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KEY STAKE HOLDERS

Edotco wishes to validate the concept of
OpenRAN interfaces to support various @
deployment scenarios while supporting
Multi-Band & Multi-Operator.

A TIP, wishes to endorse through financial
X/ subsidies the adoption of open standard
TELECOM INFRA networks, including O-RAN where

.

celcom

To integrate with Celcom’s
4G test core network as to
validate the Access to the
Core functionalities.

MPAVENIR

Mavenir, as an approved
vendor to TIP, supplies the
virtualized network
solutions in cooperation
with various radio hardware
manufacturers.

PROJECT shared infrastructure contributes to
lower network operating costs.
SUnNWwAve ONSITE

Sunwave, a Digital Radio
equipment manufacturer,
has been nominated by
Mavenir as the optimal
radio hardware provider to
support the vRAN
integration.

SERVICES

Edotco commissioned OSS
to be the Sl for this POC.
Edotco is leasing space,
power and cooling from
OSS for this POC.
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OPENRAN TIMELINE 1%t Whats

app Call
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2020 MORAN Live trial
MOU Finalization MOU Signed LAB UP Macro/ IBC with MEC
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NDA Signed * Phasel +  Due to MCO/CMCO most Business RFI/
OpenRAN activities were done with remote Case RFP
Kickoff support in configuration. Validation
. LAB Test
+ Delivery of T
Network L .
. Physical installation was done by
Equipment
oSS
LAB setup activities Delays encountered due to LAB troubleshooting due  Reprogrammed the APNs
o ) - clearance, SIRIM approval, missing  to unable to Latch On of the test phones
Physical installation, connectivity network parts, connectivity
and configuration schematic and NUC diagrams. Sourced for Spectrum Temporarily shielded
Analyzer Antenna and phone
Remote tasks executed due to TIP sent missing SFPs to enable using aluminum foil
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SYSTEM UP AND WORKING - SEPT 8TH 2020

" Gayan Koralage - 1zt

#openRAN #telecom #mobile #5G #rollout #TIP #facebook
#te rastructure #telecominfrastructureproject #malaysia #digitaleconoy
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Live Streaming of 4K & HD video
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What is OpenRAN?
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WHAT IS OPENRAN?

OpenRAN is a vendor-neutral disaggregation of RAN at both the hardware and
software levels on general purpose processor-based platforms.

Existing eNodeB architecture
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Fiber Cabling

BBU
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« Signal Processing
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Traditional Architecture

New Open RAN eNodeB architecture
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E2E Openran network configuration

.-

Street
Cabinets

Cu

DCSG

&
&

TOC / Data
Site Center
Cabin [
DU
1. CU: logical node that consist of a part of protocol stack that are as provides hardware acceleration for certain L1 and L2 blocks.

delay tolerant (non - real time) such as RRM, RRC, and PDCP. 3. RRU : Macro RRUs supplied by Sunwave

2. DU: logical node that consist of a part of protocol stack that are
time critical (real-time) such as L1 and MAC/RLC of L2. The distributed
unit, depending on the deployment scenario, can be co-located at the
site. The DU also contains the PCle card that provides CPRI link as well 5. DCSG: Disaggregated Cell Site Gateway

4. CEM: Centralized Element Management system is the logical node

to monitor Fault, Configuration & Performance for the installed eNBs.
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OpenRAN Lab Trial Results
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E2E OPENRAN NETWORK
CONFIGURATION

Edotco being a Towerco Company was looking at ways to help
MNO's expedite their network coverage/rollout and to do it
based on current technology, a scalable and upgradeable
network with a long term OPEX model.

Addressing the Government and Local Council’s call to
consolidate towers and Multiple MNOs to share towers, Edoco
embarked on sourcing for a Multi Operator Neutral Hosted RAN
Solution.

As such Edotco needed to find a solution that was Open,
Software Defined, Able to be deployed on COTS, Agile, Scalable
and most importantly Cost Effective

Edotco embarked on the trials by proposing 2 staged approach:

e Stage1LAB Trials
* Stage 2 Live Trials

Stage 1- LAB Trial is to validate the following:

* Ease of Deployment

* Validate Open RAN Architecture

* Interoperability with non-standard Radio

* Interoperability with multi Vendor LTE core network
» Stability of the solution

* Measured Throughput
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OPENRAN TEST BED NETWORK CONNECTIVITY
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Phase 1 - Lab POC Architecture
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Phase 1 - Lab connectivity schematic
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A NUC (Nail Up Connection) schematic
was missing and was made available by
Edotco so all parties are aware on the
physical connectivity between devices
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Phase 1- LAB INSTALL PHOTOS AS OF 30™ JUNE 2020
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LAB HIGH LEVEL TEST CASES - si.1 [rest ase Objective priorey [Tt e Tt e, [Remaris

1 Verify successful 'S1 Setup' procedure P1 Functional [S1AP Procedure |[Done

between CU and MME
1 O O% ‘ O M p L E I E D 2 Verify 'MIB, SIB1, SIB2' parameter broadcast |P1 Functional MIB/SIB Done

3 Verify SIB3 broadcast parameters P1 Functional |[SIBs Done
a Verify SIB4 broadcast parameters P1 Functional [SIBs Pending

5 Verify SIB5 broadcast parameters P1 Functional [sIBs Done

S‘l Ap proced u re 6 Verify SIB6 broadcast parameters P1 Functional |[SIBs Done

7 Validate successful Attach procedure P1 Functional |RRC Procedure |Done

8 Verify UE initiated Ping Traffic P1 Functional |RRC Procedure |Done

° S'I Setu p proced ure betWeen CU 2 nd M M E 9 \'\//Ieorldf: successful attach/detach by Airplane |P1 Functional |S1AP Procedure |Done
10 Validate successful detach procedure when it|P1 Functional |RRC Procedure |Pending

is initiated by the UE due to 'UE switch off’

O Veri]cy successful AttaCh/DetaCh 11 Validate 'Idle to Active Mode'/ successful Pl Functional |S1AP Procedure |Done

'Paging procedure' when CU-DU/RRH receives
Paging from MME

S | BS B road Cast 12 Validate the successful transfer from 'ECM- |[P1 Functional [S1AP Procedure |Pending

Idle mode to ECM-Connected' using UE
initiated data

13 Verify ‘Periodic Tracking are update’ P2 Functional |S1AP Procedure |Pending
* MIB, SIB]I, SIB2, etc broadcast parameters procedure
14 Verify Single Cell peak UDP 'DL Alone' P1 Functional |Cell Throughput |Pending
throughput
15 Verify Single Cell peak UDP 'UL Alone' P1 Functional |Cell Throughput |Pending
RRC Procedure Moy el
16  |Verify Single Cell peak UDP bi directional P1 Functional |Cell Throughput |Pending
q throughput
. Va||date Successful Attac h/DetaCh procedure 17 Verify Single Cell peak TCP 'DL Alone' P1 Functional |Cell Throughput |Pending
throughput
18  |Verify Single Cell peak TCP 'UL Alone' P1 Functional |Cell Throughput |Pending

