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UE
UE : 1 UE

ASUSNB M580V

1 UE ZeroMQ
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EPC+
eNB

UE

OS : Ubuntu
SIsLTE

OS : Ubuntu
SISLTE

Ubuntu 20.04

srsLTE20.04.1
c892ae56be5302eaee5cal0e270efc7a5ce6fbb

Ubuntu 20.04
srsLTE 20.04.1

c892ae56he5302eaee5ca00e270efc7a5cebfbb
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Step1l eNB (enb_files)

eNB vim /etc/srslte/enloonf eNB
[enb_files] SIB sib_config
[etc/srsite/silconf.mbsfn

enb_files]
éib_config /jetc/srslte/sib.conf.mbsfn
rr_config rr.conf
drb_config = drb.conf
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Stept2 eNB (scheduler)

eNB [etc/srslte/enloonf
[scheduler]

U
[scheduler]
¥max aqai 1 &

t: sch mcs - -1
pusch_max_mcs = 16
min_nof_ctrl_symbols
max_nof_ctrl_symbols




Step13 eNB (embms)

eNB [etc/srslte/enloonf eMBMS
[embms]

mlu_ multiaddr MBMS-GW eNB Multicast Group

mlu_if addr MulticastGroup

enable = true
miu_multiaddr = 239.255.0.1
miu_if_addr = 127.0.1.1
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Step14 eNB (rf)

ZeroMQ Samples

eNB [etc/srslte/enloonf

[rf]
device_name ZeroMQ
device_args ZeroMQ RX TX

[rf]

#dl earfcn = 3400
tx gain = 80
rx_gain = 40

#device name = auto

Lme aav nsamples = auto

# Example for ZMQ-based operation

device_name = zmq

device_args = fail_on_disconnect=true,tx_port=tcp://*:2000,rx_port=tcp://10.0.0.
2:2001,1d=enb,base_srate=23.04e6
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Step15 eNB (expert)

ZeroMQ
Samples [expert] nof phy threads
1 PHY race

condition
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Step16 eNB (sib.conf.msbfn)

cd /path/to/srslte/srsenb/
SrsLTE srsenb
sudocp ./sib.confmbsfnexample/etc/srslte/silconfmbstn
eMBMS SIB SrsLTE
cat /etc/srslte/siltonf.mbsfn
sibl3 sibl  si_mapping_info 13

sibl = sib13 =

{ {
intra_freq_reselection = "Allowed"; mbsfn_notification_config =
q_rx_lev min = -65; { e o S
- - T mbsfn_notification_repetition_coeff = "n2";
[/p_max = 3; = = mbsfn_notification_offset = 0;
cell_barred = "NotBarred mbsfn_notification_sf_index = 1;
si_window_length = 20; };
sched info = mbsfn_area_info_list_size = 1;
( = mbsfn_area_info_list =
{
{ non_mbsfn_region_length = "s2";
si periodicity = 16: mcch_repetition period = "rf64";
st_mapping_tnfo = [13]; // com mcch_modification_period = "rf512";

// Leave emply or commented to signalling_nmcs = "n2";
mbsfn_area_id = 1;

} notification_indicator = 0;
); mcch_offset = 0;
system_info_value_tag = 0; sf_alloc_info = 32;

18



Step2 MBMSGW

MBMS-GW
vim /etc/srslte/mbmsonf MBMS-GW
[mbms_gw]
mlu_multi_addr eNB
(mlu_multiaddr)

Multicast Group

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
23 R R R R R R AR R R R R R R R R AR R R R R R AR R R BB HR R R R R R #

[mbms_gw]
name = srsmbmsgwo1l
sgi_mb_if_name = sgi_mb

172.16.0.254
255.255.255.255
239.255.0.1
127.0.1.200

1

sgi_mb_1if_addr
sgi_mb_1if_mask
miu_multi_addr
miu_multi_1if
miu_multi_ttl

19



Step31 UE (rf)

ZeroMQ Samples UE

UE
vim /etc/srslte/ueonf UE [If]

[rf]
dl_earfcn = 3480
freq_offset = 8

# Example for ZM()-based operation with TCF

Blevice_name = zmq
device_args = tx_port=tcp://*:2001,rx_port=tcp://10.0.0.1:2000,1d=ue,base_srate=23.04e6

20



Step32 UE (rrc)

eMBMS UE
(/etc/srslte/ueont) [rrc] mbms_service id O
UE eMBMS

fidngingiginingisiiiiniiniiniigininsisigigsiiniiiiiiis

rrc]

H#
24
4d
b 4
B
73
54
44
B
it
i
E}
B

1

D
a8
T

£
7

ea aroup

mbms_service_1id

44 v
H#Momes ervwce




Step33 UE (phy)

SrsLTE UE
(/etc/srslte/ueonf) [phy]

snr_estim_alg nof phy hreads
Interpolate_subframe_enabled

#todsch m
n
#equ

esg ato L or«
#snr_to_cqi_offset = 0.€
interpolate_subframe_enabled = true
#pdsch cs enat lLed 1

pds .,_'-:.'_- bi |__|,_' eco Jr,_' = fa ._ s5e
#force ul amplitude = ¢
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Step4

Iperf3 socat ffmpeg pv
y MBMS-GW UE sudo apt install
-y Iperf3 socatffmpeg pv

:~$ sudo apt install -y iperf3 socat ffmpeg pv

Reading package lists... Done

Building dependency tree

Reading state information... Done

Suggested packages:

ffmpeg-doc doc-base

The following NEW packages will be installed:

ffmpeg iperf3 pv socat

0 upgraded, 4 newly installed, © to remove and 58 not upgraded.

Need to get 1837 kB of archives.

After this operation, 3635 kB of additional disk space will be used.
://tw.archive.ubuntu.com/ubuntu focal/universe amd64 ffmpeg amd64 7:4.2.2-1ubuntul [1452 kB]
://tw.archive.ubuntu.com/ubuntu focal/universe amd64 iperf3 amd64 3.7-3 [14.2 kB]
://tw.archive.ubuntu.com/ubuntu focal/main amd64 pv amd64 1.6.6-1 [48.3 kB]
://tw.archive.ubuntu.com/ubuntu focal/main amd64 socat amd64 1.7.3.3-2 [323 kB]

Fetched 1837 kB in 0s (5959 kB/s)

Selecting previously unselected package ffmpeg.

(Reading database ... 187240 files and directories currently installed.)

i to unpack .../ffmpeg_7%3a4.2.2-1ubuntul_amd64.deb .
ffmpeg (7:4.2.2-1ubuntul) :
previously unselected package iperf3. I
to unpack .../iperf3_3.7-3_amd64.deb ...
iperf3 (3.7-3)
previously unselected package pv.
to unpack .../archives/pv_1.6.6-1_amd64.deb ...




StepS Wireshark

Wireshark MBMS-GW IP
UE MAC PDU MBMS-GW UE
sudo addaptrepository ppawiresharkdev/stable sudo apt
update sudoaptget -y install wireshark Wireshark
Ayeso

Package configuration

| Configuring wireshark-common |

Dumpcap can be installed in a way that allows members of the "wireshark"
system group to capture packets. This is recommended over the
alternative of running Wireshark/Tshark directly as root, because less
of the code will run with elevated privileges.

For more detailed information please see
fusr/share/doc/wireshark-common/README.Debian.gz once the package is

installed. I

Enabling this feature may be a security risk, so it is disabled by
default. If in doubt, it is suggested to leave it disabled.

Should non-superusers be able to capture packets?

m <No>

24



Stage 1 Check List

eNB
/etc/srslte/enb.conf

eNB sib13
[etc/srslte/sib.cong.mbsfi sibl  si_mapping_info 13

MBMS-GW
/etc/srslte/mbms.conf

UE
/etc/srslte/ue.conf

iperf3 socat ffmpeg

Wireshark wiresharki version Wireshark
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AStage 2. eMBMS

o Stepl
0 Step2
0 Step3
0 Step4
0 Steps
0 Step6

MBMS-GW
EPC

eNB

UE

o Step7 Multicast

Outline
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Stepl MBMS-GW

MBMS-GW sudo srsmbms SrSLTE
MBMS-GW
Ip link show

sgi._mb TUN

S sudo srsmbms
[sudo] password for user:

Software Radio Systerfs MBMS

Reading configuration file /etc/srslte/mbms.conf...
Multicast interface specified. Address: 127.0.1.200
MBMS GW Initiated

4: sgi_mb: <POINTOPOINT,MULTICAST,NOARP,UP,LOWER UP> mtu 1500 qdisc fq_codel st
ate UNKNOWN mode DEFAULT group default qlen 500
link/none

27



Step?2 EPC

EPC sudo srsepc srsLTE MME
HSS SGW P-GW
Ip link show
srs_spgw_sgi TUN

:~S sudo srsepc
[sudo] password for user:

Built in Release mode using commit c892ae56b on branch HEAD.

Software Radio Systems EPC

Reading configuration file /etc/srslte/epc.conf...
HSS Initialized.

MME S11 Initialized

MME GTP-C Initialized

MME Initialized. MCC: 0xf001, MNC: ©Oxffo1

SPGW GTP-U Initialized.

SPGW S11 Initialized.

SP-GW Initialized.

6: srs_spgw_sgi: <POINTOPOINT,MULTICAST,NOARP,UP,LOWER UP> mtu 1560 qdisc fq_co
del state UNKNOWN mode DEFAULT group default qlen 500
link/none

28



Step3 eNB

eNB sudosrsenb SISLTE eNB
EPC
S1

$ sudo srsepc
[sudo] password for user:

:~$ sudo srsenb
[sudo] password for user:
Software Radio Systems LTE eNodeB ---
Built in Release mode using commit cB892ae56b on branch HEAD.

Reading configuration file /etc/srslte/enb.conf...

