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Electronics THZ Photonics

Radio | Microwave . Infrared I"n"lsitxleI Ultraviolet , X-Ray , Gamma-Ray |
! ' mmWave|Terahertz Ll I L I 1
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= Laser : i3
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e Radiation Type W—W
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Native Intelligence in 6G
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Semantic Communications: background

1BV ES: Bat

®m Weaver defined three levels of communication problems: [1]

= Technical problem: How accurately can the symbols of
communication be transmitted ? (FE{%)

= Semantic problem: How prec1se1y do the transmitted symbols &’
convey the desired meaning? (i X))

= Effectiveness problem: How effectively does the received
meaning affect conduct in the desired way? (ZE)

W To reduce bandwidth usage and to
_ ' =' | improve comm. efficiency and to increase
g Q  reliability esp. at low SNR 55185

NLP (natural language processing): Mom says to daughter: “do your piano when
you feel like it.” -> “do your piano” or even “piano”; “do yuor piaxo whn yu feel like it”

Why now? - driven and empowered by native intelligence in 6G and “all
services” (e.g., metaverse)

[1] Weaver. “Recent Contributions to The Mathematical Theory of Communication”, 1949 1



Semantic Comm vs Traditional Comm

IBE(E vs (ERIEE
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Shannon Capacity

J. Bao et al., "Towards a theory of semantic communication,” 2011 IEEE Network Science Workshop, 2011, pp. 110-117
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Semantic Comm: technical approach

IBNiBE: RARRS%

m HL#%% 2] - ref. data-driven native Al in 6G

> ) y, - \ T

- e T 4
Semantic Channel — Channel Semantic
Encoder Encoder Decoder Decoder

Transmitter Receiver

s

[ Shared Common Knowledge ]

________

I

') Channel

. : Decoding(C;i !
Wireless | A )

Channel ! A 4 -
: Semantic E,S S
i Decoding(S, ') i

Semantic Transmitter Semantic Receiver




B FAXIRBEPERAIIRERGERTEGE(E

RKASAMIBIENANIRE, AT RIERFIEESSIIX AErREGIH I TRIEB
PRHEENSIREE, WIERERAFRENEFRER.

® KB Construction and Semantic Segmentation @ Attention-based Semantic Integration

Segments selection

Prompt encoder

Channel Attention Network 0 Spatial Attention Network

Human
prompt

Segments
integration

Image encoder l:l::l
Mask decoder
f"' —17 H } N Output based on i Channel Max and average NN
7 average pooling importanee-based pooling

Semantic segments N
SKB el ASI semantics

Orignal image

Semantic-aware
image

@ Channel Decoding and Semantic Decoding @ Semantic Adaptive Encoding and Channel Encoding

rom?t encoder

Channel

decoder encoder Semantic encoder

y
A Ll
gasenl 010

features Convolution net

Mask network 1

i

Masked semantic
features

'EHQ_:H

Mask matrix CNNs

Recovered image  Mask decoder Image encoder ’ A

SKB ASC

Jiang F, Peng Y, Dong L, et al. Large Al model-based semantic communications[J]. IEEE Wireless Communications, 2024,
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Server il &  Server
i Tesla nithlnlinin E‘ Tesla
() A100*4 () A100*4

Global :
Knowledge Voice
Synthesis
AN

Original :

: Rebuilt
Video Text \Zdle“o

=|>emantics Text Semantics
4 SC Encoder R SC Decoder

SC
[Encod |:>| ;f,:?::;;ﬂ]':>
— /)

NVIDIA jetson ' =

NVIDIA jetson

Jiang F, Dong L, Peng Y, et al. Large Al model empowered multimodal semantic communications[J]. IEEE
Communications Magazine, 2024. 16
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Start Camera Send

Raw Video Semantic Content

\. b

Computers have revolutionzed the way we
work and communicate, transforming various
aspects of our life through their advanced

capabilities,

Compression
Ratio: 38881:1

Timbre

Information

Duration Data Size

Capture Video:14.11s Audio: 1244204bytes
Semantic Extraction:22.64s § Content:140bytes

Encoding:3.26s Channel Encoding:32bytes

Process

Channel encode is completed.