Cel | Th roug h pUt 19 Vv peak TCP bi directional P1 Cell

Verify Single Cell Functional Throughput |Pending

throughput
. . 20 Verify Single Cell, 2 UE UDP bi directional P2 Functional [Cell Throughput |Pending
+ Verify single cell peak UL/DL throughput throughput
21 Verify Single Cell, 2 UE TCP bi directional P2 Functional Cell Throughput [Pending
throughput
HH 22 Verify Single Cell, VOLTE Call P1 Functional |VOLTE NA
Sta bl | Ity 23 Verify Single Cell, VILTE call P1 Functional VOLTE NA
24 Verify Single Cell, Volte Call along with P2 Functional |VOLTE NA
e a ongoing data on UE1
« Verify long run single UE UL/DL alone peak throughput 35 [venfy ARC Sonnect on Re-ssmblishment [PT Fanctional |Re- Sone
procedure without ongoing data establishment
. 26 Verify RRC Connection Re-establishment P1 Functional Re- Pending
Data Services eg WhatsApp <all procedure with ongoing data establishment
27 Verify long run single UE DL alone peak P2 Stability Cell Throughput [Pending
throughput
28 Verify long run single UE UL alone peak P2 Stability Cell Throughput [Pending
throughput
29 Verify long run single UE bi directional peak |P2 Stability Cell Throughput [Pending
_ i a throughput
51 AP S1 Appllcathn prOtOCOI S|B _ system |nf0rmati0n BlOCk 30 Verify long run two UE DL alone peak P3 Stability Cell Throughput [Pending
CU - Centralised Unit . throughput
- . MIB - Master Information Block 31 [Verify long run two UE UL alone peak 73 Stability  |Cell Throughput |Pending
MME - Mobility Management Entity di | throughput
UL - Up Link RRC - Radio R.esource Contro 32 Verify long run two UE bi directional peak P3 Stability Cell Throughput [Pending
UE - User Equipment throughput

DL - Down Link

m Inf




BASIC LAB SETUP TEST CASES

sl. Priorit | Test Case Test Case 17 Verify Single Cell peak TCP 'DL Alone' P1 Functional Cell Throughput Done
Test Case Objective Remarks throughput
No. Yy Category Sub-Category
1 Verify successful 'S1 Setup' procedure | P1 Functional | S1AP Procedure | Done 18 | Verify Single Cell peak TCP 'UL Alone' P1 Functional Cell Throughput | Done
between CU and MME throughput
. B "
2 Verify 'MIB, SIB1, SIB2' parameter P1 Functional MIB/SIB Done 19 Verify Single Cell peak TCP bi directional P1 Functional Cell Throughput Done
broadcast throughput
3 Verify SIB3 broadcast parameters P1 Functional SIBs Done
4 Verify SIB4 broadcast parameters P1 Functional SIBs NA / Due to 2 RRH 20 Verify Single Cell, 2 UE UDP bi directional P2 Functional Cell Throughput NA
required throughput
5 Verify SIBS5 broadcast parameters P1 Functional SIBs Done 21 | Verify Single Cell, 2 UE TCP bi directional P2 Functional Cell Throughput | Done
6 Verify SIB6 broadcast parameters P1 Functional SIBs Done throughput
7 Validate successful Attach procedure | P1 Functional RRC Procedure Done —— - -
22 Verify Single Cell, VOLTE Call P1 Functional VOLTE IMS Required
8 | Verify UE initiated Ping Traffic P1 Functional | RRC Procedure Done 23 | Verify Single Cell, VILTE call P1 Functional VOLTE IMS Required
9 Verify successful attach/detach by P1 Functional | S1AP Procedure | Done 24 | Verify Single Cell, Volte Call along with P2 Functional VOLTE IMS Required
Airplane Mode ongoing data on UE1
N N 25 Verify RRC Connection Re-establishment P1 Functional Re-establishment| Done
10 Vallda.te'sgc.cgssful detach procedure | P1 Functional RRC Procedure Done procedure without ongoing data
when it is initiated by the UE due to
'UE switch off" 26 | Verify RRC Connection Re-establishment P1 Functional Re-establishment| Done
11 | Validate 'ldle to Active Mode'/ P1 Functional S1AP Procedure | Done procedure with ongoing data
successful 'Paging procedure' when - - — —
CU-DU/RRH receives Paging from 27 Verify long run single UE DL alone peak P2 Stability Cell Throughput Verified by Mahesan
throughput
MME
12 | Validate the successful transfer from | P1 Functional S1AP Procedure Done 28 | Verify long run single UE UL alone peak P2 Stability Cell Throughput | Verified by Mahesan
'ECM-Idle mode to ECM-Connected' throughput
using UE initiated data 29 Verify | ingle UE bi directional k| P2 Stabilit Cell Th hput Verified by Mah
13 | Verify 'Periodic Tracking area update' | P2 Functional S1AP Procedure | GPS Connectivity is t:rlllg;:irun single ! directionalpea ity el Throughpu eritied by Mahesan
procedure required.
14 | Verify Single Cell peak UDP 'DL Alone'| P1 Functional Cell Throughput NA 30 | Verify long run two UE DL alone peak P3 Stability Cell Throughput | Verified by Mahesan
throughput throughput
15 Verify Single Cell peak UDP 'UL Alone'| P1 Functional Cell Throughput NA 31 Verify long run two UE UL alone peak P3 Stability Cell Throughput Verified by Mahesan
throughput throughput
16 | Verify Single Cell peak UDP bi P1 Functional Cell Throughput NA 32 Verify long run two UE bi directional peak P3 Stability Cell Throughput Verified by Mahesan
directional throughput throughput

right © 2020 T
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Verify test serving cell info
2020 Sep 11 13:44:02.882 [82] 0xBOC2 LTE RRC Serving Cell Info Log Pkt

Intent of test Subscription ID = 1
Version = 3

To verify that the tested UE latches to the correct Cell Physical cell ID = 325
DL FREQ = 3100

Test gears / software used UL FREQ = 21100

DL Bandwidth = 10 MHz

G - Net Track / Wireshark UL Bandwidth = 10 Miz
Test procedure Cell Identity = 43580673 o
Tracking area code = 771 e, 1 /s
« Turn UE on Freq Band Indicator = 7 | ‘ =TT
MCC = 502 { CooEm B
* Enable G-Net Track software on the UE Number of MNC digits = 2 e R
. i ~ MNC = 19 —— ‘
Eeh”egiléefor Cell latching and if the UE latches to the correct il e = il

Expected Results
On successful latch Cell ID 325 should be seen on G-Net Track
Measured Result seen

Cell ID 325 seen on G-Net Track upon successful UE latch

DOWNLOAD

18
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Verify successful 'S1 Setup
Request’ between CU and MME

Intent of test

Time Source Destination Protocol Length Info . y
vst s s wasuens  sue 116 stsetuprequest Verify successful 'S1 Setup Request’ between CU and MME
1753 310.580048 10.223.174.128 10.156.152.11 S1AP 100 S1SetupResponse
2213 462.277567  10.156.152.11 10.223.174.128 1 216 Initia ge, Attach request, PDN comnectivity request
2215 462.284540  10.223.174.128 16.156.152.11 S1AP/NAS-EPS 96 DownlinkNASTransport, Identity request TeSt gea rs / SOftWa re used
2223 462.308328 10.156.152.11 10.223.174.128 S1AP/NAS-EPS 148 UplinkNASTransport, Identity response
2227 462.372722 10.223.174.128 10.156.152.11 S1AP/NAS-EPS 128 DownlinkNASTransport, Authentication request .
2237 462.488684  10.156.152.11 10.223.174.128 SIAP/NAS-EPS 156 UplinkNASTransport, Authentication failure (Synch failure) W| resha rk
2241 462.554670 10.223.174.128 10.156.152.11 S1AP/NAS-EPS 128 DownlinkNASTransport, Authentication request
2251 462.688271 10.156.152.11 10.223.174.128 S1AP/NAS-EPS 148 UplinkNASTransport, Authentication response

