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Abstract— This article presents the application of a gradient an EVM lower than17.5% and an ACLR higher thag3 dB
algorithm on impairments correction for polar and LINC trans- [3].

mitters (LInear amplification with Non linear Component). The In a first section, we introduce the general principle of

two aspects of the approach are presented: identification and . N . . . .
correction. The large improvements obtained using such solutions identification and direct correctloh by an adaptive algmn.I )
is demonstrated for both transmitters. These approaches are then applied to the polar transnritter i

section Il and to the LINC transmitter in section |V

|. INTRODUCTION Il. ADAPTIVE ALGORITHM

Current research in transceivers architecture is focused A. Introduction to gradient algorithm

the reduction of the overall power consumption of the system | ot ys consider a system, with input(t) and output
For this reason, architectures such as polar [1] and LINﬁt)_ The output of the system is a functighof the input,
transmitters [2] are appealing alternatives to the trenél characterized by parametersr;, ... ,ox. The definition of
cartesian transmitter. The differences between thesei@mu fynction f is such thatf (z(t),0, ... ,0) = s(t). For instance,
can be simply viewed as different methods of writing thg, case of a pure delay, we hayéz, ) = z(t — 1), and in
modulated signal. Indeed, the polar architecture is based @se of a gain, we could havéz, g1) = Gia(t) = e9 x(t).

the polar representation of the signal, with its magnita® e will also denote byi(t) a desired signal. The objective is
and its phasej(t), whereas the LINC solution consists inyg identify these parameters so that the output of the system
rewriting the signal as the sum of two constant envelopscomes similar to the desired one. This is realized through

signals. These different ways of expressing the signalentte  the identification of parameters calleg such as we minimize
the architecture of the transmitter. In the case of polan-sokhe following mean square error:

tions, the envelope signal and the phase signal are diffgren )
processed before being recombined at the output stage of(@1: --- sox) = E[|f(z(t), 01, ... ,ox) —d®)[*], (1)

power amplifier. For the LINC architecture, the two constaifhereE [o] is the statistical expectation operator. The solution
envelope signals are processed and amplified separateliebefan pe obtained with a descent algorithm. This algorithm

being added. o _ ~ consists in iterating fof = 1...n:
The main drawback of these solutions is their sensitivity to 0. )
01y...,0k

mismatches between the two paths. In both cases, the outpul; (n + 1) = a;(n) — y;(n) )
signal is significantly deteriorated, in terms of EVM (Error do; oi=0i(n)
Vector Magnitude) and ACLR (Adjacent Channel Leakaggnere +; is the adaptation step. The gradient is computed
Ratio) when a delay mismatch between paths and/or complgcording to
gain mismatch occur. ) }
In this paper, we propose an adaptive algorithm for ident2/ (91, - -, %) — OF [Je(?)]’] — 91 [gcg(ae(t)e(t)ﬂ (3)
fying and correcting delay and gain mismatches for these two 905 do; do;
transmitters. The theoretical algorithm is obtained with the derivatives
We illustrate the issues and performances of proposgl. In practice, we use a stochastic gradient algorithm tha
algorithms on a 16QAM modulation with a chip rate of 3.84nvolves the instantaneous expression of the gradienerath
Mcps. This corresponds to the 3GPP standard. We mainhan the statistical average. The formulation is finally
focus the analysis on the EVM (Error Vector Magnitude) and (86*(71)
)

on the ACLR (Adjacent Leakage Channel Ratiopdét MHz  o;(n+1) = 0;(n) — 2y;(n) R 3
from the assigned channel frequency. The specifications are i

-4

o;=0;(n)



B. Identification procedure

bits [T6Q AN | 15| 1/Q
The resolution of the minimization problem and the cor polar mm
rection of the imperfections can be formulated in two ways. (1)
The first solution is to identify these defaults and then ectrr P
them. The identification process, Fig. 1, consists in maaify i; Demodulatof
the ideal signalx(t) with parametersu,...,ux and then

comparing it with the emitted one(t) = f(w(t), 71, .-, ). Fig. 3. Simulation model of the transmitter