Built in Release mode using commit c852ae56b on branch HEAD. Software Radio Systems EPC - --
Opening 1 channels in RF device=zmq with args:fggl_on_disconnect:true,tx_part:tc
p://*:20008,rx_port=tcp://16.0.08.2:2001,1d=enb,base_srate=23.04e6

CHx base srate=23.04e6

CHx id=enb

Current sample rate is 1.92 MHz with a base rate of 23.04 MHz (x12 decimation)
CHO rx_port=tcp://10.0.08.2:20061

CHO® tx_port=tcp://*:2000

CH@ fail on disconnect=true

Current sample rate is 11.52 MHz with a base rate of 23.84 MHz (x2 decimation)
Current sample rate is 11.52 MHz with a base rate of 23.84 MHz (x2 decimation)
Setting frequency: DL=2685.0 Mhz, UL=2565.0 MHz for cc_idx=0

Reading configuration file [etc/srslte/epc.conf...
HSS Initialized.

MME 511 Initialized

MME GTP-C Initialized

MME Initialized. MCC: @xfod1, MNC: oxffoil

SPGW GTP-U Initialized.

SPGW 511 Initialized.

SP-GW Initialized.

Received 51 Setup Request.

S1 Setup Request - eNB MName: srsenb0l1, eNB id: @x19ba
51 Setup Request - MCC:001, MNC:01, PLMN: 61712

S1 Setup Request - TAC 6, B-PLMN @

S1 Setup Request - Paging DRX v128

Sending 51 Setup Res

= eNodeB started =
ype <t> to view trace




Step4 UE

UE sudo srsue srIsLTE UE
MBMS-GW
EPC eNB

:~§ sudo srsue
[sudo] password for user:
Reading configuration file /etc/srsltefue.conf...

Authentication Response -- IMSI 001018123456789 :~§ sudo srsenb
e [sudo] password for user:
Software Radio Systems LTE eNodeB

Mode Command.

lete Reading configuration file [etc/srslte/enb.conf..
Bullt in Release mode using commit €8923e56b on bran HEAD. Built in Release mode using commit cB92ae56b on bra
scription information -- QCI 7 nch HEAD.
Opening 1 channels in RF device=zmq with args=tx_port=tcp://*:2001,rx_port=tcp: eate Session Re
€_srate=23.04e6
CHx base_srate=23.04e6
CHx id=ue
Current sample rate is 1.92 MHz with a base rate of 23.64 (x12 decimation)
CH® rx_port=tcp://10.0.0.1:2080
CHe tx_port=tcp://*:2001
Waiting PHY to initialize ... done!
Attaching UE... i
Current sample rate is ﬂ£92 MHz with a base rate of 23.84 MHz (x12 decimation)

Current sample rate is 1.92 MHz with a base rate of 23.04 MHz (x12 decimation)

Opening 1 channels in RF device=zmq with args=fail_
on_disconnect=true,tx_port=tcp://*:2000,rx_port=tcp
://10.6.0,2:2001,1d=enb,base_srate=23.04e6
CHx base_srate=23.04e6
TEID 1 CHx id=enb
TEID 1 Current sample rate is 1.92 MHz with a base rate of
.16 23.04 MHz (x12 decimation)
CHO rx_port=tcp://10.6.0.2:2001
SPGW control TEID 1 CHO tx_port=tcp://*:2000
- SPGH 51-U Address: 127.0 CH® fail_on_disconnect=true
Current sample rate is 11.52 MHz with a base rate o
to IMSI 661616123 f 23.04 MHz (x2 decimation)
Current sample rate is 11.52 MHz with a base rate o
to Initial Context Setup Reque f 23.04 MHz (x2 decimation)
Setting frequency: DL=2685.0 Mhz, UL=2565.0 MHz for
cc_idx=0

Found Cell: Mode=FDD, PCI=1, PRB=50, Ports=1, CF0=-0.2 KHz

Current sample rate is 11.52 MHz with a base rate of 23.84 MHz (x2 decimation)
Current sample rate is 11.52 MHz with a base rate of 23.84 MHz (x2 decimation)
Found PLMN: 1d=88161, TAC=7

Random Access Transmission: seq=42, ra-rnti=8x2

Random Access Complete. c-rnti=0x46, ta=0

==== eNodeB started ===
> Type <t> to view trace
RACH: tti=181, preamble=42, offset=0, temp_crnti=0
x46
User 0x46 connected

MBMS service started. Service id=8, port=4321, lcid-=1
Network attach successful. IP: 172.16.0.2
Software Radio Systems LTE (srsLTE)

: GTPC_MSG_TYPE_

nding EMM Information
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UE

MBMS-GW

PING 172.

64
64
o4
b4
64
64
64
o4
o4
64

rtt min/avg/max

bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes

16.0.
from
from
from
from
from
from
from
from
from
from

Steps

ping 17216.0.254 -c 10

MBMS-GW

S ping 172.16.

254

172.
172.

172

172.
172.
172.

172

172.
172.
172.

(172
16.
16.
.16.E
16.
16.

0.
-

16.0.
254:
254:
.254:

.254:

0.254:

16.€

.16.€
16.
10.
16.

.254:
.254:
.254:
.254:

.254:

0.254 -c 10

254) 56(84) bytes
icmp seq=1 ttl=64
icmp _seq=2 ttl=64
Llcmp_seq=3 ttl=64
1cmp_seq=4 ttl=64
icmp_seq=5 ttl=64
icmp seq=6 ttl=64
icmp _seq=7 ttl=64
Llcmp_seq=8 ttl=64
icmp_seq=9 ttl=64

172.16.06.254 ping statistics
10 packets transmitted, 10 received, 0% packet loss, time 9011ims

[ mdev

of data.
time=35.
time=33.
time=60.
time=56.
time=97.
time=70.
time=85.
time=53.
time=74.
icmp seq=18 ttl=64 time=58.1 ms

33.588/62.541/97.467/19.179 ms

A e T

=l

£ LA WA

4 3 3 333333
LT T T T ¥ T N T T T O P |

UE



Step6

MBMS-GW sudo Ip route add
239.2551.0/24 dev sgi_mb Multicast
sgi_mb MBMS-GW Ip route show

:~$ ip route show
default via 10.6.2.2 dev ens3 proto dhcp metric 100
10.0.0.0/24 dev ens4 proto kernel scope link src 10.0.0.1 metric 101
10.0.2.0/24 dev ens3 proto kernel scope link src 10.0.2.15 metric 100

169.254.0.0/16 dev ens4 scope link metric 1000

172.16.0.0/24 dev srs_spgw _sgli proto kernel scope link src 172.16.0.1
239.255.1.0/24 dev sgi_mb scope link
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Step£1 Multicast ( )

UE socat -u UDP-RECV.3454G
bind=2392551.1,ip-addmembership239.2551.1:tun_srsue
UDP socket Multicast Group

2392551.1

:~S socat -u UDP-RECV:3456,bind=239.255.1.1,1p-add-membership=239.25
5.1.1:tun_srsue -

33



Step£2 Multicast (

MBMS-GW
socat-u - UDP-DATAGRAM:2392551.1:3456
UDP socket
socket Multicast
MulticastGroup

:~% socat -u - UDP-DATAGRAM:239.255.1.1:3456

34



Step£3 Multicast ( )

MBMS-GW
UE

MBMS-GW UE Multicast

UDP-DATAGRAM:239.255.1.1:3456

Enter

:~% spcat -u -

123456/890
test
NUK CSIE

S socat -u UDP-RECV:3456,bind=239.255.1.1,1ip-add-membership=239.25

5.1.1:tun_srsue -
1234567890

35



MBMS-GW

EPC

eNB

UE

Multicast

Stage 2 Check List
!

srsmbms
TUN

srsepc
TUN

srsenb
srsue
MBMS ServicelD

MBMS-GW
MulticastGroup

sgi_mb

SI's_Spgw._sg

EPC S

eNB

UE
Multicast
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Outline

AStage 3. eMBMS

o Stepl
0 Step2
0 Step3
0 Step4
0 Steps
0 Step6

EPC

UE MAC PDU
PDU

MIB SIB

MCH

eMBMS
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Stepll EPC (sgi_mb)

MBMS-GW Wireshark sgi_mb
socat -u -
UDP-DATAGRAM:239255.1.1:3456
1234567890 Enter

...using this filter: Ent caj t - .I All interfaces shown =

b
[ I T A I (e

:~% socat -u - UDP-DATAGRAM:239.255.1.1:3456

1234567896
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Stepl? EPC (sgi_mb

MBMS-GW Wireshark UDP

2392551.1
sgi_mb

Mo. Time Source Destination  Protocol Lengtt Info
1 B.E88L0088E 1/2.16.8.224 239.255.1.1 UDP 49 53924 - 3436 Len=11

v Frame 1: 39 bytes on wire (312 bits), 39 bytes captured (312 bits) on imterface sgi_mb, id O
Raw packet data

v Internet Protocol Version 4, Src: 172.16.8.254, Dst: 239.255.1.1

v User Datagram Protoceol, Src Port: 53954, Dst Port: 3456

= Data (11 bytes)

Data: 3132333435363738:

SLEE 45 BB Be 2T 57 O7 40 06
ge1e ef ff 61 81 d2 c2 6d 80
B8e20 b 37 : 30 Ba
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Stepl3 EPC (M1)

Wireshark Wireshark
lo net 127.0.1.0/24 eNB
MBMS-GW M1
Multicast 123456789

Capture

...using this filter: net 127.0.1.0/24] B4 | Al interfaces shown ~
sgi_mb =
S55_spgw_sgi —" A
ens3 — A
ensd [Ty

| loopbackilo . _ M. |
any [Ty T
bluetooth-monitor
nflog
nfgueue -

:~$ socat -u - UDP-DATAGRAM:239.255.1.1:3456

1234567890

test

NUK CSIE

A8 :~$ socat -u - UDP-DATAGRAM:239.255.1.1:3456
1234567890

AC :~$ socat -u - UDP-DATAGRAM:239.255.1.1:3456
123456789




Stepl4 EPC M1

MBMS-GW Wireshark UDP
Wireshark
Header eMBMS GTP
GTP
Wireshark

No. Time Source Destination  Protocol Lengtt Info

1 b.BUPLEEEYY 127.8.1.200 239.255.0.1 UDP 88 34811 - 2153 Len=46
B3BBG .8.1. .8.1. 9B BEA

3265 127.0.1.186 127.8.1.1  SCTP 98 HEARTBEAT_ACK

10. B
3 18.57392

Frame 1: 88 bytes on wire (704 bits), 88 bytes captured (784 bits) on interface lo, id @

