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01 Basic Concept of EoR
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EoR stands for “Established on RNP-AR 
Approach”

ICAO Doc 9643 – Manual on Simultaneous 
Operations on Parallel or Near Parallel 
Instrument Runways (SOIR)

Established on RNP AR APCH is an operation 
for simultaneous approaches that considers 
aircraft conducting an RNP AR APCH procedure 
eligible for SOIR.

EoR allows for two aircraft, one on an RNP-AR 
and the other on an ILS, to make approaches 
simultaneously, side-by-side, to two different 
parallel runways.

What is EoR?
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EoR can provide substantial flexibility in the 
design of simultaneous approach operations.

Many RNP designs will provide shorter track 
miles and optimized descent profiles 
compared to traditional SOIR, resulting in 
increased operational efficiency whilst 
providing environmental benefits such as a 
reduction in  noise and greenhouse gas 
emissions.

Why EoR?
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Earliest Vector Turn

Population: 172,500 

Typical Vector Turn

Population: 217,000

Bad Weather Vector

Population: 193,500

Estimated population exposed  to 55 dBA and greater      Source: US Census Bureau – 2010 TIGER Data

RNAV (RNP) Z RWY 16R

Population: 58,000 

Noise 

Level 

(dBA)                 

55

60

65

70

75

80

85

Efficient: 
• 297 – 746 lbs*  fuel saved per arrival

• Up to 23 fewer track miles flown

Clean: 
• 937 – 2,354 lbs less CO2 per arrival

• Overall fuel reduction: >2.7 million gallons

• Emissions reduced by 25,600 metric tons  (e.g. taking 5,400 cars off the road)

Quiet: 
Redirected and less total noise  

114,500 – 159,000 **  fewer people exposed to >55 dBA noise level

RNP

Today

Example Benefits in KSEA
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RNP AR concept review

PBN = RNAV + RNP

OPMA=Onboard Performance Monitoringn and Alerting

RNP = RNAV + OPMA
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ANP

vs

RNP

OPMA on Boeing Aircrafts

➢ OPMA is not a independent hardware device, but a function realized by MMR 

and other equipment.

➢ Display the OPMA information by MCDU
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TSE EPU FTE=         + 

MCDU

PFD with L/DEV

1

2 3

OPMA on AirBus Aircrafts
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Trait

• Based on FMS

• Totally depend on GNSS

• RNP AR support RNP value＜0.3

• 2xRNP ½ AW of protection area

• Support RF leg（Radius Fixed Turn）

Why need authorization?

Because of

Narrower protection area and RF turn

➢ More training for pilot

➢ Higher requirements for 

airborne equipment

Authorization Required

AR=Authorization Required
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RF turn

Radius Fixed turn

➢ Provide a predictable and repeatable turning track.

➢ Preventing track instability caused by factors such as speed and 

early turn before point

RF turn
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Elevator and Aileron Computer

Flight Management and Guidance Computer

Multi-function Control Display Unit

Flight Director

Auto Pilot

Flight Augmentation Computer

Slat and Flap Control Computer

Radar Altimeter

Primary Flight Display with L/DEV and V/DEV

Navigation Display

GPS（Multi-Mode Receptor）

Air Data Inertial Reference System

Terrain Awareness and Warning System

Flight Control Unit with Dual-channel

keep the track
&

fix the turn

Narrower 
protection area

Requirement  for Airborne Equipment
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★ In 1996, Alaska Airlines flew the first RNP AR 

procedure in the terrain challenged environment 

surrounding Juneau airport.

★ The three-dimensional nature and precise track 

containment of RNP AR procedures was soon 

recognized as having applications beyond  terrain 

challenged environments. 

★ RNP AR procedures could be used in congested, 

high traffic airspace to separate aircraft from other 

aircraft or controlled airspace constraints. 

RNP AR provided a safer and predictable path to the airport
★ In 2015, the Denver and Seattle airports in the United 

States respectively applied EoR technology to carry out 

independent and dependent parallel approach 

operations.

The birth of EoR
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★ Since 2018, the specifications and standards for  EoR have been included in ICAO Doc 4444 and 

Doc9643, encouraging countries to adopt this technology.

★ On November 8, 2018 coincidently with the inclusion of the Established on RNP AR APCH specifications 

and  standards  into ICAO PANS-ATM (Doc4444), Calgary International Airport (CYYC) in Canada, began full 

use of the new standard. 