Modulator (t) RF_ z(t) > D. Application to desynchronisation
Transmitter k In the specific case of desynchronisation, the implemen-
- l tation of such algorithms requires a block that controls the
By s [T | advance and the delay of the signal. For this, the transmitte
) + ST has to introduce a buffer between the emitted signal and the
L@@ ) output of the modulator. Moreover, the solution for delayin

or advancing signals by fractional amounts relies on the use
of interpolation filters which allow to adjust the delay wotkt
recomputing the coefficients of the filter [4]. We choose to

The desired signal is here?) and the parameters; = ;. implement a fifth order Lagrange interpolator using the Garr
The equation (2) becomes, fo=1...n: structure, as we did in [5].

Fig. 1. Identification implementation

OJ (1. o) ) IIl. APPLICATION TO THE POLAR TRANSMITTER
A. Polar architecture and simulation model

Polar architecture is a regarded as an efficient solution for
DR transmitter [6]. This architecture, based on the Kahn's
Envelope Elimination and Restoration (EER) procedure; con
sists in amplifying the phase modulated signal with an effiti
, amplifier while the envelope is restored through the voltage
C. Correction procedure supply of this PA (power amplifier). The simulation model
The other approach consists in directly correcting theaigrised in this paper is shown Fig. 3, with a sampling period
before the emission, according to Fig. 2. The desired signall’ = 7%/12, with T, being the duration of an emitted symbol.
herez(t). This gives according to (2) the following iterativeWith this model, the output EVM is on the order @8% and

pi(n+1) = pi(n) —vi(n)
I pi=pi(n)
Once ther; values are identified, the correction can be applieg,
if necessary. Hence, the identification implementationves!

both correction an monitoring.

formulation: the ACLR is 53 dB.
This architecture is sensitive to delay mismatches between
Ai(n+1) = As(n) = (n) 9J (A1, .-, Ak) . (6) the amplitude path and the phase path [7]. For example a delay
A, Ai=Aq(n) mismatch of0.17 between the two paths yields to an EVM

) ) i i ) of 5.5% and to an ACLR of 28 dB.
This correction procedure avoids the intermediate stefhef t
identification. B. Delay cancellation

One has to pay attention to the fact that this algorithm Let us consider the complex representation of the ideal sig-
needs, for the calculation of the instantaneous derivadive nal: z(t) = p(t) exp(j4(t)). This baseband signal is processed
the gradient, to know perfectly the output signal. It implieby the RF transmitter and results in the signal at the antenna
that the correction algorithm cannot be applied when thienotedz(t), Fig. 4.
transformation applied to the signal is non linear.

U oin 3 x(t) t—T1
p(n) L S RF transmitterp(f—)> 2(t)
L o(n) | ot — m2)

o Lz (t) A AL RF
:Modulatorf» 1y /s Ak Transmitter‘E(t)

Fig. 4. EER transmitter impairments

The envelope of the signal is delayed hywhereas the phase
of the signal is delayed by,. This gives for the emitted signal

Fig. 2. Correction implementation 2(t) = p(t — 11) exp(o(t — 72)).



. L . . TABLE |l
For this application, we can apply the correction algorithm ALGORITHM PERFORMANGES(CONVERGENCE TIME, £, EVM AND

without the preliminary identification step. This solutiog-
. . ACLR) WITH GAIN IDENTIFICATION (A) AND WITHOUT IDENTIFICATION
duces the computation time. We also compute the mean
. . (B) FORT; = 0.45T5 AND 72 = 0.95 T’
square error only with the in-phase component of the complex

signal (using both in phase and quadrature componentsampli—Gain phase Ic EVM (%) ACLR @5 MHz
higher computation load with little gain in performance). mismatch | mismatch A B A B A
; : 3 dB 45° 300 T, | 11% | 1.5% | 27dB | 49dB
or s
Followmg (1) and (6), we find that the mean square err 3B =0 50T 9% 0% 13098 | 50dB
1S 0.5 dB 10° 230 T, | 3.4% | 0.6% | 38dB | 50 dB
0.2 dB 20 100 Ts | 1.2% | 0.6% | 47 dB | 50.5 dB

