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Abstract

With rapid growing of 5G wireless communication services, one of the challenges is
the soaring cost of base station deployment. To reduce dependency on a single vendor for
radio access network (RAN) technologies, the goal of the O-RAN organization is to
standardize all the interfaces, so that each element of the base station can be provided by
independent manufacturers.  Furthermore, each Network Function, such as RAN
Intelligence Controller (RIC), O-CU, O-DU, can be provided as a Virtualized Network
Function (VNF) or Containerized Network Function (CNF). Therefore, O-RAN proposed
the concept of O-Cloud to run CNFs on cloud platforms. Among them, the role of O-
Cloud Infrastructure Management Services (IMS) is particularly important. It is
responsible for controlling resources on the entire O-Cloud and providing API services to
the uppermost Service Management and Orchestration Framework (SMO). So far, some
standards and implementations have been released, but many details and tools for
implementation have not been defined. This thesis focuses on the O2 Interface between
the SMO and O-Cloud, providing an elegant solution for design and implementation, and

demonstrating a complete platform for testing O-RAN functions.
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dps ABELR AN pEHFF - APRART kehdh - &AL E B G F
mE o ME e R RFEFIEF P R F e AS - F A5 Apkdr uEE O-
Cloud 1% it o B fs > 3m i 3V p ¢ B PR 5%+ Deployer » 12 % doie i % T
API -
% - & O-Cloud p # i ¥ %

% - B O-Cloud A BIEB M| EW > A v7F WERBIAARTA TG %

F_*

FOSrpFiz > B4rPi Rl R X Uh‘:[* LB B RE R a0 S EAR TR
[6] ¢hie * 54 B O-Cloud® EA2 % 2% %5 S Benh i) Tho
FAFTR - - B PFELEAR TS - ST §IEAPEER O
Cloud A hfim » @ ie S BAPH2 L FirstNode © iz FirstNode + & 7 & i@
T BPRAE % RPFEFERD &G FIIRIE I BIRZE L A PR o

Tkt kT FFE B O-Cloud » iz i p 7 B3 PR3 HL2 % Deployer e

SMO

O-Cloud

//\

-Deployer
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2. 81 & O-Cloud RYFESK -

ﬁﬁi%ﬁi 3. F|rstNode BEXRRE/
REEMAY Node -

1. FEREL FirstNode -

@~ O-Cloud p # i & % # 3% Overview

O-Cloud p # it xﬁ%‘«’w}%mﬁ;,% CAPT UAREA L 440 ART K

Wi

Eg],\

~

€ HIEfEARG PnE o % 1 0 AP F & £ FR-FirstNode 3 T4F > 3 F BE] A f
# T <0 Deployer % XHF TR 7> £ SMO T - H a4 4 - 5 2 4 » SMO ¥ i»
FOCOM i# % % O-Cloud sigfk > & 2 A Forg endrg Fil o * o d F R
% 34 » 7 % FirstNode #-H tﬁﬁg?*fhﬁﬁfé‘ Kok T 3 > @ 2P -higid
Fer- BAPATRII AR B fd o F EB O-Cloud e F 9 =2 0 fs » APy 2
£ % SMO & (i 40 #7111 % 44 ¢ » SMO i (735 o
Fld 5650 chh L HEE 24 o540 5 1 HrLmma PR o
#d %‘u{f; F oAy eReE B IR A i i o 9702 FirstNode B3k 2 pF R R & KR+ F
% FTAF 0 & % Deployer &3 7 » £ #93% Lm”S/’a\T‘LE =R
AAN2HY 5 HFEF PTG B4 O-Cloud fi 8 i F b 0 1 52
2B T FERBF DTG - A
1. OSImage: ¢ SMO #& &7 T 4 eh= 5 URIL -
2. Node MAC Address: #% %% % H?»T*’%,UQ Beip e T Ok o
3. IMS &4 B OCloud e fF - S EHEEIMS 2B Ed SMO %+
TomieBF IMS 2R fF AR O2 Mg APl i {7 > &2 IMS {r DMS

/f—‘g )K{ @~E"I$ API -
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4. DMS F 3t: Node #7/ K8s Cluster - Master Node ~ Worker Node ¥ i» -
5. Resource Pool: Resource Pool 73] 4 -
6. SMO Registration URIL: O-Cloud i+ ¥ %= = {$ & SMO enip =% o

7. O-Cloud ID: ¢ SMO # &1 ID > 12 O-Cloud » SMO & i pFend & 5

Contained Info:

1. OS Imageto use.

2. MAC of nodes.

3. Whois IMS.

4. Role of Nodes. (Under which
DMS cluster)

5. Resource Pools

6. Registration URI on SMO

7. O-Cloud ID

2. U HFE O-Cloud MIFEK -

/’/\
Deployer

1. FENEREYF FirstNode -

B4 O-Cloud p & fF % crosp B¢ 1 22 2

3.1 THEIFFRZER OS Image -
3.3 Deployer A PXE-boot
#HEE Node £ 0S -

O-Cloud
TGOt

Deployer
MaaS

it
|

3.2 Maas -

B~ FirstNode % # # % %% % OS

B+ #7577 % FirstNode & £ = % B % OS ¢ i At AP ims 5 3.1 3330
B 4% 3.1 Deployer ¢ 1345 L% % = # SMO # & H URL ™ §4 #7 F 908 Image-
FHET - Bt o % 329 > Deployer ¢ & £ % % MaaS JRi%° % 3.3 % > MaaS

FI* 2% = #H e 3| MAC Address T30 i@ * MaaS ¥ # # #3 8 Bie 7 PXE
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boot =78 it % % OS o & MaaS §[#8 % % OS BF > § I PF (8 B+ 3K 4% Secure

Shell (SSH) » 2 27 141 % p S §TH & o Bae frn Rl % % -

SMO

F}-

3.4 Deployer £&1E Node ZiFimEES -

Maas || Deployer

|NOdEZ worker || Node-Agent |N0deN worker

B -~ - Deployer §T H s % B % 5977 o

Node-Agent

T -3 347 > B+ - #r7ai Deployer HH s #8 B A i o AP
k3t Y o RARE iR 3 3 B o K8 122 Node-Agent » B~ - ¢ ¢ Master

