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 A B S T R A C T

We propose a cost-effective architecture for >100-Gb/s metro networks with an 80-km reach, utilizing Alamouti 
polarization-time block code (PTBC), a self-coherent scheme, and a shared-local oscillator (LO) configuration. 
The combination of PTBC and the self-coherent scheme enables the use of a single-polarization coherent 
receiver without carrier recovery algorithms. While conventional self-coherent schemes typically require two 
fiber strands to transmit a single signal, the proposed shared-LO configuration allows a single LO to serve 
multiple signal channels, thereby improving fiber utilization efficiency. We experimentally demonstrate the 
transmission of 120- and 240-Gb/s PTBC 16-QAM signals over 80 km of single-mode fiber. A power budget 
analysis, based on our experimental results, shows that a single LO can support up to 15 and 7 signal channels 
for the 120- and 240-Gb/s systems, respectively, assuming a 16-dBm laser output power.
1. Introduction

The rapid proliferation of Internet traffic driven by artificial in-
telligence (AI), video streaming services, and mobile communications 
necessitates the deployment of high-speed metropolitan networks over 
distances ranging from 40 to 80 km [1–4]. In particular, the ex-
plosive growth of AI-driven services has led to massive data center 
expansion, creating a strong demand for inter-data center interconnects 
over reaches of up to 80 km [1,5]. However, the effects of chromatic 
dispersion (CD) cannot be neglected when transmitting signals at data 
rates exceeding 100 Gb/s over 80 km using intensity modulation and 
direct detection systems [5–7]. For example, when transmitting four-
level pulse amplitude modulation (PAM4) signals in the O band, which 
exhibits low CD, transmitting 100-Gb/s signals over 80 km may require 
> 50-tap second-order nonlinear equalizers [2], potentially requir-
ing even third-order nonlinear equalizers for 200-Gb/s signals [4]. 
Although CD can be effectively compensated when using coherent sys-
tems, enabling the transmission across the full C-band spectrum, their 
deployment in metro networks is limited by the high cost, complexity, 
and power consumption [8,9]. As a result, there is growing interest in 
coherent-lite approaches that preserve the key advantages of coherent 
detection, especially digital CD compensation, while reducing cost and 
complexity.

One promising coherent-lite technique is Alamouti polarization-
time block coding (PTBC), which enables a single-polarization coherent 
receiver by employing transmitter-side polarization diversity [8,10]. 
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This configuration alleviates the challenges associated with the mono-
lithic integration of a polarization-diverse coherent receiver [8], and 
reduces the required number of analog-to-digital converters [11,12]. 
Although PTBC necessitates a dual-polarization transmitter, it offers 
more stable operation than dynamic polarization control (DPC)-based 
systems under rapid polarization fluctuations (down to microsecond 
timescales) through digital signal processing (DSP)-based channel adap-
tation [13,14]. The spectral efficiency penalty from not exploiting 
polarization-division multiplexing can be compensated by employing 
advanced modulation formats such as 16-ary quadrature amplitude 
modulation (16QAM)  [15,16]. However, the practical implementation 
of a conventional PTBC decoder can be challenging, since it requires the 
simultaneous estimation of slowly-varying channel effects, including 
polarization rotation, and fast-varying carrier phase noise [17].

Another viable coherent-lite approach is the self-coherent transmis-
sion system, in which the local oscillator (LO) is transmitted along 
with the modulated signal from the transmitter [5,9,18]. This scheme 
eliminates the need for a separate LO at the receiver, significantly 
relaxing requirements on laser linewidth and wavelength alignment [5,
18]. Moreover, self-coherent architectures can substantially reduce DSP 
complexity by removing the carrier frequency offset (CFO) recovery 
and carrier phase estimation (CPE) blocks [18]. However, conventional 
self-coherent systems typically require duplex fiber links, where the 
signal and LO are transmitted over separate fibers, resulting in only 
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50% fiber utilization efficiency [18]. In addition, they require polar-
ization alignment between the signal and LO [18], which may pose 
considerable implementation challenges under dynamic polarization 
conditions.

In this work, we propose a high-speed transmission system for metro 
networks by combining PTBC with a self-coherent scheme. This inte-
gration enables a simplified single-polarization receiver without carrier 
recovery blocks (CFO/CPE). To improve fiber utilization efficiency, 
we introduce a shared-LO configuration where a single laser output 
is split at the receiver to support multiple signal lanes, making it 
suitable for multi-strand fibers such as ribbon fibers [19], or potentially 
multi-core fibers [20]. Notably, the proposed shared-LO architecture 
is also compatible with a single-polarization receiver employing DPC. 
We experimentally validate this architecture by transmitting 120- and 
240-Gb/s PTBC-16QAM signals over 80-km fiber and present a compre-
hensive power budget analysis to quantify system scalability. This study 
extends our previous work presented at the conference [21], where the 
integration of PTBC and self-coherent schemes was initially proposed 
for a passive optical network.