J(A1, As) = E[|p(t) cos((1)) — p(tr) cos(¢(t2))*],  (7)

and the updating rules fak; and A, are . ] ]
from the cartesian expression of the gdirexp(j¢) = K, +

Ai(n+1) = Ai(n)+m1(n) dfl—(;‘) cos o(t2) e(n) jK; and leads to the following equations:
Ag(n+1) = Ag(n) +ya(n)p(ty) B2 | (n) { K (n+1) = Kq(n)+y(n)R(X*(t)e(n))
b2 Ki(n+1) = Ki(n)+7(n)jRX*(t)e(n))

where we noted = nT, t1 = nT + A1 — 7 and ity =
nT + Ay — 19, T being the sampling period.

This algorithm is implemented and the simulation resul
are presented Table I.

The associated results are given in Table I, under the asdum
A). As shown in Table I, we obtain a large improvement. The
VM falls to about 1.5% for the worst case compared to 11%
without gain identification and the ACLR becomes higher than
TABLE | 49 dB. The only concern is a slower convergence which is the
ALGORITHM PERFORMANCES(CONVERGENCE TIME t, EVM AND price to pay to account for these additionnal mismatches.

ACLR) FOR DELAY CORRECTION INEERTRANSMITTER
) IV. APPLICATION TO THELINC TRANSMITTER

T1 T2 tc EVM (%) ACLR @5 MH=z A. LINC architecture and simulation model
Opt Initial | After Initial After L .
02T, | 117, | 1507, | 38% | 03% | 13dB | 51 dB The LINC solution is based on the separation of any modu-
0.45T; | 0.95Ts | 13075 | 25% [ 0.3% | 13dB | 51dB lated signal into two constant envelope (phase modulatgd) s
057y [ 0.127y [ 1107, | 20% | 0.3% | 15dB [ 51dB nals, Fig. 5. These two signals are processed along twogaral
0.1T, | 02T, | 80T, | 5.5% | 0.3% | 28.5dB | 51 dB » 11G. 9. 9 p g twdgl

paths and are recombined after efficient power amplification
However, this architecture is sensitive to mismatches betw
(iﬂe two transmit paths: gain impairment and differences in
propagation delays. The gain imbalance is a well known
drawback of this architecture and some solutions for sglvin
this problem are presented in [8], [9]. In addition to thisnga
mismatch, the delay mismatch between the two paths has to
C. Delay cancellation with gain identification be taken into account. It does not only degrade the output

rformances of the transmitter but also corrupts the gain

coﬂs(,)i\:jvs;/iﬁgr;’ :Eg ;easirl:lgsngz'ﬁ:;ido?rzz\ﬁn\;\rlgaigg;ag;et?]:/ggd@grrection by.addin'g a time d_ependent per_turb_atipn on the

amplifier. Indeed, from the transmitter point of view thg)%ase. The simulation model |m'plemen'ted is S.Iml|al’ to the

phase O'f the er,nitted signal is none of concern ar,1d th)ng used for the polar quel, F_|g.3. It is constituted of the

magnitude is controlled within a specified range (few dB ain path with two transmitters in parallel and a return path
Y P 9 or correction. It takes into account quantization effegigh

Since our algorithm relies on the comparison between t €it DACS and 8-bit ADCs at a sample ratesdf, as detailed
emitted signal and the ideal one, an uncertainty about theephin [10]. With the simulation model, the EVM i/alue 3%
and the amplitude of the emitted signal impacts directly thaenoI AéLR is 43 dB '

performances. This is reported on Table I, on the (B) colsymn '

for different scenarios for the gain and phase mismatch#s wB. Delay and Gain identification and correction

7 = 0.95 T, and 7, = 0.45 T;. To enhance performances The principle of the LINC transmitter consists in rewriting

we adq an identificgtiop Ioop dedicated to this complex gaghy modulated signal as the sum of two constant envelope
according to the principle Fig. 1. The corresponding meafJqulated signals, denoted by(#) and s»(t):

square error is then
J(E.€) = B[ p(t)cos(0(1) +€) — Gp(ts) cos(é(t) + O], ) = sull) o2l
These two phase modulated signals(t) and sy(t), are

with G exp(j6) the complex gain representative of the incem'enerated according to I2]:
tude in the return path anfl exp(;j¢) the unknown gain. The g ing to [2]
implementation of the identification algorithm was elateda s1(t) = expj (¢ (t) — 0 (t)), s2(t) =expj (¢ (t) +6()).