SC Sender

Original Video

Recoverd Video

Face Image

capabilities.

Process

Jjiangfb@hunnu.edu.cn

Semantic Content

Jiang Feibo. Hunan Normal University,

Timbre

Information

Computers revolutionized
work and communication,
transforming multiple aspects
of life with advanced

Duration
Decoding: 3.12s

Rebuild: 117.46s

Video rebuild is completed. Autoplay immediately!

SC Receiver

Computers have
revolutionzed the way we
work and communicate,
transforming various
aspects of our life through
their advanced capabilities.

Text Transmitted

Rebuilt Video

17



IR B(ERFRIER IS HEN R
(RREHT)

Agent: each Agent is a Chain in Langchain (FB#EH%). It sends its input and prompts
to ChatGPT to get the results

Profile includes a set of parameters and rules, describing Agent’'s properties such as
roles, objectives, capacity, behaviors, etc.

Communication domain
Digital Twin
Immersive Communication

Generic utilities

e Bing Search
e File System Tools

Semantic Communication
Internet of Everything

OO«

Data Documents Papers

; (o] -

. - : .

Agent Profile

B g -

Al algorithms
e CNN
e RNN

¢ K-means

‘ ‘ o  Wireless Channel
* Knowledge Engineering Model
e Computer Vision . e Resource Scheduling
o Natural Language Processing Model
. SILES
Knowledge base Memory Tool

Jiang F, Peng Y, Dong L, et al. Large language model enhanced multi-agent systems for 6G communications[J]. IEEE
Wireless Communications, 2024.
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(B{SCIN)

To describe requests using natural language:

m “Please produce Python code that implements an SC model for text transmission.

m Additive Gaussian White Noise (AWGN) can serve as the physical channel.

m The bilingual evaluation understudy (BLEU) score is adopted as the metric that evaluates the SC model.
|

The generated SC achieves no less than a 0.6 BLEU score when the Signal-to-Noise Ratio (SNR) is 10dB.
The total number of model parameters does not exceed 2,000,000 for resource constraints of devices.”

1@

Feedback

Evalumon Refinement Reﬂe\.lon.
agent agent agent |
L J

TasL

Secure C 011dcnqatc Inference
chains

Planning

R ——

agent agelll‘ agent | airent

Domain knowledge extraction Scheme design Code implementation

Semantic encoder Channel encoder Semantic encoder Channel encoder Semantic encoder Channel encoder
« Definition Definition *  Architecture + Architecture e LSTM code + MLPF code + Code quality
« Function I + Function + Input and output I + Input and output o Feedforward Il +  Feedlorward « Objective lunction value
code code «  Penalty for constraint

violations
Channel decoder Physical channel Introspection

Channel decoder Physical channel

Channel decoder Physical channel

+ Definition «  Architecture » Architecture * MLP code * Channel code *  Syntax errors of codes
» Function +  Input and output ‘I + Input and output * Feedforward ‘Il’ Channel + Parameter adjustments of
code parameters modules

Semantic decoder Traming method

Semantic decoder Training method Semantic decoder Training method

BT " . . . s LSTM code + Data processing ic e Fende:
« Definition +« Deflimtion «  Architecture +  Loss function Feedforward I od I < " 1‘:031" LI::)I.V:j.OlLUdLS .
. , « Fee @ code
« [unction ”’- Function +  Input and output |I*- Optimizer . + Structural adjustments of
code + Back propagation modules
code

19



Evaluative score

18 ]B(E? ?%E’Jéx#ﬁﬁ?: BalZERk
( Ba

100
I Scheme 1

90 - Scheme 2 |
MLP

80 = =1 LST™M ..'... -..'-. [

70

60

50

40

30 —

20

2 3
Iterations of introspection

Measuring the source code generated
by GPT3.5

Two sets of generated source code
against iterations of introspection

0.80

0.75 — —

Cosine similarity

060 — o i

0.55
-5 0 5 10 15
SNR (dB)
m Scheme 2 is selected here as it has

the best performance

m To use the generated SC to transmit
text and then to compare the received
text against the original text using
Cosine similarity

20
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FANAARFZEERTA? What is DTN?