Internet Protocol Wersion 4, Src: 127.0.1.200, Dst: 239.255.08.1
User Datagram Protocol, Src Port: 34811, Dst Port: 2153
Data (46 bytes)

Data: 3J0FTO0260000aaaadspRRB26c4d54000011116e3ac1BBbrfe.

i " v v w

[Length: 46]

216
ee2e
8630
Be4n
BeE50
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Stepl15 EPC ( )

Wireshark Wireshark
sgi._ mb lo net 239.2550.0/24 or
net 239.2551.0/24 SGI MB M1

Multicast 0876543210

Capture
...using this filter: net 239.255.0.0/24 or net 239.255.1.0/24] Ed - | All interfaces shown -
| sgimb |
gngpgw_ggi O W | 1 W — A — A,
ens3 i A

:~% sopcat -u - UDP-DATAGRAM:239.255.1.1:3456
1234567890
test
NUK CSIE
AL :~% socat -u - UDP-DATAGRAM:239.255.1.1:3456
1234567898

A

1

:~$ socat -u - UDP-DATAGRAM:239.255.1.1:3456
345678
:~$ socat -u - UDP-DATAGRAM:239.255.1.1:3456

:~a S50Ca -u - UDP-DATAGRAM:239.: >+« 1:1:34506
5 t JDP-DATAGRAM: 239.255.1.1:3456

A
A

C
2
C
9876543210
C
8

9

76543210
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Stepl16 EPC ( )

MBMS-GW Wireshark UDP
Multicast
sgi_mb MBMS-GW GTP
M1 Multicast Group eNB
MBMS-GW eNB

Destination  Protocol Lengtt Info

» Frame 1: 39 bytes on wire (312 bits), 39 bytes captured (2312 bits) on interface sgi_mb, id ©
Raw packet data
+ Intermet Protocol Version 4, Src: 172.16.0.254, Dst: 239.255.1.1
# User Datagram Protocol, Src Port: 41852, Dst Port: 3456
= Data (11 bytes)
Data: 393837363534333231300a
[Length: 11]

Y

45 00 09 27 ba ay7 40 08 01 11 21 18 ac 18 @@ fe E--"- @ ! :
ef ff 01 61 a@ 5c ©d 80 06 13 9f d7 39 38 37 36 \ 9876
35 34 33 32 31 30 Ba 543210
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Stepl7 EPC (GTP)

TS 29.060 GTP Header Wireshark
Header GTP Header GTPW
39 Dbytes(Qx27) TEID
OxO000AAAA

Bits
No. Time * Source Destination Protocol Lengtt Info
ia. aamaaaae 1?2 15 a. 254 239.755. 1 1 unp 39 41052 —  Octets 8 7 6 5 4 3 2 1
1 Version ‘ PT | (% ‘ E ‘ S ‘PN
» Frame 2: 89 bytes on wire (712 bits), 89 bytes captured (712 bits) on interface ] 2 Message Type
+ Ethernet II, Src: 00:00:00_60:00:00 (80:00:00:00:00:00), Dst: 60:00:00_00:00:88 | 3 Length (1% Octet)
» Internet Protocol Version 4, Src: 127.0.1.200, Dst: 239.255.0.1
v User Datagram Protocol, Src Port: 34811, Dst Port: 2153 4 Length (2% Octet)
= Data (47 bytes) - -
Data: 38TTEEZ2700BRaaaad50ERR27baar400001112110aciEeale. 5 Tunnel Endpoint Identifier (1% Octet)
[Length: 47] - )
6 Tunnel Endpoint Identifier (228 Octet)
7 Tunnel Endpoint Identifier (3* Octet)
8 Tunnel Endpoint Identifier (4% Octet)
G0 PO 0O B 0O 0O G0 B 0O GO OB 0O 63 0B 45 B0 9 Sequence Number (1% Octet)! ¥
J10 8@ 4b 9 1a 46 60 81 11 ﬂfbf?f@ﬁﬂic&efff
BE20 B8 69 80 37 71 11 E 10 Sequence Number (224 Qctet)!?
BE30 E 5 d i
0040 [T 91 61 ab 5c 0d 89 0O 13 9f d7 39 38 5 11 N-PDU Number® ¥
BEsE & 35 33 32 31 3@ Oa 76543 1l3 ;
e . 12 Next Extension Header Type? 9




Step21  UE MAC PDU(mkfifo)

UE MAC PDU

Named Pipe(fifo) PDU UE
mkfifo /tmp/uepcappipe
Named Pipe file /tmp/uepcappipe
fifo(namedpipe)

:~S sudo mkfifo /tmp/ue.pcap.pipe
[sudo] password for user:
:~S file /tmp/ue.pcap.pipe

/tmp/ue.pcap.pipe: fifo (named pipe)
=9 /
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Step22  UE MAC PDU( )

UE sudo vim /etc/srslte/ueonf UE
[pcap]
eNB UE

¢ '
.

nas

I
¥ NAaSs

[pcap]

enable = true

filename = /tmp/ue.pcap.pipe
nas_enable = false

nas filename = /tmp/nas.pcap




Step3l PDU ( )

eNB UE UE
Named Pipe Consumer UE
NamePipe  block

:~$ sudo srsue
Reading configuration file /etc/srslte/ue.conf...

Built in Release mode using commit c892ae56b on branch HEAD.

Opening 1 channels in RF device=zmq with args=tx_port=tcp://*:2001,rx_port=tcp://10.0.06.1:2000,1d=ue,bas

e _srate=23.04e6

CHx base srate=23.04e6

CHx id=ue

Current sample rate is 1.92 MHz with a base rate of 23.04 MHz (x12 decimation)
CHO rx_port=tcp://10.0.0.1:2000

CHO tx_port=tcp://*:2001
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Step3?2 PDU ( )

UE sudowireshark-k -1 /tmp/uepcappipe
Wireshark UE MAC PDU
Wireshark UE
Wireshark

File Edit Wiew Go Capture Analyze Statistics Telephony Wireless Tools Help

: e e = Ol ===
mAae RN QeudEF I = QAQQE
|I|-'L|':‘. y a display filter ... <Ctrl-/=
No. Time Source Destination Protocol Length Info
6 8.577684 51
7 1.5166083 552
8 1.544773 132
9 1.548191 ar
16 1.5817066 552
11 1.604605 47
12 1.608204 ar
13 1.634627 552
14 1.663731 TG
15 1.670602 132
16 1.764943 552
17 1.838601 1e4
18 1.845667 30
19 1.882146 76

20 1.947443 296



Step33 PDU (

Wireshark Edit->PreferencesProtocols>

DLT_USER Edit

T Appearance Protocols

Columns
Eiew Go Capture Analyze Statistics Telephony Wireless Tools Font and Cola Display hidden protocol items
_ Layout
¥ 1 | T ¥ Capture Display byte fields with a space character between bytes
P 4

. i — Expert X
. & Find Packet... Ctrl+F [ F.|tpgr Buttons Look for incomplete dissectors

m ) P
| l. Find Next Ctrl+N I Pro_cols |

No. Find Previous Ctrl+B Protocol .
v 2dparityfec
3GPP2 A1l

3Enahle stricter conversation tracking heuristics

Mark/Unmark Packet Ctrl+M
Mark All Displayed Ctrl+shift+M Wireshark - Preferences *®

D-BUS

Data DLT User 5
DAYTIME Encapsulations Tal

DB-LSP

DB-LSP-DISC . at

DCCP enumerates the
DCERPC various protocols to
DCOM be used against a
DCT2000 certain user DLT
DDTP

DeviceNet

DHCP/BOOTP

DHCPFO

v Eri 2d (176 bits) on in| e Bulk

v Usy references->Protoco DIAMETER
» Dal | DICOM
DIS
DISTCC
Time Shift.., Ctri+Shift+T DjluAv
DLM3
Packet Comment... Ctri+Alt+C DLSW

Delete All Packet Comments @ 4

Ctrl+Shift+A DMX Channel
. DNF 3.0 v
Ctrl+Shift+P

4 »

! @Yok | X Ccancel 5 tHelp

Ignore/Unignore Packet Ctrl+D

Set/Unset Time Reference Ctri+T

Preferences..;\,
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Step34 PDU (

DLT=147 Payload protocol
maclte-framed OK

User DLTs Table b

DLT Payload protocol Header size Header protocol  Trailer size [

EEIGR S]] mac-Ite-framed|

Devicel k
DHCP/E
DHCPF
DHCPy
DHCPy
DIAME]
DICOM
DIS
DISTCC
DJIUAV
DLM3

DLSw —
DLT _1 Djla)lv(= 3
. X cancel || 5 ZHelp

DMH cl rarmreTTT T
DNP 3.0 -

q b 4
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Step35

Wireshark

PDU (

File Edit WView Go Capture Analyze Statistics Telephony Wireless Tools Help
7 o - 7 p S =— m || |=

AW 2 X0 Qe ES & .= & Q1

[I |;1|'p- y a display filter ... <Ctrl-/= =3 '] +

No. Time Source Desti Protocol Length Info -
1612 189.155752 MAC-LTE 552 UL-SCH: (SFN=996 , SF=8) UEId=8 (Short BSR) (Power Headroom Report) (Padding:..
1613 189.296400 MAC-LTE 552 UL-SCH: (SFN=1880, SF=8) UEId=0 (Short BSR) (Padding:remainder)
1614 189.421853 MAC-LTE 552 UL-SCH: (SFN=1804, SF=B) UEId=@ (Short BSR) (Power Headroom Report) (Padding:..
1615 189.452341 LTE RR- 37 RRCConnectionfelease [cause=other]
1616 185.4B8544 RLS-LTE 552 [UL] [AM] SRE:1 [CONTROL] ACK_5N=4
1617 198.203522 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1618 152.8630638 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1619 193.755225 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1620 195.654277 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1621 197.506443 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1622 199.574442 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1623 201.531196 MAC-LTE 296 MCH: (MCH Scheduling Informaticon:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1624 203.394355 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1625 205.247808 MAC-LTE 296 MCH: (MCH 5Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
1626 207.353317 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
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Step36 PDU (

Wireshark UE MAC PDU
1. UE Wireshark
2. Wireshark srsUEcrash

CHO rx_port=tcp://16.0.0.1:2000

CHO tx_port=tcp://*:2001

Waiting PHY to initidlize ... done!

