adopted Nov-2011

V2.0
Adopted Dec-2014

V2.1
Adopted April-2018

V3.0
Adopted April-2020

• 1st release
• 26-MHz
• 3-Triggers

• Bug Fixes
• No major 

enhancements

• Synchronous Read
• Extended Speed 

(52 MHz)
• Multi-Master 

Support
• Reserved Register 

Space Expansion

• Masked-Write
• Master Context 

Transfer
• Longer Reach
• Extended Triggers
• Register Space 

Expansion

• Additional 
Extended Triggers

• Timed Triggers
• Mappable Triggers
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5G Systems : A High-Level Perspective

• Mobile-Wireless KPI  expanding with 5G
• Higher-order MIMO and resource bring new 

challenges
• RF-Front-End control Timing-Budget is shortening
• Shorter Firing-Timing and configuration flexibility of 

“Triggers” are key requirements

The Core Vision of 5G  1
5G Spectrum and Subcarrier Spacing 3

5G Numerology and Critical Timings 4

1 2 3

4

References: 1, 2, 3, 4

5G KPI-Envelope Expansion 2

https://www.digi.com/solutions/by-technology/5g
https://www.researchgate.net/figure/5G-key-performance-indicators-Source-ITU-R-WP5D-2015_fig1_330426390
https://www.qualcomm.com/media/documents/files/whitepaper-making-5g-nr-a-reality.pdf
https://www.researchgate.net/figure/5G-NR-AIR-INTERFACE-PARAMETERS-OFDM-SYMBOL-DURATION-TU-CP-TYPE-CP-DURATION-TCP_tbl1_333719946


© 2020 MIPI Alliance, Inc. 7

5G Systems And New RF-FE Control Requirements 

Evolving complexity in 5G Wireless System design 
requires:
1. Additional Triggers

ü Solution: Additional Extended-Triggers

2. Narrow Timing Budget
ü Solution: Timed Triggers

3. Dynamic Mapping of Triggers
ü Solution: Mappable Triggers

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

Time
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Trigger Activation CSs move the contents from Shadow Regs 
to corresponding Control Regs simultaneously 

RFFE Shadow Register load CS#1 loads the shadow 
registers sequentially Trig-1 Trig-2Trig-0

Data moves from Shadow Reg to 
Control Reg when Triggered

T1 T2 T3 T4 T5 T6 T7 T8 T9
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RFFE Trigger Evolution

Trig
0

Trig
1
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4
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6
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8

Trig
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Trig
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11
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12
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13

Trig
14

Trig
15

Trig
16

Trig
17

RFFE v1.0
(Total: 3 Triggers)

RFFE v2.1 (Total: 11 Triggers)

RFFE v3.0 (Total: 18 Triggers)

RFFE 2.1 à Extended-Triggers 

RFFE 3.0 à Extended-Triggers “Block-A” RFFE 3.0 à Extended-Triggers “Block-B”

Timed Trigger Feature Supported Timed Trigger Feature Supported

Mappable Trigger Feature Supported Mappable Trigger Feature Supported

Nomenclature

Implementation
Options
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What Problem Does Timed Trigger Attempt To Solve? 

Trigger Firing latency

∆TTF0
∆TTF1

• Datagram based Trigger-Firing 
has a minimum delay involved

• Minimum 25 SCLK cycles 
required for Register Write 
datagram

• This translates to:
• 0.96 µs @ 26-MHz SCLK
• 0.48 µs @ 52-MHz SCLK

• Other datagrams add additional 
latency

• Latency <0.5µs desired for 5G
• Timed-Trigger helps meet this 

latency goal

RFFE Shadow Register load CS#1 loads the shadow 
registers sequentially
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Command Sequences And Trigger Firing Latencies

0.96

0.48

1.31

0.65

1.65

0.83

LAT @ 26 MHZ
(US)

LAT @ 52 MHZ
(US)

Command Sequences and Trigger Firing 
Latencies (µs)

Register-Write 1-Byte Extended Register Wri te 1-Byte Extended Register Wri te Long 1-Byte

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

• This is where Timed Triggers 
help

Latency @ 26 MHz
µs

Latency @ 52 MHz
µs

Command Sequence Type Paylaod
Required 

SCLK Cycles
Lat @ 26 MHz

(µs)
Lat @ 52 MHz

(µs)
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
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Operational Principle Of Timed Trigger