B HFTEEAERTREFEE Digital Twin is a buzzword everywhere!

HEfT

KR L i pidd

HE  AiRHBE U 7Kl

G bt 28°C

%;E:HSEJ?W'K e » VR/XR
Visualization O e
DT, (1) ={e, (1).6, ()}, Vk e kL o a0 =

. \ . - .‘ ; gt L] m;

Difference from real entity e e P
AIPRIFEZE KR ERE RS R MLE

New variables Knowledge Graph Deep Neural Netwc2)3rk




HFZENELE (Digital Twin Network: DTN)

U N N N N N R N N N NN NN NN N N N SN SN SN SN SN S I
1 I
1
PR b "i‘x -
Appof DTN ' RRFE ]
. I S |
: DNN GAN DNN :
BFEE | < o 2 |
WEOTN | N/ R/ &7 1 |ES/EE
! © A ° ! Manage
: Auto-encoder Auto-decoder :
A g s
FeemE_————————rremmm—————m——— |
s g I I
WEERERS | o = le—
Physical | ke bEs I
Networks ‘=== =======sssmsmsmssmm———— -

1ZDTNAZEXI R TTAI—XI—RRES, MR4FEREN

BT iZDTNREEENSLNN BRI SR NIz, (TR XEARETHENSERH
totr, MEELEIRTK) | AMmEEEEFEFHETEEMNENMR

PGSR SEMAENETHT future (predictive) vs now 24
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HFO-RANZEHIRISGR FitsiE

EI ZRIEL4E Physical Architecture

O X434 Software Architecture

RAN Intelligent Controller

MySQL:

"frame": 9,

“bler":  0.009
"rnti":  nine

USRP wireless channel m MREHTES,

(RIC)
k]
5G Core Network E o &
TN o
OpenXG (CN) "o m
Qs
o
I 5
(77
OPEIiﬁL[{FACE E2 Agent
UE )) (( —
>> <( CU+DU+RU

Connects to 5G systems via the E2 interface

Supports custom xApp development

Collects base station data

Issues control commands

i OPElilgEEACE FaFlexRIC

i 5G Base Station (OAIl 5G): RAN Intelligent Controller (FlexRIC):
| @ CU+DU+RU m EE28 M 55G R GER

| m L UEBA F \

i Multiple UE access " ii* Q E%XAppﬁk’

| W Wi USRPIELE fiH n RIEERA,
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BFxAPPRIMCS (il 4wmhD) I R 5t

oran@oran: ~fdeploy/oal-cnSg Q = = a 3
L B B B N N B N N § &N &R _§B §B &R B B _§ § &R _§B _§B B _§B B §B _§B B B _§B_ § § B B §N B N _§N §B_ &R B B _§B _§B § B _§ _§N /!
[2825-83-27 12:16:38.348] [anf_app] [debug] Received SBI_UPDATE NF_INSTANCE RESPONSE

[2e25-83-27 :16:38.348] [amf_app] [debug] Handle NF Update response
[2025-03-27 12:16:38.348] [anf_app] [debug] Set a timer to the next Heart-beat (18)
-83-27 :16:46.787] [amf_app] [infa]

ghBs' Information
status Global 1d gNB Name
Connected OxXOESD gNB-NINELAB

UEs' Information
S5GMM State | RAN UE NGAP ID AMF UE NGAP ID Cell Id
SGMM-REGISTERED 0816160060000681 [081010108841242684416| 5 1 oanEenean

[2025-083-27 12:16:48_348] [amf_app] [debug] Send ITTI msg to SBI task to trigger NRF Heartbeat GC
[2825-832-27 12:16:48.348] [amf_sbi] [info] Recelve Update NF Instance Request, handling 5

l[WWﬂ&LHWWﬂ“IHWWW‘ﬂPﬁfﬁ \FIF}H | - — -----------------------

o LIJ\)
2L TR S T TSI A = A e e e e =t R R =15 = = == = o o o o |

E2AP] Received SETUP-REQUEST from PLMN 1.1 Ncldl UE 2f86: dlsch_total_bytes 559852
NEAR-RIC]: Accepting function 10 2 with def =g®ye 2fgs: ulsch_rounds 4549/e/e/e, ulsch_DTX &, ulsch_errors @, BLER ©.0@880 MCS 9