Attaching UE...

Current sample rate is 1.92 MHz with a base rate of 23.04 MHz (x12 decimation)
Current sample rate is 1.92 MHz with a base rate of 23.04 MHz (x12 decimation)

Found Cell: Mode=FDD, PCI=1, PRB=50, Ports=1, CF0=-0.2 KHz

Current sample rate is 11.52 MHz with a base rate of 23.04 MHz (x2 decimation)
Current sample rate is 11.52 MHz with a base rate of 23.04 MHz (x2 decimation)
Found PLMN: I1d=00101, TAC=7

Random Access Transmission: seq=21, ra-rnti=0x2

Random Access Complete. c-rnti=0x46, ta=0

RRC Connected

Network attach successful. IP: 172.16.0.8

MBMS service started. Service 1d=0, port=4321, lcid=1

Software Radio Systems LTE (srsLTE)

srsLTE crashed... backtrace saved in './srsLTE.backtrace.crash'...

--- exiting

srsLTE crashed... backtrace saved in './srsLTE.backtrace.crash'...
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Step4l  MIB SIB(MIB)

UE MAC PDU Master Information Block
(MIB) PHY SIB1
LTE

No. Time Source DestiProtocol Length Info
1 6.868000 LTE RR. 22 MasterInformationBlock (SFN=16)
B.118364 LTE RR. ystemInformationBlockType
3 B.445585 LTE RR. 60 SystemInformation [ SIB2 SIBi13 ]
4 A.514RA83 MAC -1 TE AR RAR (RA-RNTT=2. SEN=R? . S5F=891 (RAPTN=3A: TA=A. Ul -Grant=5273f. T¢

» Frame 1: 22 bytes on wire (176 bits), 22 bytes captured (176 bits) on interface /tmp/ue.pcap.pipe, id @
DLT: 147, Payload: mac-lte-framed (mac-lte-framed)

-W transport)
= [CWntext]

[Radio Type: FDD (1)]
[Direction: Downlink (1)}]
[System Frame Number: 52]
[Subframe: @]
[RNTI Type: NO-RNTI (8)]
[Length of frame: 3]
[CRC Status: OK (1)]
[Carrier Id: Primary (©8)]
[Transport channel: BCH (8)]
= LTE Radie Resource Control (RRC) protocol
= BCCH-BCH-Message
~ massafe
dl-Bandwidth: n58 (3)
= phich-Config
phich-Duration: normal (@)
phich-Resource: oneSixth (@)
systemFrameNumber: 18 [bit length 8, 90681 0000 decimal wvalue 16]
schedulingInfoSIB1-BR-r13: SystemInformationBlockTypel-BR is not scheduled (@)
...8 .... systemInfoUnchanged-BR-r15: False
spare: @@ [bit length 4, 4 LSB pad bits, @066 .... decimal value 0]




Step42  MIB SIB(SIB1)

SysteminformationBlock Typel(SIB1)

SIB eNB MCC MNC SIB
( Window )

SIB13 SIB1

No. Time Source |Desti Protocol Lengtt Info
1 0.600008 LTE RR.. 22 MasterInformationBlock (SFN=16)
2 B.118364 [ B
A _AARRRE LT PR ARl SuctamTnfarmatinn [ STR? STR13 )
[RNTI Type: SI-RNTI (4)]
[Length of frame: 18]
[CRC Status: OK (1)]
[Carrier Id: Primary (8)]
[Transport channel: DL-SCH (4)]
~ LTE Radio Resource Control (RRC) protocol
~ BCCH-DL-SCH-Message
~ message: ¢l (0)
= cl: systemInformationBlockTypel (1)
- systemInformationBlockTypel
- cellAccessRelatedInfo
« plmn-Identitylist: 1 item
~ Item @
* PLMN-IdentityInfo
« plmn-Identity
p mcc: 3 items
» mnc: 2 items
cellReservedForOperatorUse: notReserved (1)
trackingAreaCode: @007 [bit length 16, @00 @000 000@ 0111 decimal value 7]
cellldentity: ©19ba®1@ [bit length 28, 4 LSB pad bits, 0000 €091 1001 1011 1010 GEPe 801 .... decimal vi
cellBarred: notBarred (1)
intraFreqReselection: allowed (8)
vev. .0, csg-Indication: False
- cellSelectionInfo
g-RxLevMin: -13@dBm (-65)

iratar- 7

= schedulingInfolist: 1 item
= Item @
= SchedulingInfo
si-Periodicity: rf16 (1)
= sib-MappingInfo: 1 item
~ Item @
SIB-Type: sibTypel3-v928 (10)

systemInfovalueTag: © 54




Step43  MIB SIB(SIB2)

SIB2 TransportChannel BCCH
PCCH eMBMS MCH
SIB2 RadioFrame SubFrame

No. Time Source DestiProtocol Lengtt Info
3 8.445505 LTE RR. 60 Systeml
8.51489 AC-L © RAR (RA
5.0 821R78 LTE PR 26 BRCCANnart innRenlast
[Carrier Id: Primary (0)]
[Transport channel: DL-SCH (4)]
~ LTE Radio Resource Control (RRC) protocol
~ BCCH-DL-SCH-Message
~ message: c1 (0)
~ c¢1: systemInformation (0)
~ systemInformation
- criticalExtensions: systemInformation-r8 (©)
~ systemInformation-r8
~ sib-TypeAndInfo: 2 items
~ Item ©
I S <1b-TypeAndInfo item: sib2 (8)
v sib2
~ radioResourceConfigCommon
» rach-ConfigCommon
bceh-Config
pcch-Config
prach-Config
pdsch-ConfigCommon
pusch-ConfigCommon
pucch-ConfigCommon
soundingRS-UL-ConfigCommon: release (8)
uplinkPowerControlCommon
ul-CyclicPrefixLength: lenl (0)
» ue-TimersAndConstants
Infa
~ mbsfn-SubframeConfiglList: 1 item
~ Item ©
~ MBSFN-SubframeConfig
radioframeAllocationPeriod: ni (0)
radioframeAllocationOffset: ©
«~ subframeAllocation: oneFrame (0)
oneFrame: fc [bit length 6, 2 LSB pad bits, 1111 11.. decimal value 63]

AN

nformation

vyYwwwwww

-~ Item 1
» sib-TypeAndInfo item: sib13-v920 (11)




Step44  MIB SIB(SIB13)

SIB13 eMBMS SIB MCCH
RadioFrame SubFrame

Source Desti Protocol Lengtt Info
LTE RR.. 68 SystemInformation
n 0 R (RA-RNTI= S

3 9.445505 [
4 B8.51489 RA -RNTI=2, N=
E A BEFRTS LTF RR PR _RRCCannact innRannact
[Subframe: 9]
[RNTI: 65535]
[RNTI Type: SI-RNTI (4)]
[Length of frame; 41]
[CRC Status: OK (1)]
[Carrier Id: Primary (8)]
[Transport channel: DL-SCH (4)]
~ LTE Radio Resource Control (RRC) protocol
~ BCCH-DL-SCH-Message
- message: cl (8)
» cl: systemInformation (@)
+ systemInformation
-~ criticalExtensions: systemInformation-r@ (@)
~ systemInfermation-r8
» sib-TypeAndInfo: 2 items
= Item @
» sib-TypeAndInfo item: sib2 (@)

—in-mmmfn Ttem: s1b13-v920 (11)
» 51b13-v920

~ mbsTn-AreaInfolist-r9: 1 item
~ Item @
- MBSFN-AreaInfo-r9
mbstn-Areald-r9: 1
non-MBSFNregionLength: s2 (1)
notificationIndicator-r9: @
= mcch-Config-r9
mech-RepetitionPeriod-r9: rfed (1)
mcch-0ffset-r9: @
mcch-ModificationPeriod-r8: rf512 (@)
sf-AllocInfo-r8: 88 [bit length 6, 2 LSB pad bits, 1060 @8.. decimal value 32]
5ignallingMCS-r9: n2 (8)
= TIULLT J.ﬂ.l.J.UIILUIII L4 =T
notificationRepetitionCoeff-r9: n2 (@)
notificationOffset-r9: @
notificationSF-Index-r9: 1
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Step51 MCH(