Test procedure

v SiSetupRequest O Tu rn CU on

v protocollEs: 4 items
v Item 0: id-Global-ENB-ID
v ProtocolIE-Field ° i i i
id: id-Global-ENB-ID (59) Brlng CU Into service
criticality: reject (0)
v value

¥ Crobal-e-I *  Monitor CU ST interface towards MME

pLMNidentity: @5f291

Mobile Country Code (MCC): Malaysia (502)
ebize et oo R vt 35 Expected Results
v eNB-ID: macroENB-ID (@)
-1D: fde [bit 1 h 20, d bits, +... decimal vali H H H .
— id_eNB':‘::ENB ID: 298fde [bit length 26, 4 LSB pad bits, 0010 161 106@ 1111 1101 lecimal value 176237] Wheﬂ CU ComeS up |t ShOU|d eStab'lSh COﬂneCthh Wlth MME

v ProtocollE-Field
id: id-eNBnane (60)

criticelity: ignore (1) CU to send Setup Request to MME
Measured Result seen

S1 Setup Request was sent from CU to MME and MME
responded to the S1 setup request successfully
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Verify successful 'S1 Setup
Response’ between CU and MME

Intent of test

Verify successful 'S1 Setup Response’ between CU and MME
Test gears / software used

Wireshark

Test procedure

* Turn CUon

* Bring CU into service

+ Monitor CU Sl interface towards MME

* Monitor for the connection response messages

Expected Results

When CU comes up it should establish connection with MME
Connection between CU & MME should establish

Measured Result seen

S1 Setup Request was sent from CU to MME and MME
responded to the S1 setup request successfully with a S1
Setup Response protocol

Time Source Destination Protocol Length Info

123 94.287163 1©.223.174.128 1©.156.152.11 SI1AP 108 Paging

130 100.278082 10.223.174.128 10.156.152.11 SI1AP 108 Paging

137 1©6.274107 1©.223.174.128 10©.156.152.11 S1AP 18 Paging

146 113.508888 1©.223.174.128 10.156.152.11 SI1AP 108 Paging

161 118.559433 1©.156.152.11 10.223.174.128 S1AP 116 silSetupRequest
163 118.562461 1©.223.174.128 1©.156.152.11 S1AP 10© SilSetupResponse
167 125.504080 1©.223.174.128 10.156.152.11 SI1AP 1e8 Paging

Wireshark - Packet 163 - enbcu_2020_09_10-14_35_45.pcap

~ S1AP-PDU: successfulOutcome (1)
~ successfulOutcome
procedureCode: id-Si1Setup (17)
criticality: reject (©)
~v value
v SilSetupResponse
~ protocolIEs: 2 items
v Item ©: id-ServedGUMMEIs
~ ProtocolIE-Field
id: id-ServedGUMMEIs (1©5)
criticality: reject (@)
v value
v ServedGUMMEIs: 1 item
~v Item ©
v ServedGUMMEIsItem
~ servedPLMNs: 1 item
~ Ttem o

20
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Verify ‘MIB' parameter broadcast

Intent of test

Time Source Destination Protocol Length Info
32 20.507153 10.156.152.18 192.168.110.9 SCTP 64 SACK . 1 ’
33 20.508255 localhost localhost LTE RRC BCCH_BCH 51 MasterInformationBlock (SFN=0) Ve rlfy succeSSfU| S-l Setu p Req ueSt between CU a nd M M E
34 20.508298 localhost localhost LTE RRC DL_SCH 65 SystemInformationBlockTypel
35 20.508365 localhost localhost LTE RRC DL_SCH 74 SystemInformation [ SIB2 ]
36 20.508409 localhost localhost LTE RRC DL_SCH 59 SystemInformation [ SIB3 ] TeSt gea rs /SOftwa re used
37 20.508533 10.156.152.18 192.168.110.9 LTE RRC BCCH_BCH 96 MasterInformationBlock (SFN=@) .
38 20.510603 192.168.110.9 10.156.152.18 DU -> CU 104 SACK EVT_SCH_SI_CFG_RESP W| resha rk
39 20.510618 10.156.152.18 192.168.110.9 CUDU HEADER 464 SACK , SystemInformationBlockTypel, SystemInformation [ SIB2 ], SystemInformation |
B Packet Text Test procedure
Ll « Turn UE on
2020 Sep 11 06:07:33.503 [01] 0xBOC1 LTE RRC MIB Message Log Packet
Subscription ID = 1 * Wait for UE to identify Test Network

Version = 2
Physical cell ID = 325

FREO = 3100 » UE Latches to the correct Test Network
SEN = 504
Number of TX Antennas = 2 » UE attached successfully

DL Bandwidth = 10 MHz (50)
Expected Results

UE should attach to network & send & receive Measurement
report regarding MIB/SIB

Measured Result seen

UE successfully attached to the Network and MIB/SIB
messages exchanged with no errors

21

Copyright © 2020 Telecom Infra Project, Inc



Verify ‘'SIB 1' parameter broadcast

Intent of test
Verify 'MIB, SIB]1, SIB2' parameter broadcast

Time Source Destination Protocol Length Info
33 20.508255 127.0.8.1  127.8.0.1 LT RRCBCCHBCH 51 MasterInformationBlock (SFI=6)
Test gears / software used 34 20.508298 127.0.6.1  127.0.0.1 LTE RRC DL_SCH 65 $ystentnformationbiockiypei
35 20.508365 127.0.6.1 127.0.0.1 LTE RRC DL_SCH 74 SystemInformation [ SIB2 ]
WI resha rk 36 20.508409 127.0.0.1 127.0.0.1 LTE RRC DL_SCH 59 SystemInformation [ SIB3 ]
37 20.508533 10.156.152.18 192.168.110.9 LTE RRC BCCH_BCH 96 MasterInformationBlock (SFN=8)
38 20.510603 192.168.110.9 10.156.152.18 DU -> CU 104 SACK EVT_SCH_SI_CFG_RESP
TeSt pl’OCGdU re 2020 Sep 11 06:07:33.510 [72] OxBOCO LTE RRC OTA Packet -- BCCH_DL_SCH / SystemInformationBlockType1l
Subscription ID = 1
Pkt Version = 20
RRC Release Number . Major x!\inor = 14.3.0
e Turn UE on Radio moarer 1B - o) Physical cell ib = 223
SysFrameNum = 508. SubFrameNum = 5
. . . PDU Number = BCCH_DL_SCH Message. Msg Length = 18
SIB M: k i SI = 0ox02
* Wait for UE to identify Test Network asic in *

Interpreted PDU:
« UE Latches to the correct Test Network oine mecnTmsaIessase

message cl : systemInformationBlockTypel :

cellaccessRelatedInfo

* UE attached successfully ¢ pimn-rdentityiss

plmn-Identity
{

*  Monitor the reply messages from the Network

mcc

Expected Results g

When UE attaches to the Network, Network sends all 5°
information regarding MCC, MNC, Bandwidth, ARFCN to UE o

céllReservedForOperatorUse notReserved

Measured Result seen

UE successfully attached to the Network and SIB1T messages
exchanged with no errors

