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Agenda

* Highlights of 2019 srsLTE Releases
* Sneak Preview for 2020

* Target Platforms

 Test and Quality Assurance
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www.softwareradiosystems.com



srsLTE Release Highlights in 2019

19.03

— PHY library refactor, TDD and CA for srsUE
— 3GPP channel simulator

— Paging and user-plane encryption

19.06

— UE and eNB architecture refactor

— QoS in srsUE

19.09

— Initial support for NR in MAC/RLC/PDCP, and NB-loT
— CSFB and ZUC support in srsENB/EPC

— srsUE conformance testing

19.12

— 5G NR RRC and NGAP packing/unpacking
— Initial Sidelink support

OFTWARE RADIO SYSTEMS
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New Release Cycle in 2020

* Quarterly release schedule for +2 years
— Especially the x.6 and x.12 releases were hard
* Six-month cycle from now on

— Adopting Ubuntu cycle, i.e. 20.04 and 20.10

— Spring and Autumn better match of development
activity

SOFTWARE RADIO SYSTEMS
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Upcoming srsLTE Features in 2020
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5G-NR Non-Standalone (NSA)

* First for srsUE, then srsENB (core currently not planned)

* Completed:
— User-plane protocol layers

— 4G control plane

 Under development:
— 5G control plane

— X386 PHY

RFSoC PHY

SRS
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C-V2X

* Full PHY layer for Sidelink (SL) Mode 1 - 4
* Tested interoperability with 3rd-party devices

)) UL/DL
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C-V2X

* Full PHY layer for Sidelink (SL) Mode 1 -4
* Tested interoperability with 3rd-party devices
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FIRST ETSI C-V2X INTEROPERABILITY EVENT: SUCCESS RATE OF 95% ACHIEVED PSCEH equalized symbols
Sophia Antipolis, 11 December 2019

Participants included: os-

« Eight On-Board Units: Bosch, Commsignia, Ficosa, Huawei, LGE, Neusoft, Qualcomm, Savari
« Four PKI Providers: Crypta Labs, Gemalto (Thales), Microsec, Penta Security
« Five Test Equipment Vendors: Anritsu, Keysight, Rhode & Schwarz, Spirent, Software Radio Systems

SRS
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* Full PHY layer for UE and eNB in mainline
* No upper layer support (for now

SOFTWARE RADIO SYSTEMS

Cell ID: 268

NPDSCH - Equalized Symbols

Quadrature

o o
In-phase

Master Information Block - NB

MasterlnformationBlock-NB ::= {
mFrameNumber-MSB-r13: 90
hyperSFN-LSB-r13: 40
schedulingInfoSIB1-r13: 2
systeminfovalueTag-r13: 6
ab-Enabled-r13: FALSE
operationModelnfo-r13: Inband-SamePCI-NB-r13
eutra-CRS-Sequencelnfo-r13: 19

}
spare: 00 00

Software Radio Systems MWC2017 NB-JoT Demo

Operation Mode: Inband (Same PCI)

NPSS Cross-Corr abs value

10 20 30 4 s 6 70

System Information Block 1 - NB

SysteminformationBlockTypel-NB ::= {
hyperSFN-MSB-r13: 3
1l 13: cell

pimn-IdentityList-r13: PLMN-IdentityList-NB-r13
PLMN-Identityinfo-NB-rL
plmn-Identity-r13: PLMN-Identit
=

}
cellReservedForOperatorUse-r13: 1

Hyper/System Frame Number: 261 / 640

Channel Response - Magnitude

10
Index

System Information Block 2 - NB

[BCCH-DL-SCH-Message-NB ::= { A
message: Systeminform: { f
criticalExtensions: Systeminformation-NB-r13-IEs ::
sib-TypeAndinfo-r13: sib-TypeAndinfo-r13 ::= {
SysteminformationBlockType2-NB-r13
radioResourceConfigCommon-r1.
RadioResourceConfigCommonSIB-NB-r13 ::= {
rach-ConfigCommon-r13: RACH-
ConfigCommon-NB-r13 ::= {
preambleTransMax-CE-113: 6
owerRampingParameters-r13:
PowerRampingParameters
powerRampingStep: 1
preamblelnitialRecelvedTargetPower: 4

}
rach-Infolist-r13: RACH-Infolist-NB-r13

RACH-Info-NB-r13 ::= {
ra-ResponseWindowSize-r13: 3
mac-ContentionResolutionTimer-r13:

www.softwareradiosystems.com



ZeroMQ Radio Module

* Full stack testing without RF hardware
* Use tools like Valgrind, ASAN, gdb, etc., run faster, slower, pause
 Model complex environments (N eNBs, M UEs, channel matrix)

e 1Q samples over ZMQ IPC/IP sockets
 Timestamp sync and resampling
* No system timers in UE and eNB (timing from samples)

