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Requirements for Beyond 5G and 6G ©) NrT

Requirements for 6G wireless technology Expected 6G's KPI vs. 5G Baseline

Low latency

Extreme high 6 G Extreme low __ Improvement Factor
data rate/capacity latency

* Peak data rate >100Gbps ‘ ‘ + £2E very low latency <1ms Peak Data Rate (Gbps) 100-1000 10-100

* >700x capacity for next decade » Always low latency
* Extreme-high uplink capacity

Connection Density 1/ m? 10-100/ m* 10-100
Extreme coverage Extreme high
extension : reliability User Plane Latency (msec) 1 0.1 10
* Gbps coverage everywhere o Guamnteed QoS for wide rang|
* New coverage areas, e.g., of use cases (upto 99.59999% reliabili q ]
i ; : IJltter (msec) 0.0001-1 N/A I
Extreme low . Extreme massive Reliability Five 9s Seven 9s to nine 9s 100 - 10000
energy & cost ‘ ew combinations - connectivity & sensing
vy of requirements . :
+ Affordable mmW,/THz NW & devices + Massive connected devices (10M/km2)
. ; or new use cases . .
* Devices free from battery charging e — « Sensing capabilities & L .
high-precision positioning (< icm) ow J'tter

Low energy High reliability IOWN Global Forum, “Technical Outlook for Mobile Networks Using IOWN Technology

NTT DOCOMO, “White Paper 5G Evolution and 6G”

Various Requirements that must be met
in E2E across optical and wireless networks
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Target Network Vision ®) NTT

Open RAN APN for _ _

X-haul
— Backhaul

— Midhaul

— X-haul

Fronthaul

ETTETTETTETT I

Applying IOWN All-Photonic Network (APN)
to X-haul of Open RAN (O-RAN)
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Open RAN

O-RAN ALLIANCE Mission

Intelligent
<> L&
3 1
e, e
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O-RAN

A L Lk A N € GE

Service Management and Orchestration Framework

Non-Real Time RIC o1

Legend

—— 3GPP interfaces
~—— O-RAN interfaces

I

X2-c

0-CU-uP

——NG-u

X2-u

Open FH M-Plane

Xn-c

NG-c

4[ 0-Cloud

O-RAN architecture

(Figure 5.2-1 of "O-RAN.WG1.0AD-R003-v11.00")

O-RAN Alliance has been specifying

RAN architecture including CU/DU/RU



IOWN APN
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End-to-end M
coordinated control
and management
< L D

On-demand path
provisioning
User site

User site
Open APN endpoints / \ Open APN endpoints
Open APN >
7
- ;
User site oot

Open APN endpoint en APN endpoints

PtMP path for finer
granularity

Optical wavelength path | [Fiber path for various (non-
between endpoints DWDM) optical signals

Summary of APN services
(Figure 2-1 of “Open APN Functional Architecture-v2.0")

“ IOWN

GLOBAL FORUM

—T— CN.APN

v e \

User netwaork Open APN service provider network User network
i -—
Access link Access link

APN architecture
(Figure 3.1-7 of “Open APN Functional Architecture-v2.0")

IOWN global forum (IGF) has been specifying APN services
and architectures including APN-G/I/T(ROADM and Tranceiver)
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Optical-wireless cooperative control ©) NTT

» Optical-wireless cooperative control achieves coordination between RAN and optical
access network to meet requirements of beyond 5G and 6G.

* CT1/eCTI (Cooperative Transport Interface/extended CTI) is
an interface used for optical-wireless cooperative control.

Optical-wireless cooperative control using CTI Optical-wireless cooperative control using eCTI
-Application areas in RAN: MFH -Application areas in RAN: MFH, MMH, MBH
-Assumed optical access system: PON -Assumed optical access system: APN, packet NW (Not only PON)
-Target requirement: Mainly low latency -Target requirement:

Low latency, low jitter, low energy, high reliability, etc.

! ?) 0-RU ONU Aggregation/Interchange controller for scheduling electrical signal control
) ODN CcTI ICTImessages cTI
@ server | |<--—--- 3 | client Mobile Network 1l @ Collection & Analysi @ Control &
i A 0-RU oIty (56, future mobile Nw) | 11 Interpretation for minimizin of latency ES
(TU) oLT I of mobile info latency S
O e (TN) . 0-ou Extended C'I:W ‘g-
q ) ONU H
A ORY (Tu) | oDN C=) =
- Southbound-IF”
Radio carrier A (TU) ue “-—7 ST rieronsd } . s ]
UE g
. Ra Ta3 R3 Uplink transport latency T34 R4
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CTI specification in O-RAN WG4

* CTl has been already specified in O-RAN WG4 (Working Group 4).

