JOINT CHANNEL AND CARRIER FREQUENCY
ESTIMATION FOR M-ARY CPM OVER
FREQUENCY-SELECTIVE CHANNEL USING PAM ®
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1. Continuous Phase Modulation 2. A linear representation 3. Joint ML Estimation 4. Results
1.1. Motivation 7271 Equivalent channels Likelihood function (similar to [3] for linear modulations and binary lPream].olZ of 228 synzboLs Héos&lated by a SMSK Withd]WB ; 4, the moiu—
e UAV (Unmanned Aerial Vehicle) control-link by SatCom GMSK) Slgl%n }n o 201@ L/4, the memory Lepm = 3 an = 0.3, and &
P Recelved signal -z 1 1 T S aF 1H Uniformly random CFO et 0.5Rs and 0.5R
P AP Fopy: 1) = oxb d e — T(FN ARl — T( ) AR niformly random etween —0.5Rg and 0.5R;.
o % M o, how o (6) (7 heg: Ja) (ro2)N P { N | () Afreql (fa)AReq } We consider the urban GSM channel and that all equivalent discrete chan-
%, 0 “an e/2m/at (12) nels have a length L. = 8.
o %,:_&' f A1,n
5 % h rs '
§ * P eq () Least Squares Estimation of the equivalent channels for a fixed f ;
§ a P : : r(t) N
| ' ' heq(fa) = (A" A)7TARTH (f)r (13)
N ar-1n () Likelihood function (to maximize) for Carrier Frequency Estimation
& eq-1(t) using Eq (13) in Eq (12)
e Robustness to non-linearity (due to its constant complex envelop) Sampling at Rg: Q(J}Vd> _ SHp (fd) BTH (fd) r (14)
e Usually used over AWGN channels N1 with B = A( AH A)_l Al (15)
e No discrete equivalent channel in case of frequency-selective channels r(mT.) — a - h m — )T + wlmT A
(mTs) RS% ?% gl eq’k« )Ts) (mTs) 4) This can be done using a F'FT as:
with heq,k(t) = (h * g.)(t) (5) N N—-1 | _
| g(fa) = =p(0) + 20 Y _ p(m)e™727mI} (16)
1.2. CPM signals m=0
N—1
a = {a;} sequence of N symbols taken in the M-ASK alphabet with p(m) = Z [B]k—m,kr(kﬁ“*(k —m) (17)
Transmitted signal (complex envelop) k=m
. Hence,
sp(t) = exp! V6 (1)
o - 2.2. Matrix-wise representation fa = argmax g(f,) (18)
where ¢(t, ) is the information phase. e
, Procedure
PAM Decomposition Let define L. the equivalent channel length and for K =0to K — 1 : ~
. . . e Compute f; using Eq (16)
Laurent representation [1] (extended by Mengali and Morelli to the M-ary 0 0 | | | N
case [2] ): sum of modulated PAM with pseudo-symbols ay, ,,. / k.0 o | \ e Counter-rotate the received signal r according to fq
k1o BRO | e Compute heq using Eq (13)
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9o(t) A = (6)
A . af L1 - Qg1 G
p " g1 () s z z :
o P s(t) \ak, N—1 Qg N-2 --- A N—T, ) Figure 2: Performance of the carrier recovery with perfect channel knowl-
| Re _I_-e rences edge over the urban GSM channel
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Figure 3: MSE of the channel estimate with perfect carrier recovery over
the urban GSM channel
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