The remainder of this paper is organized as follows. Section 2 
describes the architecture of the proposed optical transmission system. 
Section 3 presents experimental results demonstrating 120- and 240-
Gb/s PTBC-16QAM transmissions. Section 4 provides a power budget 
analysis without signal amplification. Finally, Section 5 summarizes the 
paper.

2. Proposed metro network architecture

2.1. System architecture

Fig.  1(a) shows the configuration of the proposed system which 
integrates PTBC, a self-coherent scheme, and a shared-LO architecture. 
The laser output is split into 𝑁 branches, with one branch used as an 
LO, and the remaining (𝑁 − 1) branches converted into PTBC-16QAM 
signals, as illustrated in Fig.  1(b). Specifically, two complex 16QAM 
symbols [𝑠1, 𝑠2] are encoded into two PTBC codewords as [𝑠1, −𝑠∗2] and 
[𝑠2, 𝑠∗1] over two symbol periods. In the dual-polarization IQ modulator 
(DP-IQM), the light is first split into two orthogonal polarizations by a 
polarization beam splitter (PBS); each polarization is then modulated 
with one of the codewords before being recombined by a polarization 
beam combiner (PBC). The LO and the (𝑁 − 1) PTBC signals are 
transmitted over multi-strand fibers. At the receiver, the transmitted 
LO is amplified by an optical amplifier (OA) to provide high output 
power (e.g. up to 20 dBm) and then split into (𝑁−1) branches. Finally, 
(𝑁 − 1) coherent receivers are used to reconstruct the original (𝑁 − 1)
data streams. As illustrated in Fig.  1(c), each coherent receiver mixes 
its corresponding signal with a split LO using an optical hybrid, and 
two balanced photodiodes (BPDs) are used to detect both the in-phase 
(I) and quadrature (Q) components.

Crucially, the LO should be amplified on the receiver side to avoid 
stimulated Brillouin scattering (SBS). Amplifying the LO at the trans-
mitter would trigger SBS, which in turn significantly increases the 
signal’s propagation loss. In addition, the proposed architecture is 
scalable for wavelength-division multiplexing systems. In such imple-
mentations, it is advantageous to demultiplex the amplified LO into 
individual wavelength components at the receiver side, prior to optical 
splitting. The additional loss introduced by the demultiplexer must be 
taken into account when designing the system, as it directly affects the 
required LO amplification level.

2.2. PTBC decoder in self-coherent system

In an ideal channel without inter-symbol interference (ISI) from ef-
fects like CD, the input–output relationship for two consecutive symbols 
can be expressed as 
[

𝑟1
∗

]

=
[

ℎ𝑥𝑥 ℎ𝑥𝑦
∗ ∗

] [

𝑠1
]

, (1)

𝑟2 ℎ𝑥𝑦 −ℎ𝑥𝑥 𝑠2

2 
Fig. 1. (a) Configuration of the proposed transmission system utilizing PTBC, 
a self-coherent scheme, and a shared-LO architecture. (b) Block diagram of 
the DP-IQM for generating PTBC-16QAM signals. (c) Block diagram of the 
single-polarization coherent receiver. (BPD: balanced photodetector, CRX: co-
herent receiver, DP-IQM: dual-polarization IQ modulator, LD: laser diode, LO: 
local oscillator, OA: optical amplifier, OC: optical coupler, PBC: polarization-
beam combiner, PBS: polarization-beam splitter, PTBC: polarization-time block 
code).

Fig. 2. Schematic of the proposed PTBC decoder. (Conj.: complex conjugation, 
P/S: parallel to serial, S/P: serial to parallel).

where ℎ𝑥𝑥 and ℎ𝑥𝑦 represent the elements of the channel’s Jones matrix 
𝐻 = [ℎ𝑥𝑥, ℎ𝑥𝑦;ℎ𝑦𝑥, ℎ𝑦𝑦], 𝑠𝑘 denotes the 𝑘th transmitted symbol, and 𝑟𝑘
denotes the corresponding received symbol. Notably, this expression 
does not require taps for CPE, a direct benefit of the self-coherent 
scheme. Since the matrix [ℎ𝑥𝑥, ℎ𝑥𝑦;ℎ∗𝑥𝑦,−ℎ∗𝑥𝑥] is unitary, the transmitted 
symbols can be estimated as 
[

𝑠̂1
𝑠̂2

]

=
[

ℎ∗𝑥𝑥 ℎ𝑥𝑦
ℎ∗𝑥𝑦 −ℎ𝑥𝑥

] [

𝑟1
𝑟∗2

]

, (2)

where 𝑠̂𝑘 denotes the 𝑘th estimated symbol at the receiver. This indi-
cates that the original transmitted symbols can be recovered by a simple 
linear transformation, without CFO and CPE blocks.

Fig.  2 shows the schematic of the PTBC decoder. The received signal 
𝑟[𝑛] is separated into two interleaved sequences: 𝑟𝑜[𝑛], consisting of 
the