MBMS-GW echo 1234567890| socat-u -
UDP-DATAGRAM:2392551.1:3456
UE Wireshark MCH

ho. Time Source DestiProtocol Length Info
569 64.570143 MAC-LTE 552 UL-5CH: (SFN=1@8 , 5F=8) UEId=e (Short BSR) (Padding:remalnder)
570 64.681418 MAC-LTE 552 UL-SCH: (SFN=112 , SF=8) UEId=0 (Short BSR) (Power Headroom Report) (Padding:..
571 64.799179 MAC-LTE 552 UL-SCH: (SFN=116 , SF=8) UEId=8 (Short BSR) (Padding:remainder)
572 64.920445 MAC-LTE 552 UL-5CH: (SFN=128 , 5F=8) UEId=8 (Short B5R) (Power Headroom Report) (Padding:..
573 65.848792 z il i z Z i i T i i
575 65.2083826 MAC-LTE 2500 MCH: (1:42 bytes) (Padding:remainder)
576 65.210659 o . c . A, — - — = .
577 65.339556 MAC-LTE 552 UL-SCH: (SFN=132 , SF=8) UEId=@ (Short BSR) (Padding:remainder)
578 65.483492 MAC-LTE 552 UL-SCH: (SFN=136 , SF=8) UEId=@ (Short BSR) (Power Headroom Report) (Padding:..
579 65.612380 MAC-LTE 552 UL-SCH: (SFN=140 , SF=8) UEId=@ (Short BSR) (Padding:remainder)
580 65.735822 MAC-LTE 552 UL-SCH: (SFN=144 , 5F=8) UEId=@ (Short BSR) (Power Headroom Report) (Padding:..
581 65.850530 MAC-LTE 552 UL-SCH: (SFN=148 , SF=8) UEId=@ (Short BSR) (Padding:remainder)
582 65.950505 MAC-LTE 552 UL-5CH: (SFN=152 , 5F=8B) UEId=@ (Short BSR) (Power Headroom Report) (Padding:.
583 66.958221 MAC-LTE 552 UL-SCH: (SFN=156 , SF=B) UEId=@ (Short BSR) (Padding:remainder)
584 66.189710 MAC-LTE 552 UL-SCH: (SFN=168 , 5F=8) UEId=0 (Short BSR) (Power Headroom Report) (Padding:..
585 66.317468 MAC-LTE 552 UL-SCH: (SFN=164 , SF=8) UEId=8 (Short BSR) (Padding:remainder)
586 66.430367 MAC-LTE 552 UL-5CH: (SFN=168 , 5F=8) UEId=8 (Short B5R) (Power Headroom Report) (Padding:..
587 66.541693 MAC-LTE 552 UL-SCH: (SFN=172 , 5F=8) UEId=8 (Short BSR) (Padding:remainder)
588 66.651990 MAC-LTE 552 UL-SCH: (SFN=176 , SF=B) UEId=0 (Short B5R) (Power Headroom Report) (Padding:..
589 66.783049 MAC-LTE 552 UL-SCH: (SFN=188 , SF=8) UEId=@ (Short BSR) (Padding:remainder)
500 66.888890 MAC-LTE 552 UL-SCH: (SFN=184 , 5F=8) UEId=@ (Short BSR) (Power Headroom Report) (Padding:..
591 66.990750 MAC-LTE 552 UL-SCH: (SFN=188 , SF=B) UEId=@ (Short BSR) (Padding:remainder)
592 67.103797 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
593 67.112739 MAC-LTE 552 UL-SCH: (SFN=192 , SF=8) UEId=@ (Short BSR) (Power Headroom Report) (Padding:..
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Stepb?2 MCH(MCCH)

Logical Channel MCCH MTCH
MCH MTCH

No. Time Source Desti Protocol Lengt}‘ Info

574 65.199664 - (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remalnder)
65. 203826 MAC-L L ; ”‘H' [1:4 bytes) (Padding:remainder)

576 65.210659 MAC-LTE 552 UL-SCH: (SFN=128 , SF=8) UEId=8 (Short BSR) (Power Headroom Report) (Padding:..

577 65.339556 MAC-LTE 552 UL-SCH: (SFN=132 , 5F=8) UEId=8 (Short BSR) (Padding:remainder)

v Frame 574: 296 bytes on wire (2368 bits), 296 bytes captured (2368 bits) on interface /tmp/ue.pcap.pipe, id @
DLT: 147, Payload: mac-lte-framed (mac-lte-framed)
= MAC-LTE MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
= [Context (RNTI=65533)]
[Radio Type: FOD (1)]
[Direction: Downlink (1)]
[System Frame Number: 128)]
[Subframe: 2]
[RNTI: 65533]
[RNTI Type: M-RNTI (6)]
[Length of frame: 277]
[CRC Status: 0K (1)]
[Carrier Id: Primary (@)]
= MAC PDU Header (MCH Scheduling Information:2) (MCCH:16) (Padding:remainder) (3 subheaders)
b Sub-header (lcid=MCH Scheduling Information, length=2)
b Sub-header (lcid=MCCH, length=16)

aa inder)
MCH Scheduling Information
BEea 1... = LCID: 1 (6xe1)

ft2eB8B03000R0EREBRE

Padding data BBHEHEBBBEBBBEEBBHBH@BB&EGEEEBEGBBBBBBHBH@BBEEGE
[Padding length: 254]
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Step53 MCH(MTCH)

Logical Channel
MTCH SDU 00 80 00 Header
UDP/IP

No. Time Source Desti Protocol Length Info
574 65.199664 MAC-LTE 296 HCH (MCH Scheduling Informaticn:2 bytes) (MCCH:16 bytes) (Padding:remailnder)

E?ﬁ |'= “ﬂwu’F - 500 . Ll 42 bytes) (Padding:remainder)

106 (SFN=128 , SF=8) UEId=8® (Short BSR) (Power Headroom Report) |
5?? 65 338556 Hhﬂ LTE 552 UL- SEH‘ (SFN=132 , 5F=B) UEId=8@ (Short BSR) (Padding:remainder)

v Frame 575: 2588 bytes on wire (20880 bits), 2500 bytes captured (20000 bits) on interface /tmp/ue.pcap.pipe, id 0
DLT: 147, Payload: mac-lte-framed (mac-lte-framed)
~ MAC-LTE MCH: (1:42 bytes) (Padding:remainder)
» [Context (RNTI=65533)]
[Radioc Type: FDD (1)]
[Direction: Downlink (1)]
[System Frame Number: 128]
[Subframe: 3]
[RNTI: 65533]
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1}]
[Carrier Id: Primary (8)]
- MAC PDU Header (1:42) (Padding:remainder) (2 subheaders)
¢ Sub-header (lcid=1, length=42)
b Sub- header {lcid Padding; length 15 remalnder}

k Padding data EGBDGEQGBQEEBBBGQBBﬁaaﬂﬁDﬁﬁaﬂaGEEBBGEEBB&BEGBBGGm
[Padding length: 2436)

lchlol chg: Tl S - R L0 B0 00 45 80 B8 27 ca
[lojeloly B0 81 11 10 d5 ac 10 08 fe ef ff 01 61 cb
[lokioly B0 80 13 74 d4 31 32 33 34 35 36 37 38 39 36
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Step54 MCH(

MBMS-GW dd if=/dev/zero bs=1M
count=10 | socat-u - UDP-DATAGRAM:2392551.1:3456
10MB UE UE Wireshark
MCH

1i_\ 128 14.661538 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
129 14.664706 MAC-LTE 25808 MCH: (Padding) (1:remainder)
138 14.668075 MAC-LTE 2500 MCH: (Padding) (1:remainder)
131 14.670948 MAC-LTE 552 UL-SCH: (SFN=512 , SF=8) UEId=@ (Short BSR) (Padding:remainder)
132 14.676859 MAC-LTE 2580 MCH: (Padding) (1:remainder)
133 14.680028 MAC-LTE 2580 MCH: (Padding) (1:remainder)
134 14.685688 MAC-LTE 2580 MCH: (Padding) (1:remainder)
135 14.694806 MAC-LTE 2500 MCH: (Padding) (1:remainder)
136 14.697637 MAC-LTE 2588 MCH: (Padding) (1:remainder)
137 14.700616 MAC-LTE 2588 MCH: (Padding) (1:remainder)
138 14.789482 MAC-LTE 2580 MCH: (Padding) (1:remainder)
139 14.712142 MAC-LTE 2500 MCH: (Padding) (1:remainder)
148 14.714948 MAC-LTE 2560 MCH: (Padding) (1:remainder)
141 14.723613 MAC-LTE 2580 MCH: (Padding) (1:remainder)
142 14.7265821 MAC-LTE 2500 MCH: (Padding) (1:remainder)
143 14.729388 MAC-LTE 2580 MCH: (Padding) (1:remainder)
144 14.737641 MAC-LTE 2500 MCH: (Padding) (1:remainder)
145 14.741338 MAC-LTE 2580 MCH: (Padding) (1:remainder)
146 14.744028 MAC-LTE 2580 MCH: (Padding) (1:remainder)
147 14.752553 MAC-LTE 2580 MCH: (Padding) (1:remainder)
148 14.756123 MAC-LTE 2580 MCH: (Padding) (1:remainder)
149 14.758805 MAC-LTE 2580 MCH: (Padding) (1:remainder)
158 14.769362 MAC-LTE 2580 MCH: (Padding) (1:remainder)

151 14.772230 MAC-LTE 2500 MCH: (Padding) (1:remainder)



Step55 MCH( -MCCH)

MCCH MCH

MCH
MCH MCCH

MCH 384
MTCH

s) (MCCH:16 bytes) (Padding:remalinder)

128 14, EF1‘3ﬂ 296 MCH: (MCH Scheduling Information:2 bytes)
129 14.664 MAC-L 2588 MCH: (Padding) (1:remalnder)
MAC-LTE 2580 MCH: (Padding) (1:remainder)

130 14.668075
(Short BSR) (Padding:remainder)

131 14.670548 MAC-LTE 552 UL-5CH: (5FN=512 , 5F=8) UEId=8
132 14.6T6B59 MAC-LTE 2500 MCH: (Padding) (1:remainder)

Frame 128: 296 bytes on wire (2368 bits), 296 bytes captured (2368 bits) on interface /tmp/ue.pcap.pipe, id 8

DLT: 147, Payload: mac-lte-framed (mac-lte-framed)
MAC-LTE MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)

» [Context (RNTI=65533)]
» MAC PDU Header (MCH Scheduling Information:2) (MCCH:16) (Padding:remainder) (3 subheaders)

= MCH Schadullng InfDrrlat.lﬂl'l

EHDG = Jrup MICH: 3

ce.. 081 18008 CH: =89
EDU (HECH 1ength 16 bytes} BBBBEfEBEEBZBEEEEBBGEBBBEEE&BEEE

[Paddlng length 254]
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Step56 MCH( -MTCH)

MCH Logical Channel
MTCH
Padding MCH MTU 2479bytes

No. Time Source Desti Protocol Length Info
128 14.661538 MAC-LTE 296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remalnder)

129 14.664 /06 - 2588 MCH: (Padding) (1:remailmder )
1306 14.6686 AC-L 2508 MCH: (Padding) (1:remainder)
131 14.670948 MAC-LTE 552 UL-5CH: (SFN=512 , 5F=8) UEId=8 (5hort B5R) (Padding:remainder)
132 14.676859 MAC-LTE 2568 MCH: (Padding) (1:remainder)

v Frame 129: 2588 bytes on wire (20800 bits), 2500 bytes captured (20000 bits) on interface /tmp/ue.pcap.pipe, 1id 0@
DLT: 147, Payload: mac-lte-framed (mac-lte-framed)

= MAC-LTE MCH: (Padding) (1:remainder)

» [Context (RNTI=65533)]
MAC DOl Heads adding :remainder) (2 subheaders)

SDU (1, length=2479 bytes): 685dedBE00458805dcebbb200081110a97acibeefeeffral.