MFH applying PON and CTI

@ 0-RU
@ 0-RU
_ @ 0-RU

Radio carrier A

Ra Ta3 ;3

ONU
(TU)

ONU
(TU)

ONU
(TU)

ONU
(TU)

ODN

ODN

~ | cm
e server

OoLT
(TN}

ICTI messages

<----- >

cTI
client

0-DU

Uplink transport latency T34

R4

O-RAN.WG4.CTI-TCP.0-R003-v04.00 Figure 4.2
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Frame structure of CTl message

6 bytes
Goytes
4 bytes for 80210

B bytes for 802. 1ad

4 bytes

2bytes
20 bytes for IPud
{shown), ar
40 bytes for IPvG
inat shawn)

[Prior to extension
headers)

B oytes

TBD bytes

dbytes

Ethamet DA

Ethemet DA Ethemet SA
Ethemet SA
VLAN Header

[ Etetype-oRAN | subnpe-cm |
oR

ver [HL] 105 | TomiLengih
i |o[F[F] Fragment ottset
Time to Live| Protocol | Header Ghecksum
Source IP Address

V [A[H[S] Sequence | cmi sessioniD
CTi Session 1D

N T
Ihprli&'hv_ﬁytgsmxs\x!
et 05 | Swrmeown |
Extension
[Core | crwsgommme

Type 2

—

— Header
Ethernet or IP/UDP can be selected

— Payload

Timing and bandwidth information
for cooperative control

between DU and OLT

i

| CTi Signature (Optional)

cn
Signaturs|

[ Ethamet CRC

O-RAN.WG4.CTI-TCP.0-R003-v04.00 Figure5.3



eCTI discussions in IOWN global forum @) ~rr

» We are discussing eCTl and optical-wireless cooperative control for RAN applying APN in
IMN-TF (IOWN for Mobile Network Taskforce) of IOWN global forum.

* Technical document including eCTl related topics has been published in Apr. 2023.

 IOWN

R\x
7 GLOBAL FORUM w

4’/ \‘»

( Aggregati g for i ical signal control

Mobile Network m @ Collection & Analysis ® Control

(5G, future mobile NW) Ul interpretation for minimizin of latency
/ of mobile info latency

Extended CTI

|eubis jo53u0n

Technical Outlook for Mobile Networks Using IOWN

Technology
- Advanced Transport Network Technologies for

Mobile Network
e ——————— (@ .

tion: APPROVED REFERENCE DOCUMENT = et . 3 - -
Terminall Aggregation/ Aogregation/ Aggrogation!
PUBLIC UE ‘t—{ﬁ&} Inteschange Interchangs | Interchange

Southbound-IF”

[]

April 26, 2023
(IMN-PHSEZ2)

https://iowngf.org/wp-content/uploads/formidable/21/IOWN-GF-RD-IMN-PHSE2-1.0.pdf
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Currently discussed topic: RIC/APN-C  (©~rr

* O-RAN and IGF currently define controllers in each of RAN and APN.
- Non-Real Time RIC/SMO and Near-Real Time RIC in O-RAN architecture
- APN-C in APN architecture

» We need to discuss cooperation between RAN and APN based on these architectures.

>=1s
control loop

Service Management and Orchestration Framework

Legend

—— 3GPP interfaces
~—— O-RAN interfaces

Non-Real Time RIC

02 — T CN.APN
10ms - 1s
control loop
n = CS.APN
X2-c r / : N
E1 X2-u -
| twork ) |
ANAN ————————NG-u o I
Xn-u Ugt
Xn-c
pen -Plane g::‘r:e :n‘;(;v.;rg : I % Gateway F:n;%;r% ‘,‘{ ;Jesemr:e |
Ugt ugt
J ‘ -
User network Open APN service provider network User network
0-Cloud ] Access link m
O-RAN architecture APN architecture
(Figure 5.2-1 of “O-RAN.WG1.0AD-R003-v11.00") (Figure 3.1-7 of “Open APN Functional Architecture-v2.0")
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Cooperation between RIC and APN-C  (©~rr

» We proposed the architecture of optical-wireless cooperative control with eCTl
between RIC and APN-C (or using Local controller)

What is connected
via eCTI

eCTIl connection architecture

Real-time
requirement

Description

- CTI . -
NonRTRicMO. | e
an o CSAPN B )
APN-C MEriane O PN N wireless cooperation.

RU HAPN-G/IH DU HAPN-G/IH CU HAPN-G/I{H CN " Indirect cooperation by E2E
orchestrator is an alternative way.