% Worker T #_K8s ¢ e & > A4 B¢ o B3 FirstNode — *

B % K8s Master »

Hagpents B L Workere @ Node-Agent &5 #* kW & & S8 E b enf T 97

pERFIIRI § T - FF {Fehil e

O-Cloud

| Node2 | worker || Node-Agent

master || Node-Agent

| NOdeNl worker H Node-Agent |

3.5 Deployer 2 IMS - if#% O-Cloud H @4 IMS -
-+ = Deployer % % IMS
Bl-=-F-#HR:ZEEIMS At # ¢ # O-Cloud 4p B F 3112 2 DMS (K8s)
4p B Token — # % IMS>IMS ¢ 41* i& % Token % £2 K8s 8 4% £ % 3% iF IMS
PRy & EEB O2 4G e APL> DMS ¥ 7 it 388 G B 4 6 {7 3B~ * » API
I g RF e FEFAAL o
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4. HE=H -
® SMO &1 -

0O-Cloud

master

| Node2 | worker || Node-Agent

| NodeN | worker Node-Agent

BL= %245 SMO 9 FOCOM it 7 32
B+ = 5t- %% IMS % SMO ¢ c7nFOCOM it 7 B 14 11 » 2 4 SMO
21 O-Cloud @ (g2 % % » 11~ i efiksra 3 » fLSMO % H3-4 2 5lig- #

SMO 4 ¢ 4vif p % gk > @ 2 e Deployer B3 & SMO ¥ 12 i # % 34 i ik

[o=2

ShF R o TR € A F 0% = &3 f# Deployer % % o
5 % O-Cloud e 5|t ¢ ig & o ix O-Cloud ~ /| HH b » BREG ¥ 1%

PG AR wmE g Y RO HREIRER -
5% O-Cloudﬁ“]‘,f

e O-RAN #f= 7 32 5 g O-Cloud 'J% B8 0 #7144 O-Cloud e | ",ﬁi

APk e A P (FFF o B L o

statusMessage
e 4 Deploy Maas.
Register VM on MaasS.
Commission VM.

A. E{E O-Cloud 82VM iz Deploy Machines.

RSE HHESRE OS Set Environment for k8s.
A+ k8s Cluster

o N

Create k8s clusters.
Deploy Node-Agent on each node.
Deploy IMS.
Deployment Finished.

Bz = @7 1 0-Cloud #]% & 5%
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ARl ¢ A e B OFEE S
A. M“,f%?fﬁ O-Cloud # #& FirstNode: £ £#7iw % pFr > Z & £ $% 2
FirstNode #% & % -
B. ¥ T FirstNode+MaaS: 2 % % MaaS spFfF -
C. T%}”g WEILZREAMZTEOS 27 EMFERTEEX XK &
Node-Agent °
D. & M"ﬁ K8s Cluster: i ¥ K8s Cluster 2£% {CpF R » #7120 % T K8s
Cluster ¥ viE £ AT F PR o
BUAAPERPFRAOLIEAB RFLF - BB ER 2
K& gy eni * FEARRM IS > blder - BE RIS EREROT KT EE %
B ®Be0-Cloud » £ #7iF & — B | 590-Cloud » & §_F ¥ Rt =
## 3 3 v O-Cloud - M“ﬁ% O-Cloud s APL /i & Pt § &% e R 3w A 5 o
% = & Deployer
Deployer &_#¢ i/ B 3 ki (7 & i O-Cloud v ¥ —E’i’q“*'l“f ePRAR 0 i B AP *
REST 2 4£[11]» & 4~ & % 4o & B4 7 957 » 47 kA § #5 B AP e

B TP o @ F 2 AP o

/v1

/deployment

A

Y

/script

Y

/machine

B~ 1 Deployer API $~ i* 2% 3¢
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API

Create
Script

Get All
Scripts

Get
Script

Delete
Script

Deployer Script 4= ¢ API
METHOD URI Example Response Code Response Body
curl -X 'POST'\

‘http://<first_node_ip_addr>:8080/v1/scripts' \
-H 'accept: applicationfjson’ \
-H 'Content-Type: application/json’ \ 201
-d '(
"name": "test script”,
"description": "Test on create a new script.",
"machines": [],
"imageURI": "/path/to/image",
"registrationURI"; "/path/to/registration”
“resourcePools”: [{“poolld™ “pool0000-0000- { e
0000-0000-000000000000”, 400 "message": “string
“‘poolName”: “cloud0-pool0”}] }
¥
curl -X'GET'\ [
GET Iv1/scripts ‘http://<first_node_ip_addr>:8080/v1/scripts' \ 200 ScriptObject1, ScriptObject2...
-H 'accept: application/json’ 1

"scriptld": "string"

}

POST NA/scripts

{
"secriptld": "string",
"name": "string",

. : 200 "description": "string",
curl -X'GET'\ "machines": [],
GET INA/script/  ‘http://<first_node_ip_addr>:8080/v1/script/04c1a "imageURI": "string",
{scriptiD}  a02-3a58-41e5-b4f7-c940a0959fc5' \ "registrationURI": "string*
-H 'accept: application/json’ }
404 "message": “string”
}
curl -X 'DELETE'"\ 204
DELETE Iv1/script/  ‘http:/<first_node_ip_addr>:8080/v1/script/04c1a
{scriptiD}  a02-3a58-41e5-b4f7-c940a0959fc5' \ 404 N " “string”
-H 'accept: application/json’ } message’. 'siring

B Ao & - % Script 4 e APL* 2 1 2 ¥ gy fc Bl e i 4 # 0 Script i B 4

2

BE R E O EIT KB O-Cloud ERFR > @485 & B & PR & itdo

- .