NEAR-RIC]: Accepting function I0 3 with def =g 2fa6: ulsch_total_bytes_scheduled 527588, ulsch_total bytes received 527568
NEAR-RIC]: Accepting function ID 142 with defREF 2f86: LCID 1: TX 895 RX 283 bytes

SRS Frequency Res

NEAR-RIC]: Accepting i function ID 143 with aerl UE 2f86: LCID 2: TX 6 RX o bytes
NEAR-RIC]: Accepting function ID 144 with def™HMue 2fms: LCID 4: TX 18 RX 324 bytes \ LN ] ;
; 3 Frequency donalr, one subfrawe. av
NEAR-RIC]: Accepting function ID 145 with def
INEAR-RIC]: Accepting function 146 with defl-[Nq MAC] Frame.Slot 896.60
NEAR-RIC]: Accepting function FIEX\F(IFCGN . RNTI 2f86 (1) PH 53 dB PCMAX 20 dBm, average RSRP -55 (16 meas)
NEAR-RIC]: Accepting function ID 149 with def 2fae: dlsch_rounds 4562/8/6/8, dlsch_errors @, pucche_DTX @, BLER ©.08680 MCS 9
O S N S B B B N B
2f86: dlsch_total_bytes 561451
N NN N N N . . ]
'xt\pp]: E42 SETUP-RESPONSE received 2f86: ulsch_rounds 4562/8/8/8, ulsch_DTX @, ulsch_errors ©, BLER 8.88880 MCS 9
lxa’\pp]: xApp ID = 7 2f86: ulsch_total_bytes_scheduled 529008, ulsch_total_bytes_received 525008

|
1
egistered E2 Nodes = 1 2fB6: LCID 1: TX 895 RX 283 bytes = = ™ AW o I =T o —
I‘unding event size before remove = 1 2f88: LCID 2: TX @ Rx & bytes .ﬂ s (LR, mag) lLIE 2 0 ﬁiut-
onnected E2 nodes = 1 APP I 2f86: LCID 4: TX i8 RX 324 bytes %_‘1‘5 N B . K
nput ul dl mcs or exit X I g Slgnal atﬁNB
- - — -
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Functional Split Options 2
m CU+DU+RU

R N @ th & (0}
*‘ ol oran@oran: ~fusrpdeply/openairinterface5g/cmake_targets/ran_build/build Q = = o x
B F ' B B B & B B B B B B B B B B & B B B B B B N B B B B B B B B B § I-'H'F P ———
oran@oran: ~fusrpdeply/openairinterface5g/cmake_targets/ran_build/build oran@oran: ~/deploy/oai-<n5g I oy/oaidataextrac on_code = -
| = o ‘ Y. 4 |
. ‘2025-06-14 14:55:16.317] [amf_app] [info] L;‘ | Frame': 51, 'utimesec’s: ewl

b:m

index out of range

| Index | status | Global Id | gNB Name | PLMN If”"‘e'i 261, 'utimesec': 1749900785,
| 1) Connected | OXOEBD | cu-rfsim | 901,01 I fo': [1}
o R T e S e s S e R S S e A o R S g ' index out of range

Frame': 471, 'utimesec': 1749900787,

I

I

l I
........................................................................................................................................................... Fo': [1}