22
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Copyright

Tme " o Destaton Protocl Lenghh Info
34 20.508298 localhost localhost LTE RRC DL_SCH 65 SystenInformationBlockTypel
35 20.568365 1localhost localhost LTE RRC DL_SCH 74 SystenInformation [ SIB2 ]
36 20.58409 localhost localhost LTE RRC DL_SCH 59 SystenInformation [ SIB3 ]
37 20.508533 10.156.152.18 192.168.110.9 LTE RRC BCCHBCH 96 MasterInformationBlock (SFN=0)
38 20.510603 192.168.116.9 10.156.152.18 DU -> (U 104 SACK EVT_SCH_SI_CFG_RESP

39 20.510618 10.156.152.18 192,168.110.9 CUDU HEADER 464 SACK , SystemInformationBlockTypel, SystemInformation [ SIB2 ], SystemInformation [ SIB3 JEVT_

v message: ¢1 (0)
v cl: systenInfornation (0)
v systenInformation
v criticalExtensions: systemInformation-r8 (8)
v systenInformation-rg
v sib-TypeAndInfo: 1 item
v Item@
v sib-TypeAndInfo item: sib2 (8)
v sib2
v radioResourceConfigCommon
v rach-ConfigCommon
v preanbleInfo
numberOfRA-Preambles: n52 (12)
v preanblesGroupAConfig
s1ze0fRA-PreanblesGroupA: n28 (6)
messageSizeGroupA: b56 (0)
messagePower0ffsetGroupB: dB10 (4)

2020 Sep 11 06:07:33.545 [5B] 0xBOCO LTE RRC OTA Packet -- BCCH_DL_SCH / B0 Gl g it
Subscription ID = 1
Pkt Version = 20
RRC Release Number.Major.minor = 14.3.0
Radio Bearer ID = 0, Physical Cell ID = 325
Freg = 3100
SysFrameNum = 512, SubFrameNum = 0
PDU Number = BCCH_DL_SCH Message. Msg Length = 26
SIB Mask in SI = 0x04
Interpreted PDU:
value BCCH-DL-SCH-Message 1=
message cl : systemInformation :
criticalExtensions systemInformation-r8
{
sib-TypeandInfo
sib2 :
radioResourceCon figCommon
rach-ConfigCommon
preambleInfo

numberOfRA-Preambles n52
preamblesGroupAConfig
{

sizeOfRA-PreamblesGroupA n28,
messageSizeGroupA b56
messagePowerOf fsetGroupB dB10

powerRampingParameters

2020 Telecom Infra Project, Inc

Verify ‘SIB 2' parameter broadcast

Intent of test

Verify 'MIB, SIB]1, SIB2' parameter broadcast
Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Wait for UE to identify Test Network

+ UE Latches to the correct Test Network
» UE attached successfully

*  Monitor the reply messages from the Network
Expected Results

SIB2 is not specifically included in the scheduling information
in SIB1 but it is always mapped to the SI message that
corresponds to the first entry in the list of S| messages in
schedulinglnfolist in SIB1

Measured Result seen

UE successfully attached to the Network and SIB2 messages
exchanged with no errors



Verify ‘SIB 3' parameter broadcast

Intent of test

Verify ‘'SIB3' parameter broadcast

Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Wait for UE to identify Test Network

+ UE Latches to the correct Test Network

* UE attached successfully

*  Monitor the reply messages from the Network

Expected Results

SIB3 is carried in SystemlInformation (SI) messages, which are

transmitted on the DL-SCH.

SIB1 contains scheduling information for SI-message
carrying SIB3

Measured Result seen

UE successfully attached to the Network and SIB3 messages

exchanged with no errors

).

Time " Source Destination Protocol Length Info
34 20.508298 localhost localhost LTE RRC DL_SCH 65 SystenInformationBlockTypel
35 20.508365 localhost localhost LTE RRC DL_SCH 74 SystenInformation [ SIB2 ]
36 20.508409 localhost localhost LTE RRC DL_SCH 59 SystenInformation [ SIB3 ]
37 20.508533 10.156.152.18 192.168.110.9 LTE RRC BCCHBCH 96 MasterInformationBlock (SFN=6)

2020 Sep 11 06:07:33.551 [B8] OxBOCO LTE RRC OTA Packet -- BCCH_DL_SCH / SystemInformation
1

Subscription ID =

Pkt Version = 20

RRC Release Number.Major.minor = 14.3.0
Radio Bearer ID = 0, Physical Cell ID = 325
Freq = 3100

SysFrameNum = 512, SubFrameNum = 6
PDU Number = BCCH_DL_SCH Message.
SIB Mask in SI = 0x08

Msg Length = 11

Interpreted PDU:
value BCCH-DL-SCH-Message ::=
message cl : systemInformation :
criticalExtensions systemInformation-rg :
! sib-TypeAndInfo
sib3 :
?ellReSelectionInfoCommon

g-Hyst dB4,
speedStateReselectionPars

mobilityStateParameters
t-Evaluation s30.
t-HystNormal s30,
n-CellChangeMedium 10,
n-CellChangeHigh 16

3.

q-HystSF

sf-Medium dB-4,

Copyright © 2020 Telecom Ir
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[] Hex Dump

2020 Sep 11 12:51:45.514 [D4] 0xBOCO LTE RRC OTA Packet -- BCCH_DL_SCH / SystemInformation
Subscription ID = 1

Pkt Version = 20

RRC Release Number.Major.minor = 14.3.0

Radio Bearer ID = 0, Physical Cell ID = 325

Freq = 3100

SysFrameNum = 769, SubFrameNum = 5

PDU Number = BCCH_DL_SCH Message, Msg Length = 18
SIB Mask in SI = 0x20

Interpreted PDU:
value BCCH-DL-SCH-Message ::=
{
message cl : systemInformation :
criticalExtensions systemInformation-r8 :
sib-TypeAndInfo
{
sib5
{
interFreqCarrierFreqlList

{
dl-CarrierFreq 1580,
q-RxLevMin -60,
p-Max 23,
t-ReselectionEUTRA 4,
threshX-High 6,
threshX-Low 0,
allowedMeasBandwidth mbw50
presenceAntennaPortl FALSE,
cellReselectionPriority 7
neighCellConfig '01'B,|
q-OffsetFreq dBO,
interFregNeighCellList

Copyright © 2020 Telecom Infra Project, Inc

Verify ‘SIB 5' parameter broadcast

Intent of test

Verify ' SIB5' parameter broadcast

Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Wait for UE to identify Test Network

+ UE Latches to the correct Test Network
* UE attached successfully

*  Monitor the reply messages from the Network
Expected Results

SIB5 capability for HO & cell reselection should show in
measurement information

Measurement report to UE should show SIB5 capability for
HO & cell reselection

Measured Result seen

UE successfully attached to the Network and SIB5 messages
exchanged with no errors
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Verify ‘SIB 6' parameter broadcast

Intent of test

Verify 'SIB6' parameter broadcast

Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Wait for UE to identify Test Network

