Two-Way Full-Duplex MIMO with Hybrid TX-RX MSE Minimization and Interterence Cancellation
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Abstract - We consider a two-way full-duplex (FD) multiple-input multiple-output

(MIMO) communication system in which devices are equipped both with multi-tap Il SIMULATION RESULTS

analog interference cancellers and TX-RX beamforming capabilities, and propose a joint 20 | | Conlvergencel it Ofle Wlthl = le c | —
analog and digital algorithm to simultaneously maximize the rate and minimize the self- e T
interference (SI) in such a system. Simulation results demonstrate that the proposed =TT
scheme is capable of suppressing residual SI down to background noise levels typical of L /_/" B
wireless systems, significantly outperforming similar methods previously proposed. /,/‘/
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Consider the model illustrated in Figure 1, of a FD MIMO communication system in which two nodes with Ve
7
M transmit and /N receive antennas, respectively, transmit and receive simultaneously 1in the same frequency 14l /s 1
such that the signals of interest at both nodes are jammed by the SI signal from their own transmit signals. E /'; 1
~
¢p) .
Signal Model with TX-RX Beamforming @ 1/
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The signal arriving at the k-th node, k£ € % .I/
{1,2}, after multi-tap analog SI cancellation Joded , S
and the corresponding signal vector estimate 6 | puieStore j—{RP Chain] y Hq
3 € Cdx1l gpe respectively given by s i —:{pulsesmpe]i[RFCham] JENV - ~ 10 i
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= U,H;.V;s)+ U.H,;;.Vi.s; + Uny, 2 (d)—l___ (ot Fiter ) —{RF Chain} /‘Jy 5 — — P, =30dBm | |
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where wv; 1s the interference-plus-noise | o
component at the k-th node, Ck c (CN X M Fig. 1 System model of t.Wo—Way full duplex MIMO with limited ' ' ' ' ' ' ' ' '
: . multi-tap analog cancellation. 0 100 200 300 400 500 600 /700 800 900 1000
denotes the analog cancellation matrix [1], [2]
and ﬂ'kk ~ H,, — C,. Number of iterations
Fig. 2. Convergence rate of Ry at P, = 20dBm.
From equations (2), it follows that the achievable rates in bits/sec/Hz at the k-th node are given as follows. Sl ; : lovel for diff Nt
H o e 105 ¢ | | e mtler erencle eve olr 1 ererllt cance Iatlons | |
R, = log det (Id+ U.H,.V,VEHIU S ) | (3) :
. . . . CORTR [ | —&— Analog
where 3J;. 1s the covariance matrix of v;. given by - | —O— MtapCB [18]
N - —®— Proposed
>, = U H, V.V H, U+ 0°ULU, (4) 1076 § b
Decomposition of V;. LMMSE RX Beamforming Matrix U;.
Because of the fact that the capability of The linear MMSE RX beamformer is adopted in 107 L
analog SI cancellation is limited by the number this article based on the discussion in [3] about C
of taps in C}, it was proposed in [1] to | the optimality of LMMSE in interference MIMO
split the transmit beamforming matrix into | channels, which is given by nE 5
Vi. = F.G.,VEk € {1 2} such that the Fj H-HrrH (A H —H H>_1 < 107 F E
’ e = F,'"H,, |X;. + H).F F,'"H A
component of V. can be focused also on SI U= Go by Hy \ 2+ Ho i GG Fr Hy, (é) S
suppression, leaving the component G;. € coxd . S
to be designed with aim at maximizing the || With A i i = 109 L B
downlink rate. > = Hy FyGLGIFYHY +0%I,  (6) =
II. PROPOSED MMSE TX-RX BEAMFORMING DESIGN 1010 L i
For the two-way FD MIMO system with multi-tap analog canceller described above, consider the following
minimum mean square error (MMSE) minimization problem subject to transmit power constraint,
2 1011k i
min Tr{e.} (7a)
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where €;. 1s MSE vector of the intended signals given by 20 22 24 26 28 30 32 34 36 38 40
H T it dB
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Fig. 3. SI level for different cancellations with N = M =4
Lagrange Multipliers and the Karush-Kuhn-Tucker conditions | | ST R?te Com]lpamson v|v1th halfland fulllduplex | |
From equation (7a), the Lagrangean of the problem 1is 34| — — Ideal FD p
2 —&— Proposed FD =
LUGr o)) = D Tr{er} =B (TH{GGL} - 1), ©) —O— Hall duplex =
ki,—/ Constraint
Objective

where ;. is the Lagrange multiplier and its KKT conditions are given by [4]
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Consequently, the optimized scaling parameters «ay., 5. and RX beamformer G, are respectively obtained by §
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Optimized scaling parameters «;., 5;. and RX beamformer G, g i
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Algorithm 1 Joint design of TX-RX beamforming.

Input:
10 | | | | | | | | |

. g 2 Ij;f‘“’ ,Hékzw“ ] 20 22 24 26 o8 30 32 34 36 38 40
(; tk ’ X given by [1] Transmit power P, |dB]

utput:
o The optimized beamformers F1., G 1, Up, Yk Fig. 4. Sum rate comparison for different transmit power with M = N =4 for a fixed F, = 20 dBm
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