1. scriptld: * % #:8 Script # # ehUniversally Unique Identifier (UUID)[12] -

& POST f5 %7 (5 ¢ w 18 -

2. name: p* Script 4 i 9 L FC o
3. description: * %5 i Script $ i o

4. machines: #* O-Cloud p %75 8 B F 3 » ¥ 3t 4] Script 47 2 pF— & 4

~ o fNF 2 18 F *hFTHE o Machine # 2 eEimp B4 T A Rk o
E L

5. imageURL: & SMO # &7 §* OS Image =4t

6. registrationURI: O-Cloud f# % % = £ & » SMO ¥ 7 FOCOM :f =yt o

—N

7. resourcePools: ¢ { iz O-Cloud ¢ ) 3.7 Resource Pool % fptdn € v 14

s

® ATH Machine F¥ € £ {74 % > Resource Pool 4= i+ 5 & i (&7 & = 5
18
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& > 7poolld” 14 % “poolName” o

# = Deployer Machine # i API

API METHOD URI Example Respo
nse
Code
curl -X'POST'\
'http://<first_node_ip_addr>:8080/v1/scripts/1/machines
"\
-H 'accept: application/json' \ 201
-H 'Content-Type: application/json’ \
-d{
. . "name": “node1",
“j‘:"e:.te POST /;’Igsfc"'pﬂé?c“p “MAC": "52:54:00:37:00:01",
achine }/machines "IMS™ true,
“cluster": 0,
“master": true, 400
‘worker": true,
“poolld”: “pool0000-0000-0000-0000-000000000000",
“poolName”: “cloud0-pool0”,
¥
curl -X'GET'\
Get All I1/script/{scrip  ‘http://<first_node_ip_addr=:8080/v1/script/1/machines'
. GET N 200
Machines tID}¥machines \
-H 'accept: application/json’
‘ . curl -X'GET"\ 200
Get =T b ‘t’ly}fﬁ::’cf;‘;'/'(p "http://<first_node_ip_addr>:8080/v1/script/1//machine/0
Machine machinel D} f52c978-3cd9-4564-aac3-bfcd9c936b96' \
-H 'accept: application/json’
404
e . 204
N/scripti(scrip  Cul X 'DELETE" ) )
Delete DELETE tidymachine’ http://192.168.10.2:8080/v1/script/1/machine/0f52c978
Machine machinel D} -3cd9-4564-aac3-bfcd9c936b96" \ 404

-H 'accept: application/json’

Response Body

{

"machineld": "string"

}
"message": “string”

[
MachineObject1, MachineObject2...
1

"name": "string",
"MAC": "string",
"cluster": 0,
"IMS": true,
"master": true,
"worker": true,
"poolld": "string",
"poolName": "string",
"statusMessage": "BareMetal",
"IP": "null"

}

{

"message": “string”

{
"message"; “string”
}

# = % Machine 4~ 2 e4p B API > I 4ok #73% > Machine &~ 2 ¥ 12 4 £33

Script 4 2 pF— & £ » 77 & —“F’f % Script £]5F % 15 XTH & ¥ 'J",ﬁE J

Ap R B Ao

@ Machine = i+ e

1. machineld: * k#% Machine 4= # c7 UUID » & POST = # {5 § » & o

2. name: ¢ Machine $ i 0 & fi o
3. MAC: &2
4. cluster:

fr — 1 Cluster °

®eIMACAddress > & > - B » i= PXE i * -

T e ¥ B K8s Cluster %05 %5l 5 #cF > F BEF L3 &

5. IMS: iz s A8 F 5 IMS> A B Script ¢ &% 5 — i Machine 3

’QTrue’Q °
6. master: ¥ F 7 #7/% K8s Cluster » ¢ Master °
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MaaS ¥ & - # ® =

% 74 K8s Cluster # 7 Worker °

e

s % B

% : ”BareMetal” ~ ”Commissioning” ~ ”Testing” ~”Ready” ~ "Deploying” 1«

=3
U

7. worker: # % % G
8. poolld: # 3] 4 #1 Resource Pool ID -
9. poolName: ##]4 7 Resource Pool & # o
10. statusMessage:
% > Deployed” > 4B+ = -
11. IP: & MaaS §liz S B+ %

GdkAs k> 0T 14 5 SSH Y

"machineId": "bdc51c95-241a-4dd2-81ch-c7bd425fd14d",
"name": "node2",

"MAC": "52:54:00:37:00:02",

“cluster": 0,

"INS": false,

"master": false,

"worker": true,

"poolId": "pool0006-6000-0060-0600-000000000000",
“poolName": "cloudo-poold",

"statusMessage": "BareMetal",

"IP": "null"

1. BareMetal

"machineld": "bdc51c95-241a-4dd2-81ch-c7hdd25fd14d",
"name": "node2",

"MAC": "52:54:00:37:00:62",

"cluster": ¢,

"INS": false,

"master": false,

"worker": true,

"poolId": "pool6600-0000-0000-0060-000000000000",
"poolName": "cloudd-poold"”,

"statusMessage": "Ready",

"IP": "null"

4. Ready

"nachineld": "bdc51c95-241a-4dd2-81ch-c7bd425fd14d", |

"MAC":

"cluster": 0,

"INS":

"master": false,

": "node2",

52:54:00:37:00:02",

false,

"worker": true,

"poolId": "pool0060-6000-6000-0000-000000000000",
"poolName": "cloudd-poold”,

"statusMessage": "Comnissioning",

ngpt !

"nachineld": "bdc51¢95-241a-4dd2-81ch-cThd425fd14d",
"name":

"MAC":

"cluster": 0,
"INS": false,
“"master": false,

"worker": true,

"poolId": "pool0060-0060-0000-0000-000000000060",
"poolName": "cloud0-poold”,

"statusMessage": "Deploying",

Ips

B+

"null"

2. Commissioning

node2",
2:54:00:37:00:02",

“null"

5. Deploying

= ¢ »Deployer ¢ = i& - #% % 77 IP Address

"nachineId": "bdc51c95-241a-4dd2-81ch-c7bdd25fd14d",
: "node2",
54:00:37:00:02",
"cluster": 0,

"INS": false,
"master": false,

"worker": true,

"poolId": "pool0060-0600-0000-0060-000000000000",
"poolName": "cloud0-pool0”,

"statusMessage": "Testing",

“"IP": "null"

3. Testing

"machineId": "b4c51¢95-241a-4dd2-81ch-c7hd425fd14d",
"name": "node2",

"MAC": "52:54:00:37:00:02",

"cluster": 0,

"INS": false,

"master": false,

"worker": true,

"poolId": "pool0060-0600-0000-0000-600060000000",
"poolNane": "cloudo-poole”,

"statusMessage": "Deployed",

"IP": "192.168.10.3"

6. Deployed

Machine statusMessage 3,
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# = Deployer Deployment 4~ i API