These results show a huge improvement in the EVM whi
falls from 38% to 0.3%, and in the ACLR which rises from 13
dB to 51dB. The convergence time &% of the final value,
t., is also evaluated and for our test cases is undefr.
These results are detailed in [5].



Transmitter . . . . . .
Signal Further S|m_ule_1t|0ns_ were reall_zed including poth de_lay—mls

Modulator Component match and gain impairment. We introduced a differentiahgel
Separator Transmitter mismatch of7, /32 between the two paths. This corresponds

s2(t) Delay 2, Gain G

to a mismatch ofl0% of the propagation time between the
two baseband analog filters. A comparison of the results was
realized between the performances before the correctitar, a
Let us consider that,(¢) is delayed byr; whereass,(t) orjly a simple non differenti_al delay identification and. figal

is delayed byr, with = — 71 = A. At the output of the With the differential delay adjustment procedure. Resgilten
transmitter, considering these delays, the original matel N Table 1ll demonstrate the efficiency of a differential alel

Fig. 5. LINC Transmitter impairments

signal s(¢) is modified into: correction as it allows a increase of about 15 dB on ACLR
and lowers the EVM to less thai. It should be pointed out
2(t) =s1(t — 1) + s52(t — 72). (8) that for greater mimatches (above 1 dB and) the algorithm

This delay mismatch impacts both EVM and ACLR. For gxhibits, of course, poorer results in terms of ACLR and EVM.
differential delay ofA = T;/32, the EVM reaches.2% and
the ACLR is 32 dB, forA = T, /10 the EVM is near the limit
with 10.7% and the ACLR is out of specification with 22 dB.
The synchronisation has to be recovered.

Applying the correction algorithm to this architecture imr Before Wio Delay Adj | W Delay Adj
plies that we can extract the values @f(t) and sz(t) from AG | Ap | EVM [ ACLR | EVM | ACLR | EVM | ACLR
=(t) with an additional SCS. But, as the operation is non Iineargéjg gz ggg’ g;gg 3'?? gggg 8;? ﬁ’gg
we cannot recover the expected signals. For this reason, Rf a5 59% | 23d8 | 5.5% | 2508 | 0.7% | 4ide
the identification approach is possible. 0.6dB | 8° | 10.8% | 20dB | 3.8% | 28dB | 0.8% | 40dB

The equations for the identification of andr, according | 0-8¢B | 10° | 14.1% | 18dB | 3.8% | 28dB | 0.9% | 39dB
to Fig. 1 are, fori =1, 2:

TABLE Il
ALGORITHM PERFORMANCES WITH AND WITHOUT DIFFERENTIAL DELAY
ADJUSTMENT, WITH A = 71 — 70 = T /32

V. CONCLUSION

This paper addresses the correction of gain and delays mis-
pimpi (k) ’ matches in polar transmitter and LINC transmitter. A gratlie
algorithm is used in both cases, either through an identidica
procedure or a direct correction principle. The efficiendy o
e(n) = 2(nT) — sy (nT — py1) — so(nT — pup). the approaches is demonstrated for the two transmitters. Th
) ) ) achieved performance exhibits dramatic improvementsh wit
This algorithm allows the reduction of the EVM beldw6% an EVM lower thanl% and an ACLR at 5MHz higher than
and the increase of the ACLR above 43 dB for differentigjg gg
delays up to7,/8 after identification and then correction of
the signals.
In addition to the de'ay Correction’ the gain impairmentél] L. Kahn, “Single-sideband transmission by envelope eiation and

between the two paths have to be cancelled. The output signal rlzség.rat'on’ Proceedings of the IR&ol. 40, no. 7, pp. 803-806, July

Os; (t — i)

wi(k+1) = (k) + 2’7(]{)%(6(”) Oy

with
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