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Integrate Sensing and Communication (ISAC)

B With the evolution of 4G to 5G, and now to 6G, the spectrum allocations have expanded
towards higher frequencies. With the introduction of higher frequencies, the potential for
very accurate sensing based on radar-like technology arises

B Sensing capabilities as an integral part of the network is identified as a new feature of future
6G systems

B Main advantage of ISAC is that most of the infrastructure is already in place with
transmit/receive nodes, providing full area coverage. Hence, the sensing can be provided
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Integrate Sensing and Communication (ISAC)

B Why ISAC?
— Better utilization of the spectrum
— Reduction in hardware cost & power consumption
— Sensing and communication functions can benefit each other
B \Wide usage scenarios T g

— 3GPP.R19.TR22.837 defines 32 applications il Devoss
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ISAC Development Trends
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Framework and Overall Objectives of the Future
Development of IMT for 2030 and Beyond

Usage scenarios
6 Usage scenarios
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Potential Use Case — Shopping Mall Advertising

B More specific advertisement can be achieved

— To determine which store user actually enter

— To detect non-network objects alongside user
B Providing services to users with non-GPS-enabled mobile devices
B Crowd flow distribution analysis
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Potential Use Case — Long-term Care

B Emergency Detection
— Fall detection
B Multi-People Long-Term Action Recognition with Privacy
— Detecting abnormal gaits/posture
— Activity tracking without wearable devices
» reminding stand-up periodically
* joint degeneration tracking
« stroke risk prediction

Need to stand-up
every hour
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https://www.huawei.com/en/huaweitech/future-technologies/6g-isac-thz
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Introduction to ITRI 6G ISAC Technology

Increased level of integration >

Sharing of sites Sharing of spectrum Sharing of hardware Reuse of waveform Reuseof signals
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Integrate Sensing and Communication (ISAC)

How to realize ISAC?
B Separate signhals-based

« Challenges: Interference, bandwidth limitation, ,
and complex bandwidth allocation methods

B Communication waveform-based (OFDM)

subcarrier frequencies

* Challenges: complicated radar detector FMCW
B Radar waveform-based (FMCW) ! ‘
« Challenges: inherently low transmission rate A
B Joint waveform A '

« Challenges: cannot work on existing radar and '?
communication systems

A Cohabitation B Cooperation c Codesign
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Comparison of ISAC Signal Multiplexing Techniques

FDM
equeny Pp— Frequency Division Multiplexing (FDM)
‘ B m Advantage: Avoids interference, good for long-range sensing
= foe B Disadvantage: Low spectrum efficiency, high resource usage

bandwidth of sensing signal limits the sensing
accuracy of distance

SDM
. e . . . ?space
Space Division Multiplexing (SDM) frequency o
B Advantage: Efficient spatial use, reduces beam interference ® ina
. . . N _ sensing signal
B Disadvantage: Requires complex spatial management S time
beam space of sensing signal limits the sensing
TDM spacerange
space
frequency . . - e . . .
@ ten Time Division Multiplexing (TDM)
‘ sensing signal B Advantage: High temporal resolution, avoids frequency congestion
b B Disadvantage: Complex time synchronization needed
time density of sense limits the highest speed
of sensing target
Integrated Waveform oo ARG NS B
B Advantage: Best spectrum efficiency, optimizes performance for ] bk R
. . . integrated signa
both communication and sensing ‘ for ISAC
B Disadvantage: High technical complexity for waveform design —_— dw;Qef'E::achaevesagoo tradeoft TEBHREE
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5G vs 6G Sensing

6G Usage Scenarios
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Filling the Sensing Gap

JCAS BS
1. Research domain of allowing BS/UE enable the AT
sensing capability in addition to communication 4 Tx ] T]E Ry \'ﬁ'(( )
B add a specialized radar receiver on the BS for receiving .
reflected waves, CSI, new chipset&RF design... REfeT’:“J'“ —-
2. Raw point cloud is not "advanced" enough —— \f 7 N
| T Data Pre-process

B Advanced sensing information is required for L J N__/J

6G use cases
» Object classes/action recognition

 Trajectory tracking/collision avoidance 26 2l N
Digital Twin ( ool
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Sensing Algorithm Based on Subcarriers in CS|

subcarrier 1 orp Based Ranging FMCW Based Ranging
@freq. = f, Frequency-Domain Symbol

(16-PSK Modulation) (e) Time-Domain Sample
- =

B From CSIto Point Cloud Technology

« Transforming CSl-related data through computation into point cloud maps
similar to those provided by radar

+ Point cloud information requirements: distance, speed, angle
B Sensing Reflection Distance (ToF; Time of Flight)

* Phase shift in different CSI subcarriers is proportional to ToF
+ The slope of ToF phase shift is directly proportional to the distance of the

Reflected from

Frequency

Reflected from

reﬂeCtor 5uhcarrie-r Time Subcarrier
» Theoretically, the OFDM subcarrier frequency symbol can correspond to the "o O mixing L
time-domain signal in FMCW — Like FMCW, a slope graph can be obtained, ‘;’ ";'
and FFT transformation can identify the locations (ranges) with reflectors Z £
B Speed Information (e ﬂuh%'ﬂe- ey "0'"_
« Extracted from phase changes over time during CSI update PrOCeSS - = == == - - - - - - -~ Pl Subcarrler ¥ _ _ _I_ L. aldongTime N e e — - X
* Equivalent to calculating from ToF (current) plus time parameter RS ipsesias v / :
phase changes ; il RFChan B + : —]Y  _d I
i | ne ik Processing i o H i I -_— :
| Angle Informatlo.n. | . . I D|g|ta| RF Chain ......... = \asnultipleBeamSI
+ Obtained through Digital beamforming data for angle mfozmatlon : _B_efl[n_fgr_rgl_n_g _____________________ Ay "_m:'tjnfO_US_'v )
N ,f 9 Digital ,
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1 Analog Phase A
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TRELAMTERFTRR

OITRI. TEHMitAFEpTZE(E