API METHOD URI Example Respons Response Body
e Code
curl -X 'POST'\
'http://<first_node_ip_addr>:8080/v1/deployme (
nts'\ ", M Moot
-H 'accept: application/json’ \ 201 'deploymentld": "string
-H 'Content-Type: application/json' \ }
-d Y
Create "name": "DeployOCloudFirst",
Deployment BOST (vildeplaymeats "description": "Test create a deployment.",
"scriptld": “04c1aa02-3a58-41e5-b4f7-
¢940a0959fc5", { )
“oCloudld": "cloud000-0000-0000-0000- 400 "message": “string”
000000000000°, }
"oCloudName": "cloud0",
¥
curl -X 'GET'\ [
Get All 'http://<first_node_ip_addr>:8080/v1/deployme DeploymentObject1,
Deployment SET {ui/deploviments nts'\ 200 DeploymentObject2,
-H 'accept: application/json' ]
"deploymentld": "string",
"name"; "string",
"description": "string",
5 : "scriptld": "string",
curl -X 'GET'\ 200 "oCloudld": "string",
Get GET Iv1/deployment/{  ‘http://<first_node_ip_addr>:8080/v1/deployme "oCloudName": "string",
Deployment deploymentID} nt/f6a7781c-a511-4ede-a6a9-df47b00b7deS" \ "statusMessage": "Deployment
-H 'accept: application/json' Created."
}
{
404 "message": “string”
curl -X 'DELETE’\ 204
Delete DELETE /v1/deployment/{ ‘http:/<first_node_ip_addr>:8080/v1/deployme
Deployment deploymentID} nt/f6a7781c-a511-4ede-a6a9-df47b00b7de5' \ a (" W
-H 'accept: application/json’ 40 ; message": “string

Deployment 4 i X £ H 5 — S enis F > pir it f’rl%frigf—‘fi’ul”‘]%fjﬁk\ B2 O-
Cloud =i ¥ léi’%“‘]"ﬁi » @ 3 B Deployment 4+ i (g $g i 4o

1. deploymentld: * %3 Machine 4> # 53 UUID » % POST {5 = # {5 ¢ w
i# o

2. name: } Deployment 3~ i+ 9 ¢ e

3. description: * % # it Deployment 3= £ o

4. scriptld: 7% O-Cloud F 3 £ Script 47 i -

5. oCloudld: iz O-Cloud 0 ID > 4 SMO %] & ‘& -

6. oCloudName: iz O-Cloud ch &4 > 4 SMO # i & & -

7. statusMessage: i ¥ ek A5 0 & B 5 :” Deploy MaaS.” ~ ”” Register VM on
MaaS.” ~ ” Commission VM.” ~ ” Deploy Machines.” ~ ”” Set Environment for

k8s.” ~ 7 Create k8s clusters.” ~ ” Deploy Node-Agent on each node.” ~ ”” Deploy

21
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{

IMS.” 1 %

“deploymentId": "ab86580c-26a6-48a0-95c4-al27cd19a21a",
"name": "test deployment"

“description”: "test deployment”,

"scriptId": "a58ablas-6d29-47ca-9451-6e10e628ac23",
"oCloudId": "cloud60e-6060-6000-0000-000006000000",

"oCloudName" :

"deploymentId": "ab80580c-26a6-48a0-95c4-al27cd19a21a",

"name": "test deployment"

"description”: “test deployment"
"a58abla5-6d29-47ca-9451-6el0e628ac23",

"oCloudId": "cloudé0e-6060-0000-0000-600000000000",

"oCloudName": “cloude"

"statusMessage": "Deploy Machines."

4. Deploy Machines.

"deploymentId": "ab80580c-26a6-48a0-95¢4-al27cd19a21a",

"name": "test deployment"

"description”: "test deployment"

"scriptId": “a58ablas-6d29-47ca-9451-6el0e628ac23",

"¢loud060-06000-0000-0600-000000000000",
‘cloude"”,

"oCloudId"
"oCloudNane":
"statusMessage": "Deploy Node-Agent on each node."

7. Deploy Node-Agent
on each node.

{

“deploymentId": "ab80580c-26a6-48a0-95c4-al27cd19a21a"
"name": "test deployment",
: "test deployment",
a58abla5-6d29-47ca-9451-6el0e628ac23",
Loud60e-06060-0060-0000-000000000000" ,
cloudo",
"statusMessage": "Register VM on MaaS."

"deploymentId": "069a5788-25b0-4e98-a931-3989af897aa4",

"name": "test deployment"

“description”: "test deployment",
aa8alee8-90fa-40a3-9615-3f79662dac3e",
cloud000-0000-0000-0000-000000000000",

% cloude"”,

"statusMessage": "Set Environment for kgs."

"deploynentId": "ab80580c-26a6-48a0-95¢4-al27cd19a21a",
: "test deployment",
ion": "test deployment",
'a58ab1a5-6d29-47¢a-9451-6e10e628ac23",
cloud60e-0606-6060-0000-060000000000",
” : "cloudo",

"statusMessage": "Deploy INS."

8. Deploy IMS.

” Deployment Finished.” » 4c ]+ = -

"ab80580c-26a6-48a0-95¢4-al27cd19a21a",

"deploynentId":

58abla5-6d29-47ca-9451-6e10e628ac23",
Toud060-06000-0000-0000-000000000000",
loudo",

"statusMessage": "Commission VM."

3. Commission VM.

"deploymentId": "ab80580c-26a6-48a0-95¢4-a127cd19a21a"
"name": "test deployment",
"description": “test deployment"
'a58abla5-6d29-47ca-9451-6e10e628ac23",
Toud066-0000-0060-06000-000000000000",
loude",
"Create x-k8s clusters."

6. Create k8s clusters.

{
"deploynentId": "ab80580c-26a6-48a0-95¢4-al27cd19a21a",

"name": "test deployment"

"descripti “test deployment",
58abla5-6d29-47ca-9451-6el0e628ac23",
Loud600-0006-0000-0000-000000000000",

"scriptId
"oCloudId
" : "cloude",

: "Deployment Finished."