+ UE Latches to the correct Test Network
* UE attached successfully

*  Monitor the reply messages from the Network
Expected Results

On st start-up UE gets information related to WCDMA
neighbor relation

SIB6 message should show WCDMA neighbor relationship

Measured Result seen

UE successfully attached to the Network and SIB6 messages

exchanged with no errors

Packet Text
["] Hex Dump
2020 Sep 11 12:51:48.069 [DE] 0xBOCO LTE RRC OTA Packet -- BCCH_DL_SCH / SystemInformation
Subscription ID = 1
Pkt Version = 20
RRC Release Number.Major.minor = 14.3.0
Radio Bearer ID = 0, Physical Cell ID = 325
Freq = 3100
SysFrameNum = 1, SubFrameNum = 0
PDU Number = BCCH_DL_SCH Message, Msg Length = 15
SIB Mask in SI = 0x40
Interpreted PDU:
value BCCH-DL-SCH-Message ::=
{
message cl : systemInformation :
{
criticalExtensions systemInformation-r8 :
{
sib-TypeAndInfo
{
sibé
{
carrierFreqListUTRA-FDD
{
{
carrierFreq 10711,
cellReselectionPriority 1,
threshX-High 31,
threshX-Low 31,
g-RxLevMin -60,
p-MaxUTRA 1,
g-QualMin -16,
threshX-Q-r9
{
threshX-HighQ-r9 0,
threshX-LowQ-r9 0
}
26
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2020 Sep 11 06:07:33.646 [BE] OxBOED LTE NAS EMM Plain OTA Outgoing Message -- [Xi&rey request Msg
Subscription ID = 1
pkt_version = 1 (0x1)
rel_number = 9 (0x9)
rel_version_major = 5 (0x5)
rel_version_minor = 0 (0x0)
security header_or_skip_ind = 0 (0x0)
prot_disc = 7 (0x7) (EPS mobility management messages)
msg_type = 65 (0x41) (Attach request)
lte_emm_nsg
emm_attach_request
tsc = 0 (0x0) (cached sec context)
nas_key_set_id = 1 (0x1
att_type = 2 (0x2) (combined EPS/IMSI attach)
eps_mob_id
id_type = 6 (0x6) (GUTI)
odd_even_ind = 0 (0x0)
Guti_1111 = 15 (0xf)
mec_1 = 5 (0x5)
mee_2 = 0 (0x0)
mcc_3 = 2 (0x2)
mnc_3 = 15 (0xf)
mnc_1l = 1 (0x1)
mnc_2 = 9 (0x9)
MME_group_id = 32769 (0x8001)
MME_code = 16 (0x10)
m_tmsi = 3230497472 (0xc08d7ac0)
ue_netwk_cap
EEA0 = 1 (0x1)
EEAl_128 = 1

zeasio -1 (oa)  2020Sep 14 06:07:34.076 [22] OXBOED LTE NAS EMM Plain OTA Outgoing Message - Attach complete Msg

(

(

Tear =0 (oxoy —  Subscription ID = 1
)

g o 0 o] pkt_version = 1 (0x1)
GERY 5 0 (G20) rel_nunber = 9 (0x9)

EIA0 = 0 (0x0)
T e =t el version major = 5 (0%5)
rel_version_minor = 0 (0x0)
security_header_or_skip_ind = 0 (0x0)
prot_disc = 7 (0x7) (EPS nobility management messages)
nsg_type = 67 (0x43) (Attach complete)
1te_enn_nsg
enn_attach_conplete
8gI_lsg_container
eps_hearer_id_or_skip_id = 5 (0x5)
prot_disc = 2 (0x2) (EPS session managenent messages)
trans_id = 0 (0x0)
nsg_type = 194 (0xc2) (Activate default EPS bearer context accept)
1te_esm nsg
act_def_eps_bearer_context_accept
prot_config_incl = 0 (0x0)
ext_prot_confily_incl = 0 (0%0)

Copyright © 2020 Telecom Infra Project, Inc

Validate successful Attach procedure

Intent of test

Verify the UE attaches to the Network Successfully

Test gears / software used
Wireshark

Test procedure

Turn UE on

Enable Airplane mode on UE

UE should disconnect from Network
Disable Airplane mode on UE

UE should attach to the Test Network

Expected Results

UE should connect with home network.

Measured Result seen

UE successfully attached to the Network
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Validate successful detach by
Airplane Mode

Intent of test

Verify the UE detaches from the Network Successfully
Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Enable Airplane mode on UE

+ UE should disconnect from Network

* Disable Airplane mode on UE

+ UE should attach to the Test Network
Expected Results

UE should disconnect with home network.
Measured Result seen

UE successfully detached from the Network

2020 Sep 11 06:08:24.902 [A5] OxBOED LTE NAS EMM Plain OTA Outgoing Message -- Detach request Msg

Subscription ID = 1
pkt_version = 1 (0x1)
rel_number = 9 (0x9)
rel_version_major = 5 (0x5)
rel_version_minor = 0 (0x0)
security_header_or_skip_ind = 0 (0x0)
prot_disc = 7 (0x7) (EPS mobility management messages)
msg_type = 69 (0x45) (Detach request)
lte_emm_msg
emm_detach_request
tsc = 0 (0x0) (cached sec context)
nas_key_set_id = 1 (0x1)
switch_off = 1 (0x1) (switch off)
detach_type = 1 (0x1) (EPS detach)
eps_mob_id
id_type = 6 (0x6) (GUTI)
odd_even_ind = 0 (0x0)
Guti_1111 = 15 (0xf)

mee_l = 5 (0x5)
mec_2 = 0 (0x0)
mec_3 = 2 (0x2)
mnc_3 = 15 (0xf)
mnc_l =1 (0x1)
mnc_2 = 9 (0x9)

MME_group_id = 32769 (0x8001)
MME_code = 16 (0x10)
m_tmsi = 3237028416 (0xc0£12240)

28
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751 = = P
Ping Test Tool 730 e * P

Ping

" =
== Start Ask Question

8.8.8.8

START HISTORY

ume=31.5ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=32.6 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=32.8 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=48.9 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=96.6 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=41.0ms

; 64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=30.4 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=32.2 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=51.5ms
64 bytes from 8.8.8.8: icmp_seq=1 ttl=114
time=30.2 ms
64 bytes from 8.8.8.8: icmp_seq=1 tti=114
time=35.3 ms

| 64 bytes from 8.8.8.8: icmp_seq=1 ttl=114
time=45.0 ms

i /é\, Latency Experience OPENSIGNAL

Cies Expiiorics ‘\»___/ inms worer

ONEPLUS A6003 B« O = &

“a0

PING MY 1P SPEED TEST
Host 8.8.8.8 | 8. >
Start

Open Signal report April 2020

Validate successful UE initiated
Ping Traffic

Intent of test

Verify the network latency

Test gears / software used

Ping Test Tool

Test procedure

* Turn UE on

* Enable Ping Test Tool

+ Enter destination test IP 8.8.8.8

* Observe latency recorded

* UE should be able to ping test Network
Expected Results

UE should be able to ping an external server successfully with
latency of 40ms or lower

Measured Result seen

UE managed to ping Google server successfully with
measured latency of 30.2 ms



Validate successful detach

procedure when it is initiated by the
UE due to 'UE switch off'

Intent of test

Verify the UE detaches from the Network Successfully
Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Power UE down

« UE should disconnect from Network

* UE should detach from the Test Network
Expected Results

UE should detach from home network.