* Part of CMake testing without container or other dependencies

OFTWARE RADIO SYSTEMS
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Random Access Complete. c-rnti=0x46, ta=0 : 25.6 1.16M
RRC Connected % 25.4 782k
Network attach successful. IP: 192.168.3.3
Software Radio Systems LTE (srsLTE)
Received RRC Connection Release i i i brate bler
RRC IDLE i . 36.7k
JRandom Access Transmission: seq=34, ra-rnti=0x2 .

Random Access Transmission: seq=36, ra-rnti=0x2
Random Access Complete. c-rnti=0x48, ta=0
JIRRC Connected :
Received RRC Connection Release : 2

RRC IDLE Disconnecting rnti=0x49.

S-TMSI match in paging message RACH: tti=10151, preamble=7, offset=0, temp crnti=0x4a
Random Access Transmission: seq=20, ra-rnti=0x2 User 0x4a connected

JRandom Access Complete. c-rnti=0x49, ta=0 4a . 25.2 511k 0% 138 . 13.0
RRC Connected 4a /| : 1.43M 0% 137 3 16.9
Received RRC Connection Release : X 0% :

|IRRC IDLE

S-TMSI match in paging message

Random Access Transmission: seqg=7, ra-rnti=0x2
Random Access Complete. c-rnti=0x4a, ta=0
RRC Connected i i i brate
1.09M

Software Radio Systems, Ltd

PDSCH - Equalized
Symbols

Service Request -- User is ECM DISCONNECTED

UE previously assigned IP: 192.168.3.3

Generating KeNB with UL NAS COUNT: 8

UE Ctr TEID ©

Initial Context Setup Request -- eNB UE S1AP Id 4, MME UE S1AP Id 6
Initial Context Setup Request -- E-RAB id 5

Initial Context Setup Request -- S1-U TEID 0x2. IP 127.0.1.100
Initial Context Setup Request -- S1-U TEID 0x2. IP 127.0.1.100
Initial Context Setup Request -- QCI 7

Received Initial Context Setup Response

E-RAB Context Setup. E-RAB id 5

E-RAB Context -- eNB TEID 0x4a0003; eNB GTP-U Address 127.0.1.101
Initial Context Setup Response triggered from Service Request.
Sending Modify Bearer Request.

R BN A A LR SR R Received GTP-C PDU. Message type: GTPC MSG TYPE MODIFY BEARER REQUEST

g 501001?g3§250300350 = Modify Bearer Request received after Downling Data Notification was sent

Quadrature

www.softwareradiosystems.com




srsENB Outlook

e Support for handover
e Support for Carrier Aggregation
* Performance and stability (towads carrier-grade)

SOFTWARE RADIO SYSTEMS
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Target Platforms

* Wide range of RF hardware
— Ettus USRP B2x0/X3x0 families, Epiq Sidekiq, BladeRF,
LimeSDR, etc.
— ZeroMQ based fake RF for I/Q over IPC/network
 Wide range of DSP platforms

SRS

Zyng
UltraScale+
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Quality Assurance
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Continuous Integration

* ~600 unit tests
* Address sanitizer/Valgrind on x86/(ARM)
* Static code analysis with Coverity and LGTM

srsLT

E/srsiE

le quality | E

g o SrsLTE
build passing | ©2 code quality: c/c++ ‘A. coverity ' passed

srsLTE is a free and open-source LTE software suite de
SRS project pages (www.srslte.com) for documentation, guid

www.softwareradiosystems.com



RF Continuous Integration (RFCI)

* In-house testbed based on Jenkins/Docker/Python/etc.
e Execution for each PR, and periodic testing for long jobs
* Cooperation with sysmocom
— Port to OsmoGSMTester
— Extend RF infrastructure

sysmocom installation to be deployed in SRS

OFTWARE RADIO SYSTEMS
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UE Conformance Testing

 3GPP EUTRA UE conformance tests

* Eclipse TITAN TTCN3 compiler

e Custom System Simulator with fake PHY
e Full CI/CD integration

TTCN-3 Device under Test

JSON+RAW
over TCP

pter

SRS Puschmann, et. al., Protocol Conformance Testing

SOFTWARE RADIO SYSTEMS for 4G/5G soft-UEs, UCAAT 2019, Bordeaux, France, October 2019  www.softwareradiosystems.com
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