Timed Trigger Counter T4

Timed Trigger Counter T3Trigger Counter

Timed 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 ≠0
• Transition from 1 to 0 “Fires” the  Trigger 
• Counter must exist for each Trigger to be 

spaced discretely in time

M10 M9 M8 M7 M6 M5 M4 M3

T10 T9 T8 T7 T6 T5 T4 T3

UDR Shadow Register X

UDR Register X≥1

EXT_TRIG_MASK

EXT_TRIG
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How Do Timed Triggers Reduce Trigger Firing Latency?

SSC SA 00000001 P P
Reg Addr of 

EXT_TRIG_A_CNT_3
P 2 P6 SSC

B
P
C

CF/AF/DF

EXT_TRIG_A_CNT_3 
[8:0]

0 012à4

EXT_TRIG_A_CNT_4 
[8:0]

0 4

3
2à
1

03à1

timed
Ext Trig 4

timed
Ext Trig 3

9 1 2 1

Multiply by two

Multiply by twoRegister address is automatically incremented to 
load the second byte of payload

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

ü Useful for LTE/NR inter-band UL CA control
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What Are Mappable Triggers?  How Do They Help?

RFFE v2.1 Trigger Association is “Hardened” 
Complex 5G RF-Front-End demands dynamic 

Trigger-Association Configurability

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

eLNA Output

Shadow Register

D7 D6 D5 D4 D3 D2 D1 D0 Trigger Register

D7 D6 D5 D4 D3 D2 D1 D0
Trigger Activation  

Mask Register

Gain Control Register

1 => Shadow Reg.  to Control Reg. data flow Always
0 => Shadow Reg.  to Control Reg. data flow  @ TA

Writing  “1” => Trigger Activation (TA)

Example Trigger Element

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

UDR Space

RFFE
Reserved 

Space

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0RFFE
Reserved 

Space

Data Flow

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

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

eLNA Output

D7 D6 D5 D4 D3 D2 D1 D0 Trigger Register

D7 D6 D5 D4 D3 D2 D1 D0
Trigger Activation  

Mask Register

Gain Control Register

Example Trigger Element

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

Data Flow

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

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

eLNA Output

D7 D6 D5 D4 D3 D2 D1 D0 Trigger Register

D7 D6 D5 D4 D3 D2 D1 D0
Trigger Activation  

Mask Register

Gain Control Register

Example Trigger Element

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

Data Flow

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

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

eLNA Output

D7 D6 D5 D4 D3 D2 D1 D0 Trigger Register

D7 D6 D5 D4 D3 D2 D1 D0
Trigger Activation  

Mask Register

Gain Control Register

Example Trigger Element

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

Data Flow

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

Examples Configuration-1 Examples Configuration-2 Examples Configuration-3

Assumed Trigger is Associated with
D0 bits of Trigger and Mask Registers

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

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
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Timed Triggers and Mappable Triggers Convergence 
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Trigger Register Utilization : An Overview

D7 D6 D5 D4 D3 D2 D1 D0

T10 T9 T8 T7 T6 T5 T4 T3

T10 T9 T8 T7 T6 T5 T4 T3

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

D7 D6 D5 D4 D3 D2 D1 D0

Trigger Register

Trigger Activation  Mask Register

R T17 T16 T15 T14 T13 T12 T11 Trigger Register

R T17 T16 T15 T14 T13 T12 T11 Trigger Activation  Mask Register

D7 D6Shadow Register

T10 T9

D7 D6

D7 D6

UDR Space

RFFE
Reserved 

Space

D7 D6

D7 D6RFFE
Reserved 

Space

D7 D6 D5 D4 D3 D2 D1 D0D7 D6

D7 D6 D5 D4 D3 D2 D1 D0D7 D6

Timed-Trigger Counter Registers

D7 D6 D5 D4 D3 D2 D1 D0D7 D6

D7 D6 D5 D4 D3 D2 D1 D0D7 D6

D7 D6 D5 D4 D3 D2 D1 D0D7 D6
mTrigs Mapping Registers
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Summary

• The latest version of RFFE v3.0 was adopted in April 2020
• It introduces 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.