=] 8 BB B0 45
008 FENEE 1 f8a 97 ac 18 08 fe ef
[lekls B0 80 20 88 Tc sl8 [aTt]
|8o4ac  [HE e 08 =18 AT
BOSE [T B0 BE GO BE 3 B

BOGE t B A A B G sl
BOTE  [HEEl B0 B8 ale B8 08 B
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Step6l

EPC

S iperf3 -c 172.16.0.1 -t 100

eMBMS

Iperf3 -s
Iperf3 -c 17216.0.1 -t 100-1 5 --bidir
Downlink

iperf3 Server

Connecting to host 172.16.0.1, port 5201

(
[

B] local 172.16.6.3 port 41666 connected
7] local 172.16.0.3 port 41668 connected

[ ID]J[Role] Interval

[
[
(
[
[
[
[
[

5][TX-C]
71 [RX-C]
5J[TX-C]
71[RX-C]
5]1[TX-C]
71[RX-C]
5][TX-C]
7]1[RX-C]

0.
0.
.00-10.
.00-10.
00-15.
00-15.
00-20.
00-20.

5
5

10.
10.
15.
15.

00-5.00
00-5.00

00
00
00
00
00
00

sec
sec
sec
sec
- { o
sec
sec
sec

Transfer

2.39

547
1.49
1.81
1.49
1.90
2.11
1.80

MBytes
KBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes

-1 5

--bidir

(Iperf)

UE
Uplink

to 172.16.0.1 port 5201
to 172.16.0.1 port 5201
Bitrate

4.01
897
.50
.03
.50
.18
.54
.02

Mbits/sec
Kbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

Retr

0

15

0

66

Cwnd
153 KBytes

97.6 KBytes
160 KBytes

133 KBytes
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Step62 eMBMS ( )

MBMS-GW dd if=/dev/zero bs=lM count=2000 |
socat-u - UDP-DATAGRAM :2392551.1:3456
2GB eMBMS
iperf
30 eMBMS

:~% dd if=/dev/zero bs=1M count=2000 | socat -u - UDP-DATAGRAM:239.
255.1.1:3456
2000+0 records in

2000+0 records out

2097152000 bytes iE-l GB, 2.0 GiB) copied, 29.8045 s, 72.3 MB/s
i~5
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Step63

30sec

5][TX-C]
71[RX-C]
5][TX-C]
7]1[RX-C]
5]1[TX-C]
7]1[RX-C]
5]1[TX-C]
71[RX-C]
5][TX-C]
7]1[RX-C]
5](TX-C]
71[RX-C]
5][TX-C]
71[RX-C]
5][TX-C]
7]1[RX-C]
5][TX-C]
71[RX-C]
5][TX-C]
7]1[RX-C]
5][TX-C]
71[RX-C]
5][TX-C]
71[RX-C]
5][TX-C]
71[RX-C]
5][TX-C]
71[RX-C]

1.
1.
1.
1.
2.
1.
1.
1,
2.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes

WINNWWNNNNNNNNNNNNNMEWWNWWWRWLNWUN

eMBMS

6

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

Osec
MCH

eMBMS

Downlink  Uplink

KBytes
KBytes
KBytes
KBytes
KBytes
6 KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes

6 KBytes

PHY

eMBMS

Time

Avg. Downlink

Avg. Uplink

5-30

2.868Mbps

3.022Mbps

30-60

2.457Mbps

2.312Mbps

60-75

3.087Mbps

2.953Mbps
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Stage 3 Check List
I

Named Pipe
UE MAC PDU
Named Pipe
Wireshark

MIB
SIB

MCH
MCCH

MTCH

Named Pipe UE
MAC PDU

UE MAC PDU
Named Pipe

DLT=147 maclte-framed

MIB
SIB1 SIB2 SIB13

MCH

MCH Logical
Channel MCCH

eMBMS Multicast
MTCH
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Outline

AStage 4. Physical Layer
o Stepl Radio Frame
o Step2 MCH
o Step3 MCH
o Step4 MCH SF
o Step5 MCCH
o Step6 MCCH
o Step7 MCCH SF
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Stepll Radio Frame (

[etc/srslte/silconf.mbsfn
sib2 mbsfnSubframeConfigList  sibl3

sib13 =

{
mbsfn_notification_config =

{

mbsfn_notification_repetition_coeff = "
) ) mbsfn_notification_offset = 0;
mbsfnSubframeConfiglist = mbsfn_notification_sf_index = 1;
};
radioframeAllocationPeriod s mbsfn_area_info_list_size = 1;
subframeAllocationNumFrames = 1;

mbsfn_area_info_list =

radioframeAllocationOffset = 0; { . e aa
non_mbsfn_region_length = "s2";

subframeAllocation = 63; mcch_repetition_period = "rf64";
mcch_modification_period = "rf512";
signalling_mcs = "n2";
mbsfn_area id = 1;
notification_indicator
mcch _offset = 0;
sf_alloc_info = 32;
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Stepl?2 Radio Frame (MCCH)

Wireshark  UE MAC PDU
MCCH 64 RadioFrame (SFNmod 64 =0)
SubFrame  SubFrame®(Wireshark Sulb
Frame 1 )

- [Context (RNTI=65533)] » [Context (RNTI=65533)]

[Radio Type: FDD (1)] [Radio Type: FDD (1)]
L - r ,

[System Frame Number: 192] [System Frame Number: 256]
[Subframe: 2] [Subframe: 2]

. J] : 33 |
[RNTI Type: M-RNTI (6)] [RNTI Type: M-RNTI (6)]
[Length of frame: 277] [Length of frame: 277]
[CRC Status: OK (1)] [CRC Status: OK (1)]

[Carrier Id: Primary (©)] [Carrier Id: Primary (©8)]



Stepl3 Radio Frame (MTCH)

MBMS-GW dd if=/dev/zero bs=IM count=10 |
socat-u - UDP-DATAGRAM :2392551.1:3456 MCTH
Wireshark  UE MAC PDU
MTCH Radio Frame (SFN mod 1 =0)
SubFrame #2 #3 #4 #/ #8 #9

~ MAC-LTE MCH: (Padding) (1:remainder) - MAC-LTE MCH: (Padding) (1:remainder) ~ MAC-LTE MCH: (Padding) (1:remainder)
~ [Context (RNTI=65533)] ~ [Context (RNTI=65533)] » [Context (RNTI=65533)]
[Radio Type: FDD (1)] [Radic Type: FOD (1)] [Radio Type: FDD (1)]

[System Frame Number: 129] System Frame Number: 129)] System Frame Number: 129]
[Subframe: 2] Subframe: 3] Subframe: 4]

[RNTI Type: M-RNTT (6)] [RNTI Type: M-RNTT (6)]
[Length of frame: 2Z481] [Length of frame: 2481]
[CRC Status: OK (1}] [CRC Status: OK (1)]
[Carrier Id: Primary (8)] [Carrier Id: Primary (©8)]

[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (0)]

~ MAC-LTE MCH: (Padding) (1:remainder)
~ [Context (RNTI=65533))
[Radioc Type: FDD (1)]

~ MAC-LTE MCH: (Padding) (1:remainder)
-~ [Context (RNTI=65533)]
[Radic Type: FOD (1)]

~ MAC-LTE MCH: (Padding) (1:remainder)
~ [Context (RNTI=65533)]
[Radic Type: FDD (1)]

[System Frame Number: 129)]
[Subframe: 7]

. EEY|
[RNTI Type: M-RNTI (6)]
[Length of frame: Z2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (©)]

[System Frame Number: 129]
Subframe: 8]

: 34
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (©)]

[System Frame Number: 129
[Subframe: 9]

PL. Waaad |
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (©@)]
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Step14 Radio Frame ( )

MBMS-GW pv -L 1M -r /dev/zero| socat-u -
UDP-DATAGRAM:2392551.1:3456 /dev/zero
1MB/sec@8Mbps) eMBMS

=S pv -L 1M -r fdev/zero socat -u - UDP-DATAGRAM:239.255.1.1:345
6

[l1.00MiB/s]




Step15 Radio Frame ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
MBMS-GW eMBMS
Ctrl-C

441KB/sec(352&Dbps)

:~§ socat -u UDP-RECV:3456,01n0=239.255.1.1,1p-add-menbership=

239.255.1.1:tun srsue - | pv -a -t
fJ:01:00 [ 411KiB/s]
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Step21 MCH (

eNB sudo vim /etc/srslte/silwonf.mbsfn
sinz  mbsfnSubframeConfigList
radioframeAllocationPeriod 1 8
eNB UE

mbsfnSubframeConfiglList =

radioframeAllocationPeriod = sf
subtrameAlLlLoCcationNuUmFrames 1;
radioframeAllocationOffset
subframeAllocation = 63;