9. Deployment Finished.

B+ - Deployment statusMessage &,
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yr¥ O2he#nqPpgir
B¥E B O-RAN 112 O-Cloud % #7 = fFs » 5 v Bindiih 02
hd ST EFPRIEF G > 02 A6 ¥ U A 2 B D IMS 22 DMS o 4 i A pt A X = &
WA > % - & 5 Infrastructure Inventories » % = & £_IMS & i ehF iR B IRI: > 5
{s— &0 5 DMS 1% & #:K8s 5 ¥ CNF b it -

% — & Infrastructure Inventories
= |IMS API

Prefix: /02ims_infrastructurelnventory/vl/

O-Cloud Info E / GET 0-Cloud Description
[resourceTypes GET Resource Type List
JresourceTypes/{resourceTypeld GET Resource Type Description
[resourcePools GET Resource Pool List
/[resourcePools/{resourcePoolld} GET Resource Pool Description
/resourcePools/{resourcePoolld} GET Resource List
/resources
/resourcePools/{resourcePoolld} GET Resource Description
— /resources/{resourceld}
/deploymentManagers GET Deployment Manager List
DMS Info
/deploymentManagers/{deploymentManagerld} GET Deployment Manager Description
/subscriptions GET Inventory Subscription List
o /subscriptions POST Inventory Subscription List
Subscriptions P y P
/subscriptions/{subscriptionld} GET Inventory Subscription Description
/subscriptions/{subscriptionld} DELETE Inventory Subscription Description

Zw 5 IMS efp B API 12 2 ¥ i ehst iy 4L IMShAPLA & & S o i > A
% :0-Cloud F 3t ~ Resources (§ 18 7 /R 4p b ) ~ DMS T30 2 88 F R B PRA%
AP inE - - 4
£- ] & O-Cloud F#

% 4 IMS ###% i1 0-Cloud T3 4- B+ ~ > # # O-Cloud ID ~ %4 % F3u
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"oCloudId": "cloud©©e-0000-0000-0000-000000000000",

"globalCloudId™: null,
"name"”: "cloud@®”,

"description™: "An ocloud”,

“infrastructureManagementServiceEndpoint”: “http://localhost:5005/02ims_infrastructurelnventory/vl/"
B+ ~ IMS API #& &7 O-Cloud % 3t
FoL® RMFTARTR

"resourcePoolld": "pool0006-0000-0000-0000-000000000000",
“name”: "cloud@-pool@”,

"globallocationId"”: "pool0000-06000-0000-0000-000000000000",

"location”: "hsinchul™,
“description”: "A Resource Pool"

B+ 4 IMS API 3 i 52 Resource Pool 3t

B4

& JE_IMS } j& ## 1 Resource Pool F 3t » 2V i # 11 i¢ * iz % Resource

Pool s ID k#&F KT 75 F M F R ’:}f’éﬁ*,ﬁé%?ﬁﬂ%}: N RN
TR PZ S AMA g Resource ID > @ AT B HRHF LA P T
R BT Bl L - 2@ Lo @ s o ulkET g _Nodel F e CPU 112 Bt 4

mFAF R ANPEL TR

ALied RE® Tparentld” HiF TRl LY w- B

Resource &7 “resourceld” jﬁfi e+ §_a05acb2e-45fe-4883-851b-08bddcf7b0b8”
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“resourceld": "aB5acble-45fe-4883-851b-08bddcf7bBb8",
"resourceTypeld"”: "0c96ddfc-eefl-44b3-b20d-bOf6clalfo77",
“resourcePoolld"”: "pool0g0e-0000-0000-0000-000000000000",
"name”: "nodel”,

"parentld”: "pool00e0-0000-0000-0000-000000000000" ,
“description”: "A physical server resource"

"resourceld": "8bc7e79d-41b7-4c02-940b-06b0adl2e740",
"resourceTypeld"”: "0c96ddfc-eefl-44b3-b20d-bOf6clalfo77",
“resourcePoolld": "poolS080-0000-0000-0000-000000000000",

name”: "nodel@",
“parentld”: "pool0ee0-0000-0000-0000-200000000000" ,
"description”: "A physical server resource”

"resourceld": "06887267-01be-4512-aabl-6alf78b8896c",
"resourceTypeld”: "0c96ddfc-eefl-44b3-b20d-bOf6clalfo77",
"resourcePoolld": "pool9000-0000-0000-0000-000000000000",
"name”: "node2”,

"parentld”: "pool0600-0000-0000-0000-000000000000" ,
"description”: "A physical server resource"

Bl - - IMS Resource Pool & ™ e %8 1 %

"resourceld": "52ble9fd-ec@7-3bca-9548-f75315947076",
"resourceTypeld”: "ea3ddac25-7d17-41d6-8642-9cf53b36fabc"”,
“resourcePoolld": "pool0600-0000-6000-0000-000000000000",
“name”: "a@S5acb2e-45fe-4883-851b-08bddcf7bObB-cpu-0",
"parentld”: "a@5acble-45fe-4883-851b-08bddcf7bObB",
"description”: "A CPU resource of the physical server”

Bl= +- - Nodel } e CPU Tk

"resourceld": "d158c20c-8b53-3f4f-8ad9-95d7c67fbebd",
"resourceTypeld”: "93ef92a6-cf89-480a-8a5¢c-3105a6104835",
“resourcePoolld”: "pool0000-0000-0000-0000-000000000000",

"name”: "a@5acble-45fe-4883-851b-08bddcf7bObB-if-calidbdd3fee2b7",
“parentld”: "a@5acble-45fe-4883-851b-08bddcf7bObs",
"description”: "An interface resource of the physical server"

Bl= - = Nodel } ehieit /i 6 + F ik
25

do1:10.6837/ncnu202200101



=& DMS §F#

"deploymentManagerId”: "cc2a782d-c151-36e0-9f58-96¢f07543cde",
“name”: "kBs-cluster®",

"description": "A DMS",
"deploymentManagementServiceEndpoint™: "http://localhost:50@5/02dms/v1/cc2a782d-c151-36e0-9f58-96cf87543cde” ,

Bl- -+ = fIMS B DMS 7t

Bl L= 8 IMS F #7EP-cn DMS 3 4, » i@ i 4 & ¥ 1L E B DMS e
ID> %02 4 & " DMS API i¢ * iz g ID izfﬂ Z_DMS i {7# iF o

% w -] & Subscription

SMO O-Cloud

IMS E Node-Agent

1. 53 subscription R
2. subscription ID p

3.78I5t CallBack 10s
EXREIRIRAE
4. Failure B R A

5. Subscription zE 5B

4. Success

5. Subscription FEft A IH

Fault .