The birth of EoR
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ICAO：Design Guidance for Simultaneous Use

any combination of instrument 

approaches including:

1) a precision approach

2) an RNP AR procedure, if:

a. the RNP (B and C) does not exceed ¼ 

of the runway spacing (A), and

b. the RNP (B and C) is equal to or less than

(A-NTZ)/2  

[e.g. procedure is contained within NOZ]

35R 

17L 

35L

17R 

FAF

Runway Spacing 

A

NOZ

NOZ

FAF

RNP

C

RNP

B

FAF

NTZ

typical: 610 m (2 

000’)

The Non Transgression 

Zone (NTZ) extends from 

the nearer runway 

threshold to where vertical 

separation is reduced. 

Width is determined by 

surveillance (detection 

time) and runway spacing

The Normal Operating 

Zone (NOZ) extends from 

the runway threshold to the 

point where aircraft are 

established on the centre

line. Width is determined by 

NTZ.  RNP or precision 

approach defined for a/c to 

remain within NOZ.

2018: SOIR and PANS ATM  

(ICAO Doc 9643 & 4444). 

Include “Established on RNP”  

and the use of RNP procedures during SOIR .

EoR traffic separation can be applied

without vertical separation

(may use TF and RF transitions-to-final)

•Approach 

designs are 

laterally 

separated 

• Maintains NTZ 

and NOZ 

function

•ILS

•GLS
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ICAO：Determination of EoR
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Other Key Elements——NTZ, NOZ

NTZ

A No Transgression Zone (NTZ) at least 610 m
(2000 ft) wide is established equidistantly
between extended runway center lines and is
depicted on the ATS surveillance system
situation display. The NTZ extends from the
point where vertical separation is reduced to
the nearer runway threshold

Extending outward from the nearest runway
threshold, until a point where 300m vertical
and/or 3.0 NM horizontal separation is no
longer provided.
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RNP Value 

✓ ICAO Doc9905, RNP AR Procedure 

Design Manual

✓ Parallel runway distance requirement                 

RNP value ≤A/4

RNP value ≤（A-NTZ）/2

✓ Obstacle clearance requirement

✓ The higher the accuracy(smaller RNP 

value)is, the higher the requirement 

for GNSS signalstability 
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PAOAS Assessment  

Parallel Approach Obstacle Assessment Surface 
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Break-out procedures
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FOSA

Flight Operation Safety Assessment

Pi lot  
Operat ion

Infrustructure

ATC 
operation

Navigation
ser vice

Operational
condition

Aircraft
performance

Aircraft
malfunction 
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TCAS Analysis

DOT FAA Introduction to TCAS II Version 7.1    — 2011 年

ACAS Guide/Airborne Collision Advoidance System - Euro Control — 2017年



EoR Research and Trial in TMA airspace of China ATMB

TCAS Modelling

✓ DOT FAA Introduction to TCAS II Version 7.1 

✓ ACAS Guide/Airborne Collision Avoidance System - Euro Control
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Calgary, Canada



02 EoR Research and Trail in China
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ZBAA，Limitations of south config parallel ILS operation

South Operation config of Beijing Capital Intl. Airport

◼ High terrain starts 10nm north of airport.

◼ TMA airspace ends 20nm north of airport.

◼ Unable to set up ‘approach gate’ for independent 
parallel ILS operations.

◼ Very small error tolerance for final vectoring.

◼ MVA penetration in case of radio failure.
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Purpose of EoR Operation of RWY 19

◼ Improve landing efficiency of Runways for south config operations

◼ Reduce the influence on operational safety caused by high terrain

◼ Reduce overall rafar vectors and controller workload
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Final Approach (South config) 

Maintain no less 

than 6km horizontal 

separation with the 

preceding aircraft 

before established 

localizer.

No less than 300m

vertical separation 

always   exists between 

this two aircraft before 

they established 

localizer.

These two aircraft 

must maintain 

horizontal separation 

no less than 4km or 

visual separation 

when 

they both established 

localizer.

·

Dependent Parallel 

Instrument Approaches 

on RWY18R/19

18R

1918L
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Arrival & Initial Approach (South config) 

‘High Side’ for 18R 

approach (1500m) 

due to terrain and 

airspace restrictions.

Long approaches 

(1200m for GP) at 

peak hours. 

Short approaches 

(600m for GP) 
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ZBAA EoR Road Map

2020

-2022

Data Collect 

Concept and Flight 

Procedure Design

MAY

2023

Flight Simulator 

Validation and 

Flight Operation 

Safety Assessment 

(FOSA）

AUG

2023

Flight-Control

 Joint Simulator 

and Fast Time 

Simulation

OCT

2023

Flight Test 

Validation

DEC

2023

Trial Operations 

Beijing TMA

DEC

2025

Further 

Optimizaiton of 

Flight Procedure



EoR Research and Trial in TMA airspace of China ATMB

Flight Procedure Design
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Designation of NTZ

◼ Point A and B are positions where 
300m(1000ft)/5.6km(3.0NM) 
seperations are no longer provided.