)

SIB
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Step22 MCH

Wireshark UE MAC

RadioFrame

= [Context (RNTI=65533)]
[Eqdin Type: FDD {1}]

[System Frame Number: 416]
Subframe: 2]

. BD233 ]
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (8)]

P T T

PDU MCH

Radio Frame

« [Context (RNTI=65533)]
[Radio Type: FDD (1)]

[System Frame Number: 424]
Subframe: 2]

: |
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (@)]
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Step23 MCH ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
MBMS-GW eMBMS
Ctrl-C

radioframeAllocationPeriod 1 8
41.2KB/sec(329.6Kbps) 0.093

.§ socat - UDP-RECV:3456,bina=239.255.1.1,1p-add-nemberships
139.255.1.1itun srsue - | pv - -t

M:1:00 [41.2i8/s]
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Step31 MCH ( )

eNB sudo vim /etc/srslte/silwonf.mbsfn SIB
sinz  mbsfnSubframeConfigList
radioframeAllocationPeriod 1 8
radioframeAllocationOffset O 3
eNB UE

mbsfnSubframeConfiglList =

radioframeAllocationPeriod
subframeAllocationNumFrames
radioframeAllocationOffset
subtrameAllocation = 63;
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Step32 MCH

Wireshark UE MAC

Radio Frame

(

PDU MCH

Radio Frame

SFNmod8 =0

MCH SFNmod8=3

= [Context (RNTI=65533)]
[Radio Type: FDD (1)]
Direction: Downlink (1
[System Frame Number: 683 ]
[Subframe: 2]

[RNTI Type: H-RNTI (6)]
[Length of frame: 2481]
[CRC Status: 0K (1)]
[Carrier Id: Primary (©8)]

= [Context (RNTI=65533)]
[Radio Type: FOD (1)]

[System Frame Number: 691 ]

Subframe; 2]

: J
[RNTI Type: M-RNTI (6)]
[Length of frame: 2481]
[CRC Status: OK (1)]
[Carrier Id: Primary (©)]

77



Step33 MCH ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
Ctrl-C

radioframeAllocationOffset O 3
42.4KB/sec(339.2Kbps) 0.096
radioframeAllocationPeriod

:+§ socat -u UDP-RECV:3456,bind=239.255.1.1,1p-ada-membership=
239.255.1.1:tun_Srsue - | pv -2 -t

B:01:00 [42.4iB/s]
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Step41l MCH SF ( )

eNB sudo vim /etc/srslte/sitconf.mbsfn SIB
sinz  mbsfnSubframeConfigList

subframeAllocation 63 18(0b01001Q
eNB UE

mbsfnSubframeConfiglList =

radioframeAllocationPeriod =
subframeAllocationNumFrames
radioframeAllocationOffset
subframeAllocation = 1BB
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Step42 MCH SF ( )

Wireshark UE MAC PDU
SubFrame#2 #3 #4 #7 #8 #9 MCH

SubFrame#3 #8 Ob010010
~ [Context (RNTI=65533)) ' ~ [Context (RNTI=65533)]
[Radio Type: FDD (1)) [Radio Type: FDD (1)]
System Frame Number: 385] System Frame Number: 383]
Subframe: 3] Subframe: 8]
P 0 : |
[RNTI Type: M-RNTI (6)] [RNTI Type: M-RNTI (6)]
[Length of frame: 2481] [Length of frame: 2481]
[CRC Status: 0K (1)] [CRC Status: OK (1)]
[Carrier Id: Primary (0)] [Carrier Id: Primary (@)]
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Step43 MCH SF ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
Ctrl-C

subframeAllocation 63 18
118K B/sec (944Kbps) 0.2676 Sub
Frame 1/3

;5 socat -u UDP-RECV:3456, bind=239,255.1.1, 1p-a00-nener ships

139,255, 1.1:tun _srsue - | pv -2 -t
0:01:08 [ 118Ki8/s]
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Step51 MCCH

eNB
sibl3
rf128 sib2

mbsfnSubframeConfigList =

radioframeAllocationPeriod =
subframeAllocationNumFrames
radioframeAllocationOffset
subframeAllocation = 635

sudo vim

()

[etc/srsite/siltonf.mbsfn SIB
mcch_repetition_period rf64

eNB UE

sib13 =
{
mbsfn_notification_config =
{
mbsfn_notification_repetition_coeff
mbsfn_notification_offset = 0;
mbsfn_notification_sf_index = 1;

};
mbsfn_area_info_list _size = 1;
mbsfn_area_info_list =

{

nnn _mhefn rn:\inn 1nnl;|fh - "c')":
mcch repetition period = "rf128":
mcch_modification_period = "rf512";
signalling_mcs = "n2";
mbsfn_area_id = 1;
notification_indicator

mcch_offset = 0;

sf_alloc_info = 32;
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Step52 MCCH

Wireshark
Radio Frame
128 RadioFrame

UE MAC

- [Context (RNTI=65533)]
[Radio Type: FDD (1)]
Direction: Downlink (1
System Frame Number: 256]
subframe: 2]
[RNTL. 65533 ]
[RNTI Type: M-RNTI (6)]
[Length of frame: 277]
[CRC Status: OK (1)]
[Carrier Id: Primary (©)]

PDU
MCCH

[Context (RNTI=65533)]

[Radio Type: FDD (1)]
Direction: Downlink (1
System Frame Number: 384
subframe: 2]

[RNTL: 65533]

[RNTL Type: M-RNTI (6)]
[Length of frame: 277]
[CRC Status: 0K (1)]
[Carrier Id: Primary (©)]

64
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Step53 MCCH ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
Ctrl-C

mcch_repetition_period rf64 rf128
220KB/sec (176Kbps) 0.499
MCCH

1+ socat -y UDP-RECV: 3456, bing=239.255. 1.1, 1p-ada-menberships
139,285, 1.13un srste - | pv -3 -t

0101:00 [ 2085
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Step6l MCCH ( )

eNB sudo vim /etc/srslte/sitconf.mbsfn SIB
sinz  mbsfnSubframeConfigList

radioframeAllocationOffset 0O 3 sibl3

mcch_offset O 3
eNB UE sib13 -

{

mbsfn_notification_config =

{

mbsfn_notification_repetition_coeff
mbsfn_notification_offset = 0;
mbsfn_notification_sf_index = 1;

mbsfnSubframeConfigList =
};

mbsfn_area_info_list_size = 1;
mbsfn_area_info_list =

{

radioframeAllocationPeriod = 1;
subframeAllocationNumFrames = 1:

radioframeAllocationOffset = 3H
subframeAllocation = 63;

non_mbsfn_region_ length = "s2";
mcch_repetition period = "rf64";
mcch_modification_period = "rf512";
signalling mcs = "n2";
mbsfn_area_id = 1;

notification indicator

mcch_offset = 3;j]

st_alloc_info = 32;
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Step62 MCCH ( )

Wireshark UE MAC PDU
SFNmod64=0 MCCH SFN mod 64=3
- [Context (RNTI=65533)] » [Context (RNTI=65533)]
Radio Type: FDD (1)] [Radio Type: FDD (1)]

Direction: Downlink (1
System Frame Number: 193]
Subframe: 2]

Direction: Downlink
System Frame Number: 259]
Subframe: 2

: [ . 65533
[RNTI Type: M-RNTI (6)] [RNTI Type: M-RNTI (6)]
[Length of frame: 277)] [Length of Trame: 277]

[CRC Status: OK (1)]

[CRC Status: OK (1)]
[Carrier Id: Primary (©)]

[Carrier Id: Primary (@)]
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Step63 MCCH ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
Ctrl-C

MCCH 3 OB/sec
MCCH MCH
SFNmodl1l =3 RadioFrame MTCH

+§ socat -u UDP-RECV:3456,01n0=239.255.1.1,1p-add-nenbership=

239.255.1.1:tun srsue - | pv -a -t
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Step#1 MCCH SF ( )

eNB sudo vim /etc/srslte/sitconf.mbsfn SIB
sibl3 sf alloc_info 32 63
eNB UE

sib13 =
{
mbsfn_notification_config =
{
mbsfn_notification_repetition_coeff = '
mbsfn_notification_offset = 0;
mbsfnSubframeConfiglList = mbsfn_notification_sf_index = 1;
};
radioframeAllocationPeriod : mbsfn_area_info_list_size = 1;
subframeAllocationNumFrames - mbsfn_area_info_list =
radioframeAllocationOffset oA {

subframeAllocation = 63; non_mbsfn_region_length = "s2";
mcch_repetition_period = "rf64";

mcch_modification_period = "rf512";
signalling mcs = "n2";
mbsfn_area id = 1;
notification_1indicator

mcch offset = 0

sf_alloc_info = 63;




Step /2 MCCH SF

Wireshark

SubFrame #2 MCCH

#2 #3 #4 #/

53 3.
54 3.
55 4,
56 4,

48 3.
49 3.,
58 3.
51 3.
52 3.

959940
962636
965560
968131
974455
977418
979934
281723
381233

57 4,494599

58 4,
59 4,
68 5.
61 5.

