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Motivation and use cases

@ 3GPP: Use case for sensing for UAV intrusion detection

5G radio signals can be used to provide wireless access for communication, meanwhile the 5G radio signals can also be
used to generate sensing data for object detection e.g. sense presence or proximity of UAVs illegal flying in a specific

area. 5G System could provide sensing service by processing sensing data and output sensing information (e.g. relative
position, altitude, distance, velocity, direction). In this case, 5G System could be used for sensing the UAV intrusion in
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@ Drone surveillance (i.e., no-drone zone in airport, military base)
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Motivation: Key challenges of drone detection in MIMO

ISAC

Key challenges

o Severe path loss
Mono-static  Lpp o< d™*
Bi-static  Lpy o« di2d;?
RCS of a small drone ~ —30 to —10 dBsm
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Key challenges
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RCS of a small drone ~ —30 to —10 dBsm
o Limited Tx power (P,,,,) at BS

Radar system P, = 0.6 —2 kW

Typical BS P, & 20 — 200 W

o CSI requirement (Precoder)
Typically the communication precoder

. . Nugy o H -1
Regularized zero-forcing w; = (ijl hjh; - /11) h;,
and the sensing precoder wg = (I - UUH) h

max

Trade-off between communication-centric and sensing-centric
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Motivation: The Proposed Scheme

Challenges Proposed

o Link-budget o Multi-static (multiple AP coherent
transmission)




Motivation: The Proposed Scheme

Challenges
o Link-budget

e CSI
requirement

Proposed

o Multi-static (multiple AP coherent
transmission)

o Codebook-based ISAC
Joint design of sensing and
communication reference signal, i.e.,
Synchronization Signal Block (SSB)
No CSI required!



System model
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e Surveillance region is a collection of equidistance Q voxels
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System model

hgplt g \J‘l;pl
(1) 3r/(2cos(/6))
/ : Y \U'/AAP b; = 3r
AP2 \ z y
hy,, rx\ \. .
Wy, /! ("’)
APrx
((") hl’_‘i Rl 3r/(2cos(1/6))
L
AP1 Uk 0

e Surveillance region is a collection of equidistance Q voxels

e MIMO ISAC APs equipped with UPA, M = My, X My antennas

e J transmitter APs, a receiver AP in hexagonal grid

e Coordinated beam sweeping of sensing beams (toward voxels) and SSB

beams (Communication in GoB)
iz



System model

The TDD flow
An SS% periodicity (Tsp)
: An SSB burst set (Tsg) . Y, Time
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System model

The TDD flow
An SSI% periodicity (Tsp)
: An SSB burst set (Tsg) 4.7 Time
—— -
apy | [s]s[s[s]| | [s]s]s[s]-[s]s][s]s]un .. unun[s]s]s]s]
[—— [u——
P1 P2 Pa-1 Pa
APy, | |pouoiol | [oufoifo/od] ... [oL]pL]pL]pL i) ... [upju]oL o oL oL
6 b C B ]

SSB#1 SSB#2 SSB#R' SSB#1
Sensing Downlink Uplink or
(Reception) (SSB and Sensing) downlink

Channel at voxel q

Center of voxel q
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System model: Channels

Center of voxel g The channel model

e Channel voxel q, LOS of
APj'q_APrx

R o2 Ti g T .
Hjq =1/Bjqe “IiHjq
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System model: Channels

The channel model

Center of voxel g e Channel voxel g, LOS of
NG APj'q_APrx

H; = 1\/Bqe /7 et
o The direct-link channel
Hy; = /ﬁo,je—ﬂ”fc‘fo,jﬂo,j




System model: Channels

The channel model

o Channel voxel q, LOS of
Center of voxel ¢ APj-q_APrx

@
- o =27 feTi g ¥ .
Hjq=1/Bjqe ¢9aHjq

o The direct-link channel
Hyj = /o je /7" 0 H

o User channel in at AP jth
hj,uc ~ CN(O’ Bj,ucI)




System model: Tx, Rx signal

Transmitted signal

xlq] = slqlwjq +MCj[q]f’5 (1)

Sensing signal SSB signal




System model: Tx, Rx signal

Transmitted signal

xjlql = slalw;q ++/0q¢la)f (2)
Sensing signal SSB signal

The received signal at AP,

Yap [q] = Z O‘j qxj[q + z HOJX] [q] + z G; qXJ[Q] +n[q], (3)
j=1 j=1




System model: Tx, Rx signal

Transmitted signal

xjlql = slqlwjq +\/Pj,qu[Q]ﬂ; (4)
Sensing signal SSB signal

The received signal at AP,

J J
Yap [q] = Z aj j.q ][q Z Ho,jxj[CI] + Z Gj,qxj[Q] +n[q], (5)
j=1 j=1
J
Yaplal = slql Z oGH W+ 2 \Pala1G ) ofs
j=1 j=1