◼ NTZ starts abeam THR of RWY18R, 
in between RWY19 and 18R, width 
610m, ends abeam point A.
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Ground Validation
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Flight Simulator Validation
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FOSA
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TCAS Simulation

BEIJING EoR 

Parallel Approaches Operational Simulation
5 June 2023

Jeff Musiak and Sheila Conway
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Fast-time Simulation

✓ Per Flight

Reduces flying time by 3.7mins 

Saving approx. 17.5km，
Reduce 109kg of fuel 

✓ Per Day

Reduction of flying time of 13.65 hours

Saving approx. 3795 track miles

Reduce 23.7 tons of fuel

✓ Per Year

Reduction of flying time of 1495 hours 

Saving approx. 415553km

Reduce 2595 tons of fuel

✓ ATC workload

has been reduced by more than 11%
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Flight-Control Joint Validation
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ATC Safety Assessment

序 号 危险源描述 可能导致的后果 风险等级 风险可容忍度

1

实 施 R N P A R 进 近 的

航 空 器 报 告 丧 失 R N P  

A R 能 力

发 生 小 于 间 隔 的

不 安 全 事 件
2 B 可 容 忍 的

2

E o R 运 行 时 ， 不 具 备

R N P A R 进 近 能 力 的 航

空 器 的 数 量 超 出 1 8 R 跑

道 承 受 能 力

发 生 小 于 间 隔 的

不 安 全 事 件
3 D 可 容 忍 的

3

E o R 运 行 时 ， 使 用 1 9

跑 道 进 近 的 航 空 器 发

生 通 讯 失 效 情 况

发 生 小 于 间 隔 的

不 安 全 事 件
3 C 可 容 忍 的
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HDG 090°
1200m

HDG 360°
1200m

600m

① RNP AR capability lost

Mitigation: Break-out Procedures

South bound aircrafts (Join from AR018)

➢ Report RNP AR capability lost before AR022

➢  Report RNP AR capability lost after AR022

North bound aircrafts (Join from AR030)

➢ Report RNP AR capability lost before AR032

➢ Report RNP AR capability lost before AR032
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Hazard :

The number of aircrafts without RNP AR approach capability 

exceeds the landing capacity of RWY18R.

② Exceeding RWY Capacity

Mitigation :

➢ Choose non-busy time period for EoR operation.

➢ Vector the aircrafts without RNP AR capability to hold.

➢ When the number of holding aircrafts exceed 4,  terminate EoR 

operation
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③ Radio Failure

Hazard :

During EoR operation, aircraft conducting RNP AR APCH on 

RWY19 experience a radio communication failure.

Mitigation :

➢ Develop radio failure disposal procedure.

➢ Emphasize  the radio failure disposal procedure in the process 

of EoR promotion.

➢ Publish radio failure disposal procedure for RNP AR APCH of 

RWY19
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Flight Validation
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Experimental Operation

Experimental operation 

   Starts from 28th Dec 2023

Requirements

◼  Beijing capital airport in south operation 
(south config)

◼ No harsh weather in the vicinity, VIS 
greater than 2000m

◼ VHF transmission override capability

◼ No existing GPS interference  

Personnel

◼ AP01/02 sector rating obtained

◼ EoR operation training completed 
(theoretical and simulator)
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Operating Procedure of EoR

✓ RNP-AR for Rwy 19, ILS for Rwy 18R, dual Rwy independent 
parallel approaches, no final monitor position required.

✓ During early implementation, Rwy 19 is for RNP-AR capable 
aircraft only. Otherwise use 18R.
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Further Optimization of RNP AR Procedure
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Implementation at other airports in China



03 Experience Gained
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✓ To visualize and validate the airspace design 

concept

✓ To establish situational awareness and enhance 

understandings of EoR scenario for ATC controllers

✓ Provide Quantitative Support 

Fast-time Simulation is Helpful
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Joint Validation is Crucial
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✓Concept and flight procedure design

✓概念和飞行程序设计

✓Flight -Control simulator and fast time simulation

✓飞行管制模拟机和仿真

✓Flight operation safety assessment

✓飞行运行安全评估

✓Real flight validation and trial operation 

✓真机试飞和实验运行

Joint Efforts are the Key to Success 
Trial 

Implementation 

on

Dec.28th

✓Publication and trainning

✓资料公布及飞行、管制员培训



04 Future Plan
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Future Plan

Increase the proportion of ACFT with RNP AR capability

81
27.27%

216
72.73%

Statistics of RNP AR Capability of landing flights 
at Beijing Capital Airport

 RNP AR Capable Not capable

Expand EoR to other Airports



Thank you

Lizhi@atmb.net.cn
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