1! I

I

I

B T RS T O b e e e = I index out of range
| Index | 5GMM State | IMSI | GUTI | RAN UE NGAP ID | AMF UE NGAP ID | PLMN | cell 1d l frame': 681, 'utimesec': 1749900789, '
I 1 | S5GMM-REGISTERED | ©01010000000003 |00101010041144836342| 0x86 | 0x085 | 001,01 | 00000000 I NS
e e e e e e index out of range
I frame': 892, 'utimesec': 1749900792, ‘utiml
-IZBZS 06-14 14:55:16.736] [amf_app] [debug] Send ITTI msg to SBI task to trigger NRF Heartbeat '+ (1} I
IZOZS ©6-14 14:55:16.736] [amf_sbi] [info] Receive Update NF Instance Request, handling ... I Iindex out of range
EOZS 06-14 14: ] send NF Update to NRF Frame': 78, 'utimesec': 1749900794, ‘utime\l
2025-06-14 14: Send NF Update to NRF. Msg bod ilreplace”,” 1 it " : "REGISTERED" [1}
2025- 06—14 14: Send NF_Upd te to NRF NRF URI http#oal nrf: aOSO/wﬂnanl{nf—ﬁta(e ﬁc&gféa hdpadt-The T Lndex °'-'_° fag - R
J-tﬂa ﬂmﬁ - ! H' gy UE f1d3: ulsch_rounds 1360/1354/1345/1342,Recelve json format data: {' rarF: ZEB,-utmesec:_1749900796, El

Re

I[NR,RRC] Ent essage task O-CU I IUE f1d3: MAC: ™ 84342 RX 28, 'uernti': [], 'uve_list_info': []} O_DU
I[UTTL] threadCreate() for TASK GTPV1 U: creating thread with affinity ffffffff, pn‘.o'\ IUE f1d3: LCID 1: TX 367 RX Data operation failure. list index out of range
I[NR,RRC] Accepting new CU-UP ID 3584 name cu-rfsim (assoc_id -1) UE f1d3: LCID 2: TX 0 RX
UE f1d3: LCID 4: TX 53166 RX 16857 bytes
I [NGAP] 3584 -> 0000e0OO
I{NR _MAC] Frame.Slot 384.0

UE RNTI f1d3 CU-UE-ID 1 out-of-sync PH 48 dB PCMAX 21 dBm, average RSRP 8 (0 meas)

UE f1d3: dlsch_rounds 363/315/292/275, dlsch_errors 265, pucch® _DTX 1117, BLER 0.97322 MCS (1) 6
IUE f1d3: ulsch_rounds 1360/1354/1345/1342, ulsch_errors 1338, ulsch_DTX 1358, BLER 1.00137 MCS (1) 6 (Qm 4 deltaM

[F1AP] Starting F1AP at CU
[GNB_APP] [gNB ©] Received NGAP_REGISTER_GNB_CNF: assoclated AMF 1
[F1AP] F1AP_CU_SCTP_REQ(create socket) for 127.0.6.3 len 10

I[CIPu] Initializing UDP for local address 127.0.6.3 with port 2152 UE f1d3: MAC: ™ 84342 RX 25500 bytes
[GTPU]  Created gtpu instance id: 95 UE f1d3: LCID 1: TX 367 RX 68 bytes
ITVPE <CTRL-C> TO TERMINATE LCID 2: TX ® RX o bytes
[NR_RRC] Received F1 Setup Request from gNB_DU 3584 (du-rfsim) on assoc_id 1 . LCID 4: TX 53160 RX 16857 bytes
I[RRC] Accepting DU 3584 (du-rfsim), sending F1 Setup Response
I.[RR(] DU uses RRC version 17.3.0 I I‘ENR,HAC] Frame.Slot 512.8
I“L P] SCTP SHUTDOWN EVENT UE RNTI f1d3 CU-UE-ID 1 out-of-sync PH 48 dB PCMAX 21 dBm, average RSRP 0 (0 meas)
oo - [F1AP] Received SCTP state 1 for assoc_id 155, removing endpoint I IUE f1d3: dlsch_rounds 363/315/292/275, dlsch_errors 265, pucch®_DTX 1117, BLER 0.97322 MCS (1) 6
e e Qe i e 1 e s ] 1 el e e i e e e, ! i G GO sl
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O-RAN YT AILEENE ESES - LLM-enabled
Dynamic Resource Allocation Aided by xXAPP

———————————————————————————————————————————————————————————
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Near-RT RIC