; Sensing echoes SSB echoes (clutter) (6)

+ Z Ho,j(s[q]wj,q + Pj,ch[q]fa) + M,

j=1 Noise

Direct-link

Combmmg signal of voxel gth: y; [q] = vly.,[q]




System model: UE and Sensing SINR

Average UE SINR

pj,qﬁj,ue
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System model: UE and Sensing SINR

Average UE SINR

pj,qﬁj,ue
2
ielu Pi,qﬂgi,ue + On

yue,j,q = Z

Average Sensing SINR
c%cs |V51quq |2

J 2’
Pe.aq zj:l Rj,q t on

’
J/scn,q =

MXJM ; _ M ; T
where HoeCY">*'"™ is Ho=[H, g, -+, Hy 4] and w,€C™ is wy=[wy g, -




Proposed coordinated precoder

Maximizing sensing SINR at voxel q w.r.t.

argmax Yieng = @ (10a)
B Veena = ey

56 1Wjgl* + 0j,g < Prnaxs Vi (10b)
wil £ =0, v, (10¢c)

Yueq = Yreqr Vs (10d)

wi, thJd 0, Vj, (10e)

where pq = [pl,q’ ’pJ,q]T AE,C]MX‘IM, A:Hfl{qug[Hq'




Proposed coordinated precoder

Maximizing sensing SINR at voxel q w.r.t. wg, Pq

wq Awg Awq
argmax Yeenq = E(p ) (11a)
WgiPg
Jqfk =0, VJ’ (1Lc)
Yue,j,q = )/req’ j’ (lld)
Wiigho,j.a =0, Vj, (11e)

where Pq = [pl,q,---,p]q]T Ae,CTMXIM A = Hq q qH

Power constraint (11b), Comm/Sensing orthogonality (11c), Comm
requirement (11d), Direct-link masking (11e).




Proposed coordinated precoder

Rewrite (11) as

max t (12a)
Wq,pq

s.t. Tr{AWq} >t- g(pq) (12b)
Tr{[- T [W,l- T} + 01,4 < Prnass Vi (12¢)
Yue,jig 2 Ve Vs (12¢)
hg j ol T W[ I-]fhg ; 4 =0, Vj. (12f)

Power constraint (12c), Comm/Sensing orthogonality (12d), Comm
requirement (12e), Direct-link masking (12f).




Proposed coordinated precoder

The solution from optimizer is W, 4. The eigen-decomposition of W, 4
Wiorq = ZgAqZy (13)

The optimized precoder is

wsol,q,j = 1/ Pmax - psol,q,jzdom,q,j’ (14)

where Zqom, q,j=[" T *]iZdom,q> zdom,qEC]M is the dominant eigenvector of W, 4.
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Non-coordinated precoder

A steering vector that projects onto the orthogonal complement of the column
space span U ,=[hg ; 4, 7],

R )
Wjq = el [ 5 W ig/ W)l

> — H - H
Wiq=I-U;Uj U7 Ul hjq, (15)

Li,q—hyg

where ¢; 4 = is the phase different between AP; and AP, as a factor of

wavelength A.

Iz,



Detection rule

Hypotheses
Ky - = X.gq + Ny,
0 Y¥q=XcqT g (16)
Hy 1 yg =X q+ Xeg +1g.
The likelihood function for both hypotheses are
p(yqlFHo) = CN(0,0°T)
1 _
= IMg2M exp( - 2y51yq),
P¥ql70) = EN(0,62L + o) = EN(0, C) an

— 1 _vHC-1
- 7TM det(Cq) eXp( yq Cq yq>’

where 0% = 0} + pgBsq, Cq = 7° I+ 07gq.




Detection rule

The log-likelihood ratio, LLR(y,), is

p(qu{l))
LLR(y,) = In [ —2—1
Ve (p<yq|ﬂo> "
=1In ﬂ +yH(oI-C;h)
~ Mdetcy ) Y @ Va
The test statistic is
F,
T(yq) = yi(c=*1 - CzY)y, 5 Yths (19)
0
Iy

T(Yq) = Y{]Jq)q(o'_zI + U%csq)q)_l}’q 5 Yin- (20)
0




Table: Baseline parameters.

Simulation result

Parameter | Value | Parameter Value
MV’MH 12 ORCS —10 dBsm
fe 15 GHz z 10 m
Beq —90dB a2 -60 dBm
o 30 dBm d 2m
Yreq 3dB Volume 6x2x2 m3
r 250 m




Simulation result

Evaluate the sensing performance via the averaged sensing SINR
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== ¥yeq = 2 dB, Proposed precoder
== ¥,.q = 3 dB, Proposed precoder
== ¥eq = 2 dB, Non-coordinated precoder
-%=Y,q =3 dB, Non-coordinated precoder
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Simulation result

Evaluate the sensing performance in altitudes
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Simulation result

Coordination improves Pd
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