6. 253X Alert

Bl=- +w 7RS4 F R (Subscription) % £ Bl

TR F AT R (Subscription) st it d TR ILIIES B AP AR

B

i

FRKRET  AAEELIMS § Z(F 10F)e & o B AP hF 1

Dt
©

L o

=

1. = % > d SMO 5 FOCOM = IMS % 137§ m;fr?» » T i‘téfrﬁ’»" F N e
% 4 Alert & =% v 51 CallBack =4t o
2. IMS £ 7 p)3& CallBack =74 i o
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3. FOCOM w4 CallBack K & & prgt = 7 o

4. 4v% FOCOM w % CallBack =7 » A] IMS ¢ % 4 FOCOM % Hiip =
¥ oo % preris IMS Rl E BB X TR o

5. %7 Fault # 2 &> doF R R ARl —*Ff & * A28 "LEE 0 B IMS %Ag o
CallBack i &= FOCOM -

% = % Node-Agent

IMS

A
Request Resource Info

Node Node-Agent

Periodic Call
(per 10 second)

collector

®l= -7 Node-Agent :8 i¥ 7 1

STEEE P BT IRT N > Node-Agent § H 7% S B > 77

=

i IMS SEPF P~ F M T R B PPRAE (4ot CPU ehi % 5~ et 4 g + ok
fi)ed W EE CPU R * 2/ F R EF Lk (Blocking) dfkin » @ A2 F ¥
IMS AP TR 2R\ EHF > 02 Node-Agent c7F it)f-“u'«‘?\'?;ﬁF(IO F)EE
pEBHT N SRS FIMS K EB - Bl LT o

j€_Node-Agent F FF[cnCPU M 2 et fic + T > A B 5B+ 2 F=
L= ¥4 3] CPU thé B e (Core) e * Ffoieis /i o + 43 1 i (72

E'/I)}F o
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¥ Cpu:
timestamp:
w util:
cpub:
cpul:

"2022-06-27T03:45:25"

0
9.090969090909093

Bl- - = Node-Agent } 7 CPU F ik i * 3 F 3

v ens2:
create time:
last transition time:

running:

"2022-06-26T17:52:45"
"2022-06-26T17:52:45"

up: 1
Bl= - = Node-Agent } e /i o + & f5 3
¥ = & DMS
%1 DMS API
Prefix. Jo2dms/v1/{deploymentManagerl D}
HTTP
DMS Info [ / GET DMS
/02dms_DeploymentLifecycle/NfDeployment GET NF Deployment List
/02dms_DeploymentLifecycle/NfDeployment POST Create a NF Deployment
/02dms_DeploymentLifecycle/NfDeployment/{nfDeploymentid} GET NF Deployment Description
/02dms_DeploymentLifecycle/NfDeployment/{nfDeploymentid} PUT Update NF Deployment
/02dms_DeploymentLifecycle/NfDeployment/{nfDeploymentid} DELETE Delete NF Deployment
B /02dms_DeploymentLifecycle/NfDeploymentDescriptor GET  NF Deployment Descriptor Description
/02dms_DeploymentLifecycle/NfDeploymentDescriptor POST  Create a NF Deployment Descriptor List
NF /02dms_DeploymentLifecycle/NfDeploymentDescriptor/{nfDeploymentDescriptorld} ~ GET Deployment Manager Description
Deployment T -
Descriptor /02dms_DeploymentLifecycle/NfDeploymentDescriptor/{nfDeploymentDescriptorld) ~ PUT L] D:Eclr)igilg:t 28
/02dms_DeploymentLifecycle/NfDeploymentDescriptor/{nfDeploymentDescriptorid} ~ DELETE s Cre;::cl;li:t[;e:ployment

DMS # & NF 4p B x5 > DMS
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# 7 %77 % DMSAPD 4 % = # :DMS 7 3 ~NF Deployment # NF Deployment

Descriptor - DMS F 3t 22 IMS ! chjp fe > ’&_ﬁ“fjﬁ;% Hf o

NF Deployment Descriptor #]#_NF Deployment 93 3t » 4Bl = + ~ » K8s i¢

* 78 Helm[13] k&= NF e % « A £ 2 &2 2 4 Helm Chart # 7 %

Github[14] + » % ~artifactRepoUrl” # » Github Repository i3t » - * 3 % Helm

Chart = & f ” artifactName” » NF Deployment Descriptor ﬁ*u SHEZFT o mEFR

* iz % NF Deployment Descriptor 7 ID £]i& #7¢7 NF Deployment » CNF fi*u € AR I

¥ & DMS } -

"id": "string",

"name”: “"string",
"description”: "string”,
"inputParams": "string",

“outputParams”: “string",
"artifactRepolUrl”: "string",
"artifactName": “"string"

B= - ~ NF Deployment Descriptor 3 3t

ET Ok AR 54 B kBT NF Deployment i % » 4ol L4 o

1.

2.

NFO  DMS # 2= = NF Deployment Descriptor ef7g4 ©

DMS w % #71: * 1 NF Deployment Descriptor 4 i ID o

£ ¥ 'NFO £ » DMS & * k|- & = e NF Deployment Descriptor 7 ID %
NF Deployment 4~ i+ o

DMS w % #7i * 0 NF Deployment 4~ i ID o

DMS #2345 NF Deployment Descriptor 4= i+ » & K8s 7 API Server & *
NF #+% chsid 2 (K8s 4+ 127 5 5 ) o

K8s API Server ® 4+ 22 = £ 7 (5. fr6. % 3+ 4 & 1 NF)

DMS % % NFO » NF © G4t 4 & o

NF = OAM (Operations, Administration and Maintenance) I -
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9. (Optiona) OAM ¥ M i%:F Ol i HNFEFFR T (KEFT A 5 FX)e
10. (Optional) NF # % OAM &7k 2 = 5 o
SMO 0O-Cloud
K8s API
NFO DMS Server
1. #1311 NF Deployment Descriptor 02 Inte rface
2. NF Deployment Descriptor ID
i 3. 3211 NF Deployment
4. NF Deployment ID -(LT)O_p) —————— NF
5. BYIFRE K8s ¥tk
6. ERAIN &Rk NF

7. B NF E&£R

s.Nnemoamiam | Ol Interface

(Optional)

Bl -1 NF Deployment ;42 ]

@ #1%% NF Deployment S ﬁiﬁfwfﬁ HEE > Bz -+ o

1.

