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GSM and Open Source

* Facts
= Most ubiquitous cellular standard
= 5 billion subscribers (2010)
= Phones on the market since 1992
= Very few baseband vendors

* Open Source in GSM

= OpenBTS (since 2007/08)
AirProbe (since 2007)
OpenBSC (since 2008)
OsmocomBB (since 2010)

#0smocomBB

Integrated Systems Laboratory



GSM and OsmocomBB

* GSM Protocol Layers, simplified overview

= Relationship to OSI protocol
layers
L3 Network Layer i
= Influences from various
specifications
(GERAN/UTRAN)
L2 Data Link Layer
L1 Physical Layer
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GSM and OsmocomBB

* GSM Layers, various protocols

cM, gMmMM, sm, sms| = Influences from
SNDCP
3 - A/Gb (pre release 5
terminals)
LLC, RRC/RR |
= lu (release 5 terminals,
UMTS interface)
RLC
L2 LADPm
MAC
L1 PHY (RF Layer)
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GSM and OsmocomBB

* OsmocomBB

CM, GMM/MM, SM. SMS = Open Source GSM Baseband
SNDCP software
L3 . :
= Implementation of L2/L3 in C
LLC, RF .
running on a host PC
| 1 - Low cost feature phones
L (&Q) fi p
L & used as L1
MAC Oro@ = “Limited” PHY support
- = Interfacing of baseband
L1 PHY (RF processors (e.g. Tl’s Calypso)
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Architecture of a Feature Phone

* Baseband processor / modem processor (qualcomm pat.)

* Computationally intensive tasks in accelerator blocks

I

RF
Transceiver

RAM ROM RAM ROM
System - Baseband- + Accelerators E
@ . keypad Processor Processor
ypa driver ;ﬂodem-
L3 rocessor —I1Equalizer
(e.g. DSP/RTOS)
SIM
SIM 1= I/F PHY 8 bEncoderf
MAC controlling Decoder
i Auxiliary
video RLC frame — _
LD driver scheduling functions
LADPmM
"l | i TPU Mod/
odec _D Demod
D_ codecs
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OsmocomBB Setup

* Baseband and protocol stack

Data link layer,

Network Layer

OsmocomBB
L2/L3
(mobile)

osmaocon

Physical layer

Motorola
C1l and similar
cellular phones

USRP

OsmoSDR

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Integrated Systems Laboratory



OsmocomBB Setup

* Baseband and protocol stack

Data link layer,
Network Layer

OsmocomBB
L2/L3
(mobile)

osmaocon

Physical layer

Motorola
C1l and similar
cellular phones

USRP

OsmoSDR

MATLAB

custom BB

\h—‘.——_‘.——_—-—‘

Support of an ubiquitous
scientific computer language
like GNU/Octave or Matlab
IS missing
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Prospects of running a complete GSM stack

* New approaches during PHY development
= Simulation of PHY together with L2/L3
= Interaction between PHY and higher layers
* PHY development: controlling, debugging, visualization
= Reporting of measurement data to display of phone
= En-/disabling specific PHY functions from user interface
* Hybrid ARQ schemes, incremental redundancy (IR)
= Interaction between channel decoding and MAC layer
= Improved average throughput evaluation

* A flexible interface between L1 and upper layers allows
crossing layer boundaries
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Interface between L1 and L2

* No standardized interface specified

* 3GPP foresees primitive messages
= Request (REQ), confirm (CONF) and indication (IND)

L1CTL from OsmocomBB
- Message examples

Functionality

L1CTL messages

Reset PHY

L1CTL_RESET REQ

L1CTL_RESET CONF

Power Measurement

L1CTL_PM_REQ

L1CTL_PM_CONF

Synchronization

L1CTL_FBSB_REQ

L1CTL_FBSB_CONF
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Proposed Signal Processing Framework

* Goals

= Map complete PHY to Matlab
= L1CTL interface to simplify operation with OsmocomBB