LLM-based xApp
A

FOUEIE
/DVMobility preglctioh

B AFRREER, RREEBENVEERXE, B EREIIEE
B LLMITNER T —IZINEER, BRELERRREN, R TR
B REEREMCFIGOREERIRROEAIINRSE, BARSEE

UE1

N
\/
’A‘A‘A’X’X’X‘X’xﬁﬁmr._

-
m
N
/
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O-RAN xAppltgegeRiii

Service Management and Orchestration Framework (SMO) E2 Protocol
Non-RT RIC (E2Packet | |E2RIFREIRSS
E2 Setup
(EZAP ) | |E2 Indication
Near-RT RIC \ \ “[|E2 Reset
EHE A2 O1%&iim r p—
................................................................................................................... A T
________________________ il
4 ‘I \HE%E-‘I Control Policy
I EEO xApp XApp 2 XApp N : \ / |
\ A == I ________________ -
WE= = ew— SCTP
RRARRSS#E | RepRéSHER HEEMIZE B
RS TS TR weMk A
o i E2 Agent
5 HEHNIER Control|: o
IR [ et | G i
E EENXEIEE j Report G R




O-RAN #03E% Dataflow

______________________________________ \‘{f________________________\
Near-RT RICEIEAMET :: HIEAREHIR
h
. |
RAN Function Sqlite#53RIFA M il Ric E2ftEE E2¥5
SIRRER HRAE | |_RICRIERRATTH | :
RSRP RSRP (RB | Pwr | - @ o | | |
| % |
Rate .| Ree | | mme R %‘fg 1 _ESTEEA g
Rt Rt t E | BRRRRABUESEE [ 1%
Pt Pwr JEIE smsas [ mAgE | [ | " i
Ll e 5 S | IREIRSRP, Rate... | |&
RERNEAARE " 3[] EatimrrAggE ST T T ;Eé
y F I Bk - -
1 RRA SM - RSRP, float |1, =2 | |
| HiiERZE Jr | | Rate, float Bl | ricaieeeoms !
' wommmee | | 2| | & *| Fare. PuiBE []7
RIC — vJ S EFI HUEmIDes i T % I N > 191
SA0OR e - 73
! HE;':*EA sl | T % Ij\]ﬁﬁm : : : : ~ Ej%@%@@_ | ?ﬁﬁu
[kew ][ ][ rea | [ momsr ||| | semmes | |- ﬁ | EmesomA .
: 5 EES L | 1
A | AR o | BUERRASUIERSE
1 N
i — EEO XA . | |
AESS <7 | EE ~pﬁp } - T l JEERSRP, Rate... |
i TRz |« RB PVXHHJE : : | E2FIRRRAKEE | |
G ! v s~ 1} T~ Bl I
1 o
g <€~> fRENE | NN IR EE »  DRLIEE : I : : : . :
|
/ N\
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id ﬁ:n nrmt ulmcs wibler ulmc( dibler dl ¥

%sl %?& i ISTA of s UF Bresence of MEISEH e e e e ah ] (e TR T The e he hots bytas. Theutotel bptes. Thes s

N S S . .
i
]
it
|
I

\J Home > Dashb

Datasource  default

r S f TBLER FRSRP
ITWMC MCS I 5 N [ TF4FBLER BLER IlEﬁ 2

IJ:ﬁMCS

I— ulmcs I u II = ulbler

§ _§ _§ & _§ B _§ & N _§ _§ § § § § _§ § o § §F § ¥ § _§ _§ _§ § N _§ _§ _§F § N _§ _§ L _F N & _§ _§ _§ N
¥ Quick CPU / Mem / Disk
[ N NN NN NN SN SN NN NN NN NN NN SN SN SN SEN SN SEN SN SN SEN SEN EEN NN NN NN NN NN NN SN SN BN BN N N S S
IP!e:’:sure & CPU Busy Sys Load RAM Used © CPU Co... Uptime

2.0 days

RAM Total ©
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Summary

m Native Al in 6G is promising to support full spectrum, all scenarios and all
services (6GIEEREBEVIT)

m Generative Al is a key enabling tool for native Al in 6G. (&R TLAIRE
LRI TR HEFRIEE)

https://ninelab.org.cn/

o

Thanks for your attention!
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