Measured Result seen

Network returns cause code “1” which represents “true” to the

detach request due to power down.

2020 Sep 11 10:16:20.719 [6A] 0xBOED LTE NAS EMM Plain OTA Outgoing Message -- Detach request Msg

Subscription ID = 1
pkt_version = 1 (0x1)
rel_number = 9 (0x9)
rel_version_major = 5 (0x5)
rel_version_minor = 0 (0x0)
security_header_or_skip_ind = 0 (0x0)
prot_disc = 7 (0x7) (EPS mobility management messages)
msg_type = 69 (0x45) (Detach request)
lte_emm_msg
emm_detach_request
tsc = 0 (0x0) (cached sec context)
nas_key_set_id = 1 (0x1)
switch_off = 1 (0x1) (switch off)
detach_type = 1 (0x1) (EPS detach)
eps_mob_id
id_type = 6 (0x6) (GUTI)
odd_even_ind = 0 (0x0)
Guti_1111 = 15 (0xf)

mcc_l = 5 (0x5)
mee_2 = 0 (0x0)
mcc_3 = 2 (0x2)
mnc_3 = 15 (0xf)
mnc_1l = 1 (0x1)
mnc_2 = 9 (0x9)

MME_group_id = 32769 (0x8001)
MME_code = 16 (0x10)
m_tmsi = 3235905536 (0xc0e00000)

30
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Time Source Destination Protocol Length Info
214 9.7678%4 10.156.152.11 10.223.174.128 S1AP/NAS-EPS 136 UplinkNASTransport, Ciphered message
6703 322.173045 127.0.0.1 127.0.0.1 LTE RRC UL_DCCH/N.. 161 RRCC i omplete, Tracking area update request
6704 322.173228 10.156.152.11 10.223.174.128 S1AP/NAS-EPS 236 InitialUEMessage, Tracking area update request

Wireshark - Packet 6703 - enbcu_2020.09_16-05_19_12 pcap

v registeredMME
mmegi: @5b5 [bit length 16, 8000 @161 1011 0181 decimal value 1461]
mmec: 2b [bit length 8, 0010 1011 decimal value 43]
v dedicatedInfoNAS: 17bfd6affdbe748120bf605f29105b52bc1014231821969. ..
v Non-Access-Stratum (NAS)PDU
0001 .... = Security header type: Integrity protected (1)
.... 0111 = Protocol discriminator: EPS mobility management messages (8x7)
Message authentication code: @xbfdéaffd
Sequence number: 176
0000 .... = Security header type: Plain NAS message, not security protected (9)
.... 0111 = Protocol discriminator: EPS mobility management messages (8x7)
NAS EPS Mobility Management Message Type: Tracking area update request (8x48)
8... .... = Type of security context flag (TSC): Native security context (for KSIasme)

i.001 .... = NAS key set identifier: (1) ASME

+evv 0... = Active flag: No bearer establishment requested
..., .018 = EPS update type value: Combined TA/LA updating with IMSI attach (2)
v EPS mobile identity - Old GUTI
Length: 11
@... = 0dd/even indication: Even number of identity digits
vee. 2110 = Type of identity: GUTI (6)
Mobile Country Code (MCC): Malaysia (562)
Mobile Network Code (MNC): Celcom (Malaysia) Berhad (19)
MME Group ID: 1461

Copyright © 2020 Telecom Infra Project, Inc

Validate 'ldle to Active Mode'/ successful
'‘Paging procedure' when CU-DU/RRH
receives Paging from MME

Intent of test

Verify the UE changes from ‘idle to active” mode when CU -
DU - RRH received “Paging” from MME

Test gears / software used

Wireshark

Test procedure

* Turn UE on

* Ping UE using the DL path

* Paging from CU - DU - RRH been seen at the UE
* UE should respond accordingly

Expected Results

UE should respond to the ping request

Measured Result seen

UE responded to the Paging Request
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Validate the successful transfer from
'ECM-Idle mode to ECM-Connected'
using UE initiated data

Intent of test

Initialize a procedure that requires Service Request to be
started via uplink signalling.

Test gears / software used

Wireshark

Test procedure

e Turn UE on

* Select the test network to latch on

* Ensure successful Test Network Latch on
Expected Results

An ECM-IDLE state indicates that no connection for NAS
signalling has been setup between the UE and the core.

An UE in ECM-IDLE needs to perform PLMN and cell selection

and reselection in order to become ECM-CONNECTED.

Measured Result seen

Initial UE Message should read “Service Request” as captured

350..
350..
609...
609...
609...

Time

1558.5605..
1558.5611..
2812.0810..
2815.0839..
2815.0848..

Source Destination Protocol Length Info

10.223.174.128 10.156.152.11 SI1AP 88 UEContextReleaseCommand [NAS-cause=detach]

10.156.152.11 10.223.174.128 S1AP 104 UEContextReleaseComplete

10.156.152.11 10.223.174.128 S1AP/NAS-EPS 124 InitialUEMessage, Service request

10.223.174.128 10.156.152.11 S1AP/NAS-EPS 96 DownlinkNASTransport, Service reject (Implicitly detached)

10.223.174.128 10.156.152.11 SI1AP 88 UEContextReleaseCommand [NAS-cause=normal-release]

Wireshark - Packet 60922 - enbcu 2020.0911-12_12 30.pcap

v Item 3: id-EUTRAN-CGI
v ProtocolIE-Field
id: id-EUTRAN-CGI (100)
criticality: ignore (1)
v value
v EUTRAN-CGI
pLMNidentity: @5f291
Mobile Country Code (MCC): Malaysia (502)
Mobile Network Code (MNC): Celcom (Malaysia) Berhad (19)
cell-ID: @x0298fdel
v Item 4: id-RRC-Establishment-Cause
v ProtocolIE-Field
id: id-RRC-Establishment-Cause (134)
criticality: ignore (1)
v value
RRC-Establishment-Cause: mo-Data (4)

32
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No. Time Source Destiation
188 06:30:31.478445 127.0.0.1 127.0.0.1
189 06:30:31.478487 127.0.0.1 127.0.0.1
190 ©6:30:31.478502 127.0.0.1 127.0.0.1
193 06:30:31.678353 127.9.0.1 127.0.0.1
198 06:30:32.679369 127.9.0.1 127.0.0.1
201 06:30:32.280330 127.0.0.1 127.0.0.1
204 ©6:30:32.480369 127.0.0.1 127.0.0.1
209 06:30:32.881334 127.0.0.1 127.0.0.1
274 ©6:30:39.096490 127.0.0.1 127.0.0.1
281 06:30:39.300553 127.9.0.1 127.0.0.1
293 06:30:39.546496 127.0.0.1 127.0.0.1
294 06:30:39.546647 127.0.0.1 127.0.0.1
304 06:30:39.979544 127.0.0.1 127.0.0.1
321 06:30:41.583372 127.0.0.1 127.0.0.1
326 06:30:41.587391 127.9.0.1 127.0.0.1
334 06:30:41.629491 127.9.0.1 127.0.0.1
335 06:30:41.629599 192.168.0.9 192.168.0.10
33 0A:30:41.A31342 197.168.0.10 197.168.0.9

<

Protocol

LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_CCCH
LTE RRC DL_CCCH
LTE RRC UL_DCCH
LTE RRC DL_DCCH
LTE RRC UL_DCCH
LTE RRC UL_CCCH
LTE RRC DL_CCCH
LTE RRC UL_DCCH/NA-