2.

NFO » DMS % )¢ 'J% NF Deployment Descriptor 7534 o

DMS 243 NF Deployment ID 45 3| 4p $ & <7 NF » ¥ % K8s 57 API Server

PIEARBE 0 K8s 7 2 (K8s 4+ 27 5 5 ) -

K8s API Server v i 4~ i¢ %”'J“,% R AL (2. fo 3. AR 0 BN AK O

- NF) -

DMS % NFO w 3¢ NF @ J”'J",f °
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0O-Cloud

K8s API
DMS Server NF

1. flik®% NF Deployment

2. MIERAHE] K8s ¥4
3. IR AXIH #21F NF

4. EIERMIER NF Deployment5E i

®= -+ #I4 NF Deployment i 2 ]
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FEHRBEE LTS EH O HIPEE > A PR R (VM) 52 50k
M FAART SRR R o A2 SR EEHE T QEMU+KVM[15]

N AFTHATIELA F > F - FEP AP R T HRERIER ¥ =
Hizdom f1r QEMU+AKVM ZE K 2 m#18 > © B8 F MR8 i * i -
¥ RARBEERR

& O-Cloud * d % PXE MRitci94] > A e cfeia ki 3 & 24 DHCP
Server » & FF ¥ M ¥eh@aeng 4 o AP ZT 8 - B NAT (Network Address
Translation) #§t o 24 & * 7 Ixd Bridge ® § 1Tt g3k 8 > 5 € * ”lxcnetwork
show Ixdbr0” %% ¢ Bridge 3% %o &7 — & = R &P fdg 4 ¢ 45 2+ Bridge
T A E 4o~ i NAT Network o % 0 2 b o fad 2 58 B0 R ¥ 004 2
BB G O MACAddress® @ &% { & F e * [F5 > Ao
52:54:00:37:00:XX » & {¢ - B Byte “XX” 5 # B 5 o &#]: Nodel 3 MAC

Address T 5 52:54:00:37:00:01 » it 55 de o

$ sudo lxc network show lxdbre

config:
ipv4.address: 192.168.10.1/24
ipv4.dhcp: "false"
ipv4.nat: "true”
ipv6.address: none
description:

1xdbre
bridge

=+ - #&* ”Ixcnetwork show Ixdbr0” &g -+ 1 Bridge 3%k <
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o8 RHRER
A2 B kAR

HOST

Intel(R) Xeon(R) Gold

CPU 6152 CPU @ 2.10GHz
22 Cores 44 Threads
memory 220 GB

A5 B o @ A B4 NS u L FirstNode 122 HepaE L
# #(Node) 23+ > d ** FirstNode & # iz O-Cloud i+ ¥ —‘F% 1 (s F]pt A2
£ 3k FirstNode eh2R.42 2 5¢ = £ > 11— 3 20 # Node 77 O-Cloud * 3 f 4+ &
4 16 i vCPU 2 2 8GB iz fa il -

% = FirstNode & #% #8 4L#

FirstNode

Hypervisor QEMU 2.11.1 + KVM
vCPU 16
memory 8 GB
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BN - AR LY

Node
Hypervisor QEMU 2.11.1 + KVM
vCPU 2
memory 2GB

LHJF > APt QEMUTKVM % %3 A 4Hs » AP 7 £ 1* Vit
install[16] i1 & &k 4 = m#HH XML 4 > £ * Libvirt[17] <01 % Virsh k2
ZmE o M= 5@ Virt-install e bldp £ 0 H P BE R R 0

1. 7--boot=network™: &3zt &t € @ * PXE B R 4%

2. 1% 7 --network bridge:Ixdbr0,mac=52:54:00:37:00:02,model=virtio”: &

BEFE NPT @ * 0 Bridge 5 - & ¢ #7r3& T7 VIxdbr0” Bridge’

MOE R E T A G0 MAC Address 0 @ B 18 e “model=virtio” ¥ &_E 1@
AZ - B FRE G % £ Collision » 3w L Fifdd— o

virt-install --virt-type kvm \

--name node2 \

--vcpu=2 \

--ram 2848 \

--boot=network \

--disk path=/path/to/disk.qcow?,format=qcow2,size=20 \
--network bridge:1xdbr®,mac=52:54:00:37:00:02,model=virtio \
--graphics none \

--noautoconsole 3\

--print-xml

Bl = -+ - Virt-install gsa .';.HF] £
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FHR ARG AP HkE A KRR 2 L 2 40

Host
192.168.10.1
192.168.10.2 QEMU-KVM
Node2 NodeN
ens3 ens3
|| NAT Network
ixdbr0 No DHCP
192.168.10.0/24

M=z F%%5 %N

fn
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$r %L
TR TONARI R FHRRBERL AR R EL AT - FB Y- §E
7+ O-Cloud p & iv ¥ 12 % Mxﬁg H4L P o

% - & O-Cloud p # i % jp¥

A [5] Node B £ O-Cloud i ZHF

80
70 66.97
60 55.72
50 45.74
E 40 36.32
b4 31.96
i
ﬁ‘ 30
=
20
10
. [ [ . . .
2 5 10 15 20
m Deploy Maas M Register VM Commission VM Deploy Machines
M Set Environment for k8s  ® Create k8s (1 cluster) W Deploy Node-Agent W Deploy IMS
Node &

Bl= L2 7 F Node #i# 9 O-Cloud i ¥ pF &

Bzt 272 k% (Node) #E 1 O-Cloud ff § /(5§ - & DMS> + &
4 — 1 K8sCluster): A Bl ¥ AP+ uﬁ RoHY i.@%&f,&«%’ﬂg@:i K8s P& #7342 »
f ORI L P AP R o R PERE R KSR 0 Node dc &2 4L pF
R RIFTEL AP E o

B Aoy IE ST EMEF Aok BARBRGEGF FHE AR
& jaE 2 K8s el B 4™ £ o @ iz = K8s Cluster P > 2 94 W] BLEE TR
i * & o @ A CPU -~ éP—*&‘é@ﬁ%li (Network Throughput) ~ 3z 548 & ¥ & 208
» (Disk1/0) » &=+ %KA\E%FE'?;K;‘;’,% S R - 3 == e IR SEEEL SR NE L A mp%rg,??m

SRS SRR LA o RS sl
E O-Cloudﬂ‘l'ﬁ%#ﬂ?