818233
930223
036364
139814

UE MAC

#3 #9

296 MCH:
296 MCH:

296 MCH:

552 UL-5SCH:
552 UL-5CH:
552 UL-SCH:
552 UL-SCH:
552 UL-5CH:
552 UL-5CH:

{SFN—ZHH
(SFN=204
(SFN=208
(SFN=212
(SFN=216
(SFN=220

(SFN=192 ,

5F=8)

UEId=@

UEId 9
UEId=8
UEId=8
UEId=8
UEId=8
UEId=8

PDU

(MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
(MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
552 UL-SCH:
296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
296 MCH: (MCH Scheduling Information:2 bytes) (MCCH:16 bytes) (Padding:remainder)
[HCH Schedulln* Infnrmatlﬁn 2 b tes} [HECH 15 b tes

(Short

(5hurt
(Short
(Short
(Short
(Short
(Short

SubFrame

BSR) (Padding:remainder)

fPadd1n- rena1nder}

BER} (Padding: remalnﬂer]
BSR) (Power Headroom Report) (Padding:.
BSR) (Padding:remainder)
BSR) (Power Headroom Report) (Padding:.
BSR) (Padding:remainder)
BSR) (Power Headroom Report) (Padding:..
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Step 3 MCCH SF ( )

UE socat -u UDP-RECV.3456bind=239.2551.1,
Ip-addmembership2392551.1:tun_srsue- | pv -a -t
Ctrl-C

sf alloc_info 32 63
41K B/secB32Kbps) 0.941
MCCH SubFrame

5 socat U UDP-RECV: 3456, bina=239.255. 1.1, 1p-add-nenerships

39,255, 1.1:tun _Srsue - | pv -2 -t
§.01:00 | 413K18/s)

90



Stage 4 Check List
I

Radio Frame MCH MCCH

MTCH

MCH MCH UE
MAC PDU Throughput

MCH MCH UE
MAC PDU Throughput

MCH SF MCH SF UE
MAC PDU Throughput

MCCH MCCH
UE MAC PDU Throughput

MCCH MCCH UE
MAC PDU Throughput

MCCH SF MCCH SF UE

MAC PDU Throughput
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AStage 5. eMBMS
0 Stepl SIB
0 Step2 FFmpeg
o Step3 FFplay

Outline
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Stepl SIB

SIB
sib2 sibl3

sib13 =

{
mbsfn_notification_config =

{

mbsfn_notification_repetition_coeff
) ) mbsfn_notification_offset = 0;
mbsfnSubframeConfiglList = mbsfn_notification sf_ index = 1;
{ }s

radioframeAllocationPeriod - mbsfn_area_infO_lf.st_size = 1;

subframeAllocationNumFrames mbsfn_area_info_list =

radioframeAllocationOffset { . e aa
non_mbsfn_region_length = "s2";

subframeAllocation = 63; mcch_repetition_period = "rf64";
mcch_modification_period = "rf512";
signalling_mcs = "n2";
mbsfn_area id = 1;
notification_indicator = 0;
mcch _offset = 0;
sf_alloc_info = 32;




Step2 FFmpeg

MBMS-GW
MBMS-GW ffmpeg -re
-1 Oy our _ v i-dedeclidx26lt @r@set ultrafast -tune
zerolatency-f mpegts -b:v 1M udp//239.2551.1:1234

oOyour video filebo
Are: ffmpeg FPS
A
A-vcodeclibx264 :
libx264 libx264 preset tune
A-f mpegts: MPEG TransporiStream
A-b:v IM bitrate  1Mbit/s

Audp//2392551.1:1234: MulticastGroup
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FFmpeg Multicast

[1ibx264 @ Ox5633
[libx264 @ 0x56 400] using cpu capabilities: MMX2 SSE2 SSE3 Cache64
| L1bx264 @ Ox5633e877a400] profile Constrained Baseline, level 4.0
Output #06, mpegts, to 'udp://239.255.1.1:1234";
Metadata:
WMFSDKNeeded : 0.0.0.0000
DeviceConformanceTemplate: MP@HL
WMFSDKVersion : 12.0.17763.592
IsVBR < |
VBR Peak : 22125023
Buffer Average : 87344
encoder : Lavf58.29.100
Stream #0:0(eng): Video: h264 (1ibx264), yuv420p(progressive), 1440x1080 [SA
R 133:100 DAR 133:75], gq=-1--1, 1000 kb/s, 29.97 fps, 96k tbn, 29.97 tbc
Metadata:
encoder : Lavc58.54.100 1ibx264
Side data:
cpb: bitrate max/min/avg: 0/0/1000000 buffer size: © vbv_delay:
Stream #0:1(eng): Audio: mp2, 44100 Hz, stereo, s16, 384 kb/s
Metadata:
encoder : Lavc58.54.100 mp2
frame= 1 fps=0.0 q=41.0 size= 19kB time=00:00:00.61 bitrate= 256.3kbits/
frame= 14 fps= 14 q=26.0 size= 73kB time=00:00:00.61 bitrate= 966.8kbits/
N speed= 0.6X

95



Step3 FFplay

UE socat UDPRECV:1234,bind=239.255.1.1;ip
addmembership=239.255.1.1:tun_srsudfplay -
MBMS-GW

:~$ socat -u UDP-RECV:1234,bind=239.255.1.1,1ip-add-membership=239.255.1.1:tun_srsue "exec:ff

play -"
ffplay version 4.2.2-1ubuntul Copyright (c) 2003-2019 the FFmpeg developers

built with gcc 9 (Ubuntu 9.3.0-3ubuntul)

configuration: --prefix=/usr --extra-version=1ubuntul --toolchain=hardened --libdir=/usr/lib/x86_64-11
nux-gnu --incdir=/usr/include/x86_64-1linux-gnu --arch=amd64 --enable-gpl --disable-stripping --enable-av
resample --disable-filter=resample --enable-avisynth --enable-gnutls --enable-ladspa --enable-libaom --e
nable-libass --enable-libbluray --enable-l1ibbs2b --enable-libcaca --enable-libcdio --enable-libcodec2 --
enable-1libflite --enable-libfontconfig --enable-libfreetype --enable-1ibfribidi --enable-1libgme --enable
-libgsm --enable-libjack --enable-libmp3lame --enable-libmysofa --enable-libopenjpeg --enable-libopenmpt
--enable-libopus --enable-libpulse --enable-librsvg --enable-librubberband --enable-libshine --enable-1
ibsnappy --enable-libsoxr --enable-libspeex --enable-libssh --enable-libtheora --enable-libtwolame --ena
ble-1ibvidstab --enable-libvorbis --enable-libvpx --enable-libwavpack --enable-libwebp --enable-1ibx265
--enable-1ibxml2 --enable-1libxvid --enable-libzmq --enable-1ibzvbi --enable-lv2 --enable-omx --enable-op
enal --enable-opencl --enable-opengl --enable-sdl2 --enable-1ibdc1394 --enable-libdrm --enable-libiec618
83 --enable-nvenc --enable-chromaprint --enable-frei@r --enable-1ibx264 --enable-shared

libavutil 56. 31.100 56. 31.100
58. 54.100
58. 29.100
58. 8.100

7. 57.100

4. 0. ©

S, .100

3. .100
55. .100

1ibavcodec I 58. 54.100
libavformat 58. 29.100
libavdevice 58. 8.100
libavfilter 7. 57.100

libavresample 4. 0. ©
libswscale 5. 5.100
libswresample 3. 5.100
libpostproc 55. 5.100

e e e )

0B f=0/0
Last message repeated 1 times

6B f=0/6
Last message repeated 1 times




FFplay -1

MPEGTS

Input #06, mpegts, from 'pipe:': OKB vq= OKB sq= 0B f=0/0
Duration: N/A, start: 24.862456, bitrate: N/A
Program 1
Metadata:
service_name : Serviceo1l
service_provider: FFmpeg
Stream #0:0[0x100]: Video: h264 (Constrained Baseline) ([27][@][@e][@e] / ©x001B), yuv420p(progressive
), 1440x1080 [SAR 133:100 DAR 133:75], 29.97 fps, 29.97 tbr, 90k tbn, 59.94 tbc
Stream #0:1[0x101](eng): Audio: mp2 ([3][0][0][06] / Ox0GO3), 44100 Hz, stereo, fltp, 384 kb/s
egts @ O6x7f1bb4 PES packet size mismatchsq= 0B f=0/0
= eB f=0/0

concealing 4208 DC, 4208 AC, 4208 MV errors in P frame
/0

concealing 5610 DC, 5610 AC, 5610 MV errors in P frame

concealing 5680 DC, 5080 AC, 5080 MV errors in P frame
B vq= 231KB sq= 6B f=0/0
Invalid NAL unit 8, skipping. 0B f=0/0

concealing 4877 DC, 4877 AC, 4877 MV errors in P frame
concealing 960 DC, 960 AC, 960 MV errors in P frame
116KB sq= 0B f=0/06

concealing 4271 DC, 4271 AC, 4271 MV errors in P frame
PES packet size mismatchsq= eB f=0/0
B vq= 246KB sqg= 0B f=0/0
=0/0

concealing 5510 DC, 5510 AC, 5510 MV errors in P frame
B 54.33 A-v: -0.009 fd= 319 aqg= 18KB vq= 64KB sq= @B f=0/0




Terminal

s/ -kernel ppa/matn
all.deb
con/-kernel-ppa/metn v ux
607111333 4_0ob
Jcon/-kerne a/meinline/va. 1,13/ Linux- Lmege-1.4.15-090415-
3 spL-get
tuda adduser §
w Yipert
"
L
Al =
Lk
1073 doy 3ll.dov itbcontiges dev libsctp do
bubdoad vhd host
_downloader , py
Xt » e 1 = "

Learn

dan

1gpUSER wireshark
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Stage 5 Check List
I

SIB SIB
FFmpeg FFmpeg Multicast

FFplay UE FFplay MBMS-GW

99



Outline

A

A

A

AStage 1.

AStage 2. eMBMS
AStage 3. eMBMS
AStage 4. Physical Layer
AStage 5. eMBMS

A
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A srsLTE eMBMS

A eMBMS
0 SGI_MB
0 M1
A UE MAC PDU eMBMS

0 Transport Channel MCH
0 Logical Channel MCCH MTCH
0 MIB SIB1 SIB2 SIB13

A SIB
A Multicast eMBMS



SIB SIB eMBMS
Throughput srsLTE ;

A SIB

A SIB Radio Frame SubFrame
A Throughput

A eMBMS Downlink  Uplink
A eMBMS Downlink  Uplink