- CTI i . i - i
Nec?r RT RIC Near-RT RIC e APN-C Middle L%;Tlagsageriﬁleténggwg;g case,
an CS.APN
APN-C E2 G G optical-wireless cooperation and

|| | || | || | indirect cooperation by E2E
RU [APN-G/T] DU [APN-G/ | CU APN-GAT CN orchestrator may be difficult.
Ccu/DU High * This case uses local controller which
and is not clearly specified both

Local controller

Local controller |l Local controller
Control eCTI Control eCTI

RU APN-G/Iq DU APN-G/I CU HAPN-G/I CN

in O-RAN and IGF.
 Local controller has the functions of
both RAN and APN controllers.
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How to cooperate : Non-RT RIC case ©) NTT

* Non-RT RIC functions are implemented as applications called “rApp.”

* Non-RT RIC collects KPIs from CU/DU/RU, analyzes them, and control RAN.
At the same time, it sends message to APN-C via eCTl for APN control.

eCTl is responsible for sending
APN control message from RIC to APN-C

Collection  Analysis ] eCTI APN
rA A — control » control
il o rApp function

Non-RT RIC/SMO

RU APN-G/I DU APN-G/I CU APN-G/I CN
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How to cooperate : Near-RT RIC case

* Near-RT RIC functions are implemented as applications called “xApp.”

* As with the case of Non-RT RIC, Near-RT RIC collects and analyzes KPIs from CU/DU, and
control RAN while sending message to APN-C via eCTl for APN control.

Collection _  Analysis

RU

RAN
— control

xApp xApp XApp

Near-RT RIC

eCTl is responsible for sending

APN control message from RIC to APN-C
eCTI

APN

APN-G/I DU
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APN-G/I

CuU

» control
function

©) N1T

APN-G/I

CN
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How to cooperate : Local controller case ®) nrr

* Local controller is assumed to be located together with CU/DU and APN-G/I in CU or DU site.

* Local controller collects KPIs from CU/DU, analyzes them, and control both RAN and APN.
 eCTl is used to not only collect KPIs from CU/DU but also control CU/DU.

RU

DU site

RAN/APN
— control
function

Collection _  Analysis
function function

Local controller

CU site

RAN/APN
— control
function

Collection _  Analysis
function function

Local controller

eCTI

Control

eCTI

Control

APN-G/I DU

eCTl is responsible for
collecting CU/DU KPIs
and controlling CU/DU

APN-G/I CU
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APN-G/I CN

12



Example use case: Elastic load balancing (© Nt

* DU sleep for Elastic load balancing in RAN is an example use case.
» DU sleeps in low-traffic nighttime and optical path is switched along with this DU sleep

» We currently conducting proof of concept (PoC) for this use case.

7 IOWN
%7 X" GLOBAL FORUM .. ()
RU Site #1
UE || Open APN
RU
o)
RU Site #2 T“’”i“,_ﬁ.‘?-,i-‘_’-""""
RU Traffic: High
Optical path switching
PoC Reference of Mobile Fronthaul over APN . .
oo (1) : along with DU sleep
Classification: APPROVED REFERENCE DOCUMENT Traffic: LGW__..--"""
Confidentiality: PUBLIC RU Site #n T
Version 2.0 UE | « l g
RU Tratfic High| | APN-T

August 23, 2024

[MFH/APN PoC Reference]

https://iowngf.org/wp-content/uploads/formidable/21/IOWN-GF-RD-PoC_Reference_of_MFH_over_APN-2.0.pdf
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DU Site #1

FDN
— | APN-T Ga(ewaym% bu

FDN
APN-T Gateway

DU Site #2

DU sleep in
low-traffic
nighttime

Gl

DU Site #N

DU sleep scenario of elastic load balancing

FDN
GatewaytH% v m

(Figure 3 of “PoC Reference of Mobile Fronthaul over APN")
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Summary ©) N1T

What is connected . . Real-time

. eCTl connection architecture .
via eCT] requirement
Non-RT RIC/SMO Low

Non-RT RIC/SMO

APN-C

and CSAPN
APN-C WP O PN CSAPN
RU —APN-G/IH DU [{APN-G/I[ CU —APN-G/IH CN
- CTI .
Near-RT RIC Near RT RIC e — e
and E2 CS.APN CSAPN
APN-C E PN :

RU APN-G/I[ DU APN-G/I CU APN-G/Iq CN

CU/DU Local controller ll Local controller High
and
Local controller Control|  @CTI| Control|  eCTI

RU APN-G/I[ DU APN-G/I| CU APN-G/Iq CN

* Introduce optical-wireless cooperative control with eCTI for beyond 5G and 6G
* Explain cooperation architecture between RIC and APN-C as a currently discussed topic
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