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Summary Design under Total Power Constraints J| Design under CM constraints Numerical Example
e This work explores multibeam (dual-functional) fully ana- e To gain insight: relax CM constraints o Restoring the original CM constraints, the problem reads e Proposed with CM (blue)
log beamforming for joint communication and monostatic , 5 o |
sensing under self-interference (Sl). fil =1, ie{l,.... Mr} = [[f]|" = M7y ffélgﬁT G, comm e Communication-Sensing Upperbound: neglect Sl (black)
e We provide a semi-analytic optimal solution under total * The design problem becomes s.t. (a) Gesen(0t) > 72, (b) Pt < 0%, () |fi] =1, Vi e Benchmarks:
power constraints and its adaptation to constant-modulus max  Gix.comm e Some options to enforce CM constraints: — SDR with CM (dashed red)
(CM) analog beamformers. Fetmm o | o |
s.t. (a) Gixsen(0t) > 72, (b) Psi < n°, (¢) [|fII* = M7 — Project TPC solution onto the set of CM vectors — Convex Combination with CM (magenta)
| — 12 — - . . .
. QCQP with 3 constraints — Replace |f;| =1 by |f;| = 1 and solve a QCQP with — Proposed with TPC + Final Projection (orange)

M+ + 2 constraints via SDR

— SDR with TPC + Final Projection (green)

Problem Setting

e First order optimality condition: e Proposal: Modify the TPC procedure to enforce CM con-

R ISAC Tramseciver ¢ communication Recetver i =/ M+D [H STH + peat(0y)a7 (0;) — v HE HSI} straints at each iteration:
: : 40 . . .40 . . :
' N . . . T
sl I e RE i | — D[X]: dominant unit-norm eigenvector of X Pyn{x} = [x1/|21], ..., 20/ |T0]
— by, Y. Optimal Lagrange multipliers for (a) and (b) ~» At Step 2, find f(,) and £ with
U promening [€] Bx ADC e Procedure to attempt to solve the problem:

CM Bisection Search(X,Y, 3, €, Wmin, Wmax)

1. If the solution obtained by relaxing constraints (a)
. and (b) is feasible: e Repeat
e Assume CM phased arrays: each antenna is connected to a
single phase shifter with no individual gain control. £, = /M+D [HHI—IC} L @ = (@t = W) 2 _
e The ISAC transceiver sends a data stream {s|l]} of complex o oS 2. f+ Pym {D[(1 —w)X +wY]} .
_ S vAar ' : therwise, proceed to Step 2. 15 7 - 7
zero-mean, unit-variance symbols. The TX signal reads: rwiS€, p P 3.0 FHY F > B, then wipay < — —
x[l] = fs[l] € CM7 2. Relaxing either constraint (a) or (b): 4. else wpim  w 1o lE—= . | o= . ]
15 20 25 30 15 20 25 30
e [he observation at the co-located radar is given by (a) Relax constraint (b) and solve o Until [FEY f— 8| <e Sensing Threshold 7* [dB] Sensing Threshold ° [dB]
rll] = w? Hs fs[l] + wl Hg fs[l] +w: ngl] fy = argmax Gixcomm DR with CM
D fFecHr — At Step 3, find f, with: * SDRw
: S.t. Gixsen = 7_27 HfHQ = M+ — Unable to find rank-1 solutions in 40% of the trials
e Post-combining S| due to weak isolation between TX and
sensing arrays and £ [{s[l]}] > target's echo RTT. (b) Relax constraint (a) and solve CM Newton-Raphson(X., Y, Z, f1, b2, €, o) e Proposed with TPC + Final Projection
o S| degrades radar performance and saturates RF front-end. for = argmax G comm o o ag _, Prob. exceeding SI limit: 20% (left) and 49% (right)
e Conventional approach: (b) FeCMrT ' o f Py {DIX +a1]Y — a[2]Z]} - g -
IfIliIl D {wsHHs|fS[l]} s.t. Py = 12, HfH2 — M+ e Repeat e SDR with TPC + Final Projection
e 1. u + Pym:{D|X + a|1]Y — a|2|Z]} - :
A H rrH A VT — Almost surely violates S| constraint
— Does not protect RF components preceding ws (c) Let o = fi HgHsif, and 5 = > Get d
: .. Hat(0)a% (0,) fpy. Then |
e Solution: Control pre-combining Sl f(b)aT 8T \Vt)J(0) ’ C uHY u — Ref & Ack led
X ) - | ; ; gle) | Vi, ererences cknowledgements
Por = Etl Ha fslill"y = f Hsi He f S tasuandpsT S [1] J. Borras and R. Lépez-Valcarce, “Multibeam analog beam
if a > n? > 72 . . - ' ) ' )
Jx = J ) !f &= 772 and 5 > 7-2 3. Compute the Jacobian matrix former design for monostatic isac under self-interference,” in
Objective: argmax G comm fa<n~andf>r - 5 5 2026 IEEE International Conference on Acoustics, Speech and
tf fo} T (o) | el ¢ (@) () Signal Processing (ICASSP), 2026.
q
A pH prH 2 2 aa—mCI2(a) aa—[g]%(a)
Gtx,comm o -f HC HCf Ito 2 " and ﬂ < 77, proceed to Step 3 i i Work funded by MCIN/AEI/10.13039/501100011033/ FEDER “A way
: - , 4 dat _ 71 of making Europe” under project MAYTE
Goccon(0) 2 |fHa/T(9t)‘2 S 2 3. Tge optlmaIHu* anci{v* r;ust sm;ltalr}eously;atls;y Update o <— o — J; (@)g() (PID2022-1365120B-C21 /C22)
- - fiar(0)ay (6)f=7° and f."Hgs Hs | f,"=n". 5. f « Pyu: {D[X + a[1]Y — a[2]Z]}
Psp <7 .
— Newton-Raphson method o Until |fYY f —pBi| <e& [f"Zf - P <e¢ FSTAAL

‘f z‘ =1,1¢€ {17 SO MT} Y UNIVERSIDADES — INVESTIGACION
Cofinanciado por

la Unién Europea