Bl= -7 5% F Node ﬁcéﬁO-CloudM“fFﬁFﬁ » 2L A ¥ 123 Node #icE ¥
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O-Cloud 1% e 32 § 46 o A M2 62 M AT AT 1% 3

R [F] Node % &1 O-Cloud fi 8% i

5
4.5
4
3.5
—~ 3
% 2.2 1.69 1.77 00 1.98 =
w g
& 15
1
0
2 5 10 15 20
W Tear Down IMS m Tear Down Node-Agnet m Delete K8s Cluster(1 cluster) m Delete Machines
Node &

Bl= -+ 37 % F Node #& & 1 O-Cloud M‘ffﬂ#ﬁ*
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¥-% BHAEAREY
- & B3
"% O-RAN ehif i e id % F s B - dpRl e (T2 R ¢ p i 4 > & &
iPl:& CNF # 0 Eﬁ%rj&g ZE-BasgFirend BB o F B AFEE Y
sy AR AT RERPREBREEL AL E

—=

_E’_g‘ s M E ] P awrf‘hE‘.fﬁr}
R R R E - A& (Starlingx) > ALY TRy § TR AT F I E 7§ o

AAY D - BAEERRIFE - 259 O-Cloud F 152 3% > § 2 Eehis 5

FESZaNE B9 ¢ ZIBRYFRDOFR AR L P R G o TP R
¥ amEERB G F O-Cloud i 27 %Ik E - $304p #3811 H O-CU ~ O-DU
9% F%41* O-Cloud i ¥ chF sk 3 ¥ 5 o

528 AREY
P O-RAN m 3 3% 5 A4k € & 0ié¢ * {73 > 4 Monitoring ¥ JR3% > O-Cloud

bk ken® Ao ATE R R (PR R FPRET S LE Wl sgy

gfj—%ra. o
PR R Y R AT kAN OCloud 2 B4 T 4 oRE Y &
S cE i b Adeim bt E 18] R TR R TR LKL EET

P?}:ﬁﬂi’p“%g°
b2 th s Bk Jdek f i FOCOM & 5 % O-Cloud 51 £ > 4 24p 4

EERFOIE  pE Y E A kS L % OCloud 13 O2 4 & # it i3 /&

38

do1:10.6837/ncnu202200101



[1]
(2]
3]
[4]

(5]
(6]
[7]
(8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

(18]

42
Ericsson Mobility Report, Ericsson, 2022.
"O-RAN ALLIANCE," https://www.o-ran.org/.
"AT&T Inc.," https://www.att.com/.
M. Yang, Y. Li, D. Jin, L. Su, S. Ma, and L. Zeng, “OpenRAN: a software-defined
ran architecture via virtualization,” ACM SIGCOMM computer communication
review, vol. 43, no. 4, pp. 549-550, 2013.
O.-R. ALLIANCE, "O-RAN.WG6.02IMS-INTERFACE-v01.01," 2022.
O.-R. ALLIANCE, "O-RAN.WG6.0ORCH-USE-CASES-v03.00," 2022.
"O-RAN Software Community," https://wiki.o-ran-sc.org/.

D. Bernstein, “Containers and cloud: From Ixc to docker to kubernetes,” IEEE
cloud computing, vol. 1, no. 3, pp. 81-84, 2014.

"Metal As A Service (MAAS)," https://maas.io/.

I. Corporation, "Preboot Execution Environment (PXE) specification v2.1," 1999.
L. Richardson, and S. Ruby, RESTful web services: " O'Reilly Media, Inc.", 2008.
P. Leach, M. Mealling, and R. Salz, A universally unique identifier (uuid) urn
namespace, 2070-1721, 2005.

S. Gokhale, R. Poosarla, S. Tikar, S. Gunjawate, A. Hajare, S. Deshpande, S.

Gupta, and K. Karve, "Creating Helm Charts to ease deployment of Enterprise
Application and its related Services in Kubernetes." pp. 1-5.

"Github," https://github.com/.

l. Habib, “Virtualization with KVM,”  Linux Journal, vol. 2008, no. 166, pp. 8,
2008.

M. J. Hammel, “Managing kvm deployments with virt-manager,” Linux Journal,
vol. 2011, no. 201, pp. 7, 2011.

M. Bolte, M. Sievers, G. Birkenheuer, O. Niehorster, and A. Brinkmann, "Non-

intrusive virtualization management using libvirt." pp. 574-579.
J. Shuja, K. Bilal, S. A. Madani, and S. U. Khan, “Data center energy efficient
resource scheduling,” Cluster Computing, vol. 17, no. 4, pp. 1265-1277, 2014.

39

do1:10.6837/ncnu202200101


https://www.o-ran.org/
https://www.att.com/
https://wiki.o-ran-sc.org/
https://maas.io/
https://github.com/

it 4
- KVM hie e i & 3% 2
i@ * virt-install 1 & £]iF VM BF > JF3 R B4 g 0 driver model & 3%

& Vvirtio” @ 2t 7 rtl8139” > F € 3 + & Collision ¥ 5k Packet Loss ehfimg 4 »

Yot Rl - e

]
]
]
]
|

mtu 1500 o
broadcast 192.168.10.255 Bixdbro >
fe37:1 prefixlen 64 scopeid @x20<link> qdisc none (noqueue)
:01 txqueuelen 1000 (Ethernet) vnet1
36636702 bytes 10921278424 (10.9 GB)
RX errors © dropped 30501930 overruns @ frame © (fq_codel)
TX packets 22368340 bytes 228582615389 (228.5 GB) 3 (fq_codel)
X errors @ dropped @ overruns @ carrier @ collisions 123960463 —

07 (fq w.iulj’»
K& Tx collision 1 Rx dropped

qdisc none (fq_codel)

qdisc none (fq_codel) )
C | code (2} 0
REMAS (HRESMKE=200M)

- % % rtl8139 driver ¢ ¥+ £ Packet Loss
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