4 N
PHY
RAM ROM RAM ROM
System - Baseband- Accelerators
Processor Processor
keypad
keypadi— dl}i(\?er > Modem-
L3 Fredzoge ——{1Equalizer
(e.g. DSP/RTOS)
SIM SIM K ; E der/
\/F L4 PHY ncoder,
MAC controlling [Decoder |
. Auxiliary
video RLC frame ——i N
LCD driver T scheduling functions |
LADPmM
. TPU Mod/ RF I
| voice |, T Demod [T+ Transceiver
[D_ codecs
(& )
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Framework Overview

* mobile: OsmocomBB application running L2/L3

* phyconnect: Interface to connect mobile to Matlab via
unix socket and memory mapped file

* phydev: PHY implementation in Matlab

= Primitives: signal processing blocks
= L1 controller, TPU, handles: event scheduling, controlling

(" mobile phyconnect phydev A
~N ' f TPU
& memory ]
:% OS I UCUNBB dgrﬁlag(in mapped L1 - 1/Q
L2/L3 socket file [T | controlter [T ] handles F— primitives | —| g3 mples
jﬁﬁ/ \_T L auxiliaries
N y
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phyconnect: Interfacing OsmocomBB & Matlab

* Interfacing mobile (C) and phydev (Matlab)
* Matlab inter-process communication

= TCP/IP socket

= Memory mapped file

= MEX function
* Requirements

= Fast and simple

= Non blocking operation

= Best option: memory mapped file

Integrated Systems Laboratory
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phydev: A PHY realization in Matlab for GSM

* L1 Controller

= Dispatch LICTL messages
* TPU

= GSM counters, FSM according to standard
* handles

= Controllers of receiver blocks, call and evaluate primitives

phydev R
f TPU
memory| ]
mapped L1 handl . 1/Q
file  [T951"| controller | nanales primitives samples
L( L—’ auxiliaries
v
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phydev: A PHY realization in Matlab for GSM

* primitives

= Signal processing blocks

= Operate on a defined amount of I/Q samples
* auxiliaries

= Basic RF transceiver operations, e.g. gain settings,
tune_DCXO()

phydev R
f TPU
memory| ]
mapped L1 handl . 1/Q
file  [T951"| controller | nanales primitives samples
L( L—’ auxiliaries
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L1 Controller & TPU

* Timebase counters
(QN,BN,TN,FN)

 FSM for a MS according to
3GPP TR 44.004

* Sample accurate operation

. o, o L1CTL _FBSB_REOQ Searching
* Each primitive gets the number o.

of samples it operates on as an LICTL PM_REQ
argument

* Synchronization between
input samples and called
primitives

idle-
mode

dedicated-
mode
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primitives: Signal Processing Blocks

* QOperations on RX baseband samples e.g.

= Frequency burst detection FB_det|()

= Carrier Frequency offset estimation FB_est()

= Normal Burst demodulation NB_demod()

T5C mod.
fosb.fo_det fosb, fest l
F 1
-~ ahy
h | prefilter h, ..
FB .f“". channel » coefficient P
detection estimation estimator computation
A 4 A
Channel Reduced state Deinterleaver
shortening » sequence » & Channel "
z[n] prefilter estimator | g[p] Decoder | bits
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primitives: Signal Processing Blocks

* QOperations on RX baseband samples e.g.

= Frequency burst detection FB_det|()
* Detection of a complex sinusoid

TSC  med.
fosb.fbo_det fosb, fest l
¥ 1
h h
' - LS refilter y
FB .'f""’. channel o coefficient P
detection estimation estimator computation
r 4 4 A
h
Channel Reduced state Deinterleaver
shortening » sequence » & Channel [
z[n] prefilter estimator | g[p] Decoder | bits
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primitives: Signal Processing Blocks

* QOperations on RX baseband samples e.g.

= Carrier Frequency offset estimation FB_est()

* Correlation based estimator

* Accuracy below 0.1 ppm of carrier frequency

TSC  mod.
fbsb.fo_det
? ¥ 1
-~ .l
- h | prefilter hpe
FB .f“". channel ¥ coefficient e
detection estimation estimator computation
A r [ A
Channel Reduced state Deinterleaver
shortening » sequence » &Channel [—*
z[n] prefilter estimator | g[p] Decoder | bits
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primitives: Signal Processing Blocks

* QOperations on RX baseband samples e.g.