Length Info
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
52 MeasurenentReport
54 RRCConnectionReestablishentRequest
85 RRCConnectionReestablishent
50 RRCConnectionReestablishmentConplete
67 RRCConnectionReconfiguration
50 RRCConnectionReconfigurationConplete
54 RRCConnectionRequest
82 RRCConnectionSetup

189 RRCConnectionSetupConplete, Attach request, PON connectivity request

S14P/NAS-FPS

252 Ini Attach request, PON connectivity request
116 NownlinkNASTransnart . FSH infarmation renuect

User Datagram Protocol, Src Port: 64659, Dst Port: 9999
v Mavenir LTE Radio Resource Control (RRC) protocol
000 0010 = Message Type: UL_DCCH (2)
Cell Id: 1
UE Id / Rati: 624
Vv LTE Radio Resource Control (RRC) protocol
¥ UL-DCCH-Message
v message: cl (9)
Vv cl: rrcConectionReestablishnentConplete (3)
Vv rreConnectionReestablishnentConplete
rre-TransactionIdentifier: 1
v criti i rrcConnecti

ishnentConplete-r8 (0)

v rrcConnectionReestablishmentComplete-rg
¥ nonCriticalextension
r1f-InfoAvailable-rd: true (o)

][220 o0 00 03 04 00 06 60 00 00 00 00 60 00 60 05 00
9910 45 00 00 22 92 €6 40 00 40 11 al e2 7f 00 00 01
ce2o [GENGRNAN fc 93 27 of 0 Oe fe 21 62 01 02 70
0 laco

EC@
o

P
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Verify RRC Connection Re-
establishment procedure without
ongoing data

Intent of test

The purpose of this procedure is to re-establish the
RRC connection

Test gears / software used
Wireshark

Test procedure

* Turn UE on

* AUE in RRC_CONNECTED, for which AS security
has been activated with SRB2 and at least one DRB
setup, may initiate the procedure in order to
continue the RRC connection

Expected Results

The connection re-establishment succeeds if the
network is able to find and verify a valid UE context or,
if the UE context cannot be retrieved, and the network
responds with an RRCSetup

Measured Result seen

RRC Reestablishment Connection Request - RRC
Reestablishment Connection - RRC Reestablishment
Complete

585



Verify RRC Connection

Re-establishment procedure with
ongoing data

Intent of test
2020 Sep 15 12:16:53.623 [26] 0xBOCO LTE RRC OTA Packet -- UL_DCCH / RRCConnectionReconfigurat

The purpose of this procedure is to re-establish the RRC Subscription ID = 1
connection Pkt Version = 20
RRC Release Number Major.minor = 14.3.0
Test gears/software USed Radio Bearer ID = 1, Physical Cell ID = 325
Freq = 3100
Wireshark SysFrameNum = N/A, SubFrameNum = 0

PDU Number = UL_DCCH Message, Msg Length = 2

SIB Mask in SI = 0x00
Test procedure

Interpreted PDU:
* Turn UE on

value UL-DCCH-Message ::=

« A UE in RRC_CONNECTED, for which AS security has been { ‘ . A
activated with SRB2 and at least one DRB setup, may message ¢l : rrcConnectionReconfigurationComplete :
initiate the procedure in order to continue the RRC { ere-TraneReslonidantifae 0,
connection. criticalExtensions rrcConnectionReconfigurationComplete-rs :
{
Expected Results }

}
The connection re-establishment succeeds if the network is
able to find and verify a valid UE context or, if the UE context
cannot be retrieved, and the network responds with an
RRCSetup

Measured Result seen

Initial UE Message should read “Service Request” as captured

34
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Telecom

ONEPLUS A6003 WO =

244 9 @ Q

40

(B G-NetTrack Lite v10.0 :
Operator: CELCOM Stay Safe Stay

Connected

MNC:19

TAC:771

TypeLTE

- .

170237C
>-53 R

1PCI325

F:3100 B:L7 [10]TAO |

-12 SNR:20.8 CQl- RSSI-63

Longitude:101.62850

Latitude:3.1407839

Speed:0 km/h
Height:58m

Hdg:0° N
Altitude:58m

NW Acc:15m
Ground:Om

Verify Single Cell, single UE ‘ peak DL

throughput

Intent of test

The purpose of this procedure is to establish the Peak
Download Throughput, Single UE

Test gears / software used
G-Net Track

DL: 37417 kbps

UL: 2969 kbps

Data:CELCOM Stay Safe Stay Connect..DATA

ing time

{>{ayokov Solutions

fra Project, Inc

Test procedure

* Turn UE on

* Download a large file from the cloud server
* Observe the DL speed

Expected Results

Based on SISO setup with 10 MHz bandwidth and 64
QAM modulation, the expected throughput is 40 Mbps

Measured Result seen

38 Mbps

Peak DL throughput - 37417 Kbps RSRQ-12

Attenuation - 30db RSSI-63
SNR-20.8

RSRP -53

w

al



Verify Single Cell, single UE ‘ peak UL

throughput

Intent of test

The purpose of this procedure is to establish the Peak
Upload Throughput

Test gears / software used

G-Net Track

Test procedure

* Turn UE on

* Upload a large file from the UE to the cloud server
* Observe the UL speed

Expected Results

Based on SISO setup with 10 MHz bandwidth and 64
QAM modulation, the expected throughput is 20 Mbps

Measured Result seen

19.6 Mbps

Peak UL throughput - 19613 Kbps RSRQ- 6

. RSSI -
Attenuation - 30db SNR -30.0
RSRP - 55 '

ONEPLUS A6003 B« O = & _

40
v10.0 i

Opefator. CELCOM Stay Safe Stay
Connected
MCC:502 MNC:19 TAC:771  Typ LTE
B 170237u 1PCI325 F 3100 3] L7[0] 7
-6 SNR:30.0 Cf
Latitude:3.1407912
NW Acc:16m
Ground:Om
779 kbps

Note: Industry best practise is 20% of Downlink Speed

pyright © 2020 Telecom Infra Project, In



Verify Single Cell, single UE peak TCP
ONEPLUS A6003 & = @ _ bi-directional throughput

3528 9 & 4 0
S| G-NetTrack Lite v10.0 } Intent of test

Operator: CELCOM Stay Safe Stay The purpose of this procedure is to establish the Peak

Connected Upload & Download Throughput
MCC:502 MNC:19  TAC771  TypelTE

eNB:170237CID1 PCI325 F:3100 B:L7[0] TA0 Test gears/software used
2SRP:-57 RSRC SNR:18.6 CQl- RSSI
Longitude; Latitudg Setd G-Net Track
Test procedure
e Turn UE on

* Upload a large file from the UE to the cloud and
concurrently download a large file from the server

+ Observe the UL /DL speed
Expected Results

Based on SISO setup with 10 MHz bandwidth and 64
QAM modulation, the expected throughput is 20 Mbps

Measured Result seen

20 Mbps UL & 31 Mbps DL

UL throughput - 20017 Kbps RSRQ -12
DL throughput - 31208 Kbps RSSI-63
Attenuation - 30db SNR-18.6