= Normal Burst demodulation NB_demod()
* Least squares channel estimator
* Channel shortening linear filter
* Reduced State Sequence Estimator

fosb.fo_det fosb fest l |
1 t l 1

ol 5 prefilter h ..
FB Jeo channel coefficient =
detection estimation estimator computation
A 4 A
b
Channel Reduced state Deinterleaver
shortening sequence & Channel [

T [n] prefilter estimator Decoder bits
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Exemplary Processing of a LICTL Message

* Synchronization procedure: L1CTL_FBSB_REQ message

S L1 controller S
- w
= =
P 5
Hr_. mr
L1CTL a o
messages & Er
! —
P =
2
O O,
—
-
S handles S
_'! e
ran [®] [
@ "a E)?: a% .‘g a% £l ¢ o
called o s ) < © Y g 2
primitives & ' a g 3 = o & o
auxiliaries ® ] S 2 e 8
and results & a w ] 2
o = =2
=
S I/Q samples S
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Testbed Setup

* OpenBTS as base station, wireshark for visualization
* Qver the air interface
* State-of-the art multiband RF transceiver

base station \ Receiver Board

!

|

I I

|

 (GPEN) o D@ e 1 | | —>| RFTRX |~—>|sSpartan3| —
l J“I. e ADC FPGA

: = - = :

\

<+ <

]
T o e e e - e S e e P4
DAC q_J

!

I
: TRX/FPGA
! config

1?

Spectrum
\ Analyzer
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Wireshark output, GSM system information

GSM state: camping on any cell

File Edit View Go Capture Analyze Statistics Telephon! Tools  Internals  Help

= ea B

Filter: | gsmtap.chan_type ==

o,

Time Source Destination Protocol Length Info
12 1.176606 127.0.0.1 127.0.0.1 GSMTAP
17 1.412912 127.0.0.1 127.0.0.1 GSMTAP
18 1.644813 127.0.0.1 127.0.0.1 GSMTAP

R L L L]
81 (CCCH) (RR)
&1 (CCcCH) (RR)
81 (CCcCH) (RR)

-~

IBEEEE

(L

Frame 12: 81 bytes on wire (648 bits), 81 bytes captured (648 bits)
Ethernet 1T, Src: 00:00:00_00:00:00 (00:00:00:00:00:00), Dst: 00:00:00_00:00:00 (00:00:00:00:00:00)

Internet Protocol version 4,

User Datagram Protocol, Src Port: 48500 (48500), Dst Port: gsmtap (4729)
GSM TAP Header, ARFCM: 609 (Downlink), Ts: 0, Channel: BCCH (Q)

version: 2

Header Tlength: 16 bytes

Payload Type: GSM uUm (MS<->BTS) (1)
Time slot: O

..00 0010 0110 0001 ARFCN: 609
LO0ve vies vee wee. = Uplink: O
Signal/Noise Ratio (dB): 203
signal Level (dem): O

GSM Frame Number: 1059986
Channel Type: BCCH (1)

Aantenna Number: O

sub-sTot: 0

GSM CCCH - System Information Type 1

L2 Pseudo Length

Protocol Discriminator: Radio Resources Management messages
Message Type: System Information Type 1

cell channel Description

RACH Control Parameters

SI 1 Rest Octets

X Aae+»9TL [EE aaanD #B8% % &

|Z|E}{prasion... Clear Apply Save

SyILEm simunmac o 1ype
system Information Type
system Information Type
system Information Type

src: 127.0.0.1 (127.0.0.1), Dst: 127.0.0.1 (127.0.0.1)

W=
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Conclusion

* Running a complete GSM stack is fruitful for PHY
algorithm development

* There is a growing interest in PHY operations, also by SDR
and open source communicites

* We have shown OsmocomBB can be interfaced to PHY
simulation framework
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Conclusion

* Running a complete GSM stack is fruitful for PHY
algorithm development

* There is a growing interest in PHY operations, also by SDR
and open source communicites

* We have shown OsmocomBB can be interfaced to PHY
simulation framework

Thank you for your attention!
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