Note: Industry best practise is 20% of Downlink Speed RSRP - 57

020 Telecom Infra Project

w
~



Verify Single Cell, 2 UE TCP bi-directional throughput

UE 1

1st UE UL throughput - 7286 Kbps
1st UE DL throughput - 19704
Kbps

Attenuation - 30db

RSRP - 55

RSRQ -11

RSSI - 63

SNR -20.6

ONEPLUS A6003 B O = & _ ONEPLUS A6003 B O = & _

NetTrack Lite

Operator: CELCOM Stay Safe Stay

G-NetTrack Lite

Operator: CELCOM Stay Safe Stay

PCI325 F:3100 B:L7[0] TA:0
RSRP:-55 RSRQ:-11

eNB:170237CID1PCI325 F:3100 B:L7[20]

UE 2

2nd UE UL throughput - 9262
Kbps

2nd UE DL throughput - 22507
Kbps

Attenuation - 30db

RSRP - 57

RSRQ -12

RSSI - 63

SNR -22.0
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LESSONS LEARNED DURING DEPLOYMENT AND TEST
'ORGANIZATION  NODE ~ TyPE  IsS.e  RESOWTON

UE RACH messages NOT coming; In Changed the RACH parameter value in DU phycfg.xml from

Edotco / celcom UE Attach RACH OnePlus QXDM log, we could see 280 t0 150
RACH messages but the same were
not seen on DU cli Note: In mCMS based setup, this is taken care automatically
Edotco / celcom UE Attach Msg3 failures 100% Msg3 failures were observed eI T Cerigee e wslay priameer velues tor bl
and UL on CPRI
UE attached successfully but was unable Different interfaces are defined for S1-U/S1-C on CU as per
Edotco / celcom UE Data Browsing Y standard configuration. Here, we had a commmon S1-U/S1-C
to browse the data : ; .
interface. Changed the same on CU in platform.xml file
Ty e - UE attach RF latching Unable to latch to the broadcasted test  As a temporary measure wrapped the antenna and the test

RF. No RF isolation box available to use mobile together using aluminium foil and grounded the foil

Unable to physically
DCSGC connect to any
equipments
Unable to configure

Edotco liaised with TIP to provide the missing SFPs and
installed the SFPs accordingly into the DCSG and connected all
equipment as per design

TIP DCSG Project
Group

Missing SFPs for 10 Gbps, 1 Gbps Optical &
1 Gbps Electrical

TIP DCSG Project Managed to source for a Serial Cable and plugged it in so

Group DESC DCSG Missing MMI (Serial cable) configuration can happen
M . RRU / DU Unable to see RF Spectrum analyser was needed to Loaned a RF Spectrum Analyser so it can be used to
avenir broadcasted RF  view the broadcasted RF troubleshoot the issue with no cost to Edotco
. Unable to perform . Managed to get Mavenir to provide 2 handsets with the
SUERES E test Mo UE ferontled Eo pelifolt et needed tracing software to perform the tests
Unable to log into Found power cord loose and not inserted properly. Reinserted
Mavenir Ccu 9 Server down and no power the power cord and connected a secondary power cord so the

node S : .
server has 1+ 1 availability for incoming power
. Edotco created a whatsapp group so all communications
.EI%OtCO / Mavenir / NA NA Miscommunications pertaining to the test lab activities and kept on a common
platform and all are updated

Rechecked both handsets APN and reconfigured

Edotco / Celcom UE RF Latching Attach Rejection APN AUTH to PA, Reconfigured Server IP

Copyright © 2020 Telecom Infra Project, Inc.



Next Steps
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SUMMARY

In summary Edotco was able to execute the Lab trials successfully
with some caveats:

* No CS Voice could be tested

* No VoLTE could be tested due to the absence on IMS

* No Handover test as the Lab environment was a SISO
configured Network with T Omni antenna

* No 2T2R could be tested due to trial RRU was a single
carrier configured RRU

Edotco together with Mavenir was able to test, quantify,
qualify and confirm:

+ Integration to 3™ party L2/L3 SD switch was possible

* Integration to Huawei LTE Core was successful

* Integration to SUNWAVE RRU was successful

* Ease of Deployment (with initial Hiccups)

+ Validate Open RAN Architecture works

» Stability of the solution seems fine throughout the trial

* Acceptable Data Throughput based on certain limitation
within the Lab

Next Steps

« To embark on multi MNO Live Network Trials with Voice
and Data tested

Copyright © 2020 Telecom Infra Project, Inc.
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LONG TERM EVOLUTION - SITE AS A SERVICE + EDGE COMPUTE

\ / 5 /

\

3 <
ce|corn," maxis. digi

®
Copyright © 2020 Telecom Infra Project, Inc. webe O yes
AT carosns mobile

»
»

A
&
v
A



TELECOM INFRA PROJECT

S

Thank you

Find out how TIP can benefit
your company.

Go to telecominfraproject.Com to learn more.




© Copyright Telecom Infra Project and its Contributors. All rights Reserved.
TIP Document License

By using and/or copying this document, or the TIP document from which this statement is linked, you (the licensee) agree that
you have read, understood, and will comply with the following terms and conditions:

Permission to copy, display and distribute the contents of this document, or the TIP document from which this statement is
linked, in any medium for any purpose and without fee or royalty is hereby granted under the copyrights of TIP and its
Contributors, provided that you include the following on ALL copies of the document, or portions thereof, that you use:

* Alink or URL to the original TIP document.

» The pre-existing copyright notice of the original author, or if it doesn't exist, a notice (hypertext is preferred, but a textual
representation is permitted) of the form: "Copyright © <>, TIP and its Contributors. All rights Reserved "

*  When space permits, inclusion of the full text of this License should be provided. We request that authorship attribution be
provided in any software, documents, or other items or products that you create pursuant to the implementation of the
contents of this document, or any portion thereof.

No right to create modifications or derivatives of TIP documents is granted pursuant to this License. except as follows: To
facilitate implementation of software or specifications that may be the subject of this document, anyone may prepare and
distribute derivative works and portions of this document in such implementations, in supporting materials accompanying the
implementations, PROVIDED that all such materials include the copyright notice above and this License. HOWEVER, the
publication of derivative works of this document for any other purpose is expressly prohibited.

For the avoidance of doubt, Software and Specifications, as those terms are defined in TIP's Organizational Documents (which
may be accessed at https://telecominfraproject.com/organizational-documents/), and components thereof incorporated into
the Document are licensed in accordance with the applicable Organizational Document(s).
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Disclaimers

THIS DOCUMENT IS PROVIDED "AS IS," AND TIP MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, NON-
INFRINGEMENT, OR TITLE; THAT THE CONTENTS OF THE DOCUMENT ARE SUITABLE FOR ANY PURPOSE; NOR THAT THE
IMPLEMENTA'I;ION OF SUCH CONTENTS WILL NOT INFRINGE ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADEMARKS OR
OTHER RIGHTS.

TIP WILL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF ANY USE
OF THE DOCUMENT OR THE PERFORMANCE OR IMPLEMENTATION OF THE CONTENTS THEREOF.

The name or trademarks of TIP may NOT be used in advertising or publicity pertaining to this document or its contents
without specific, written prior permission. Title to copyright in this document will at all times remain with TIP and its

Contributors.

This TIP Document License is based, with permission from the W3C, on the W3C Document License which may be found at
https://www.w3.org/Consortium/Legal/2015/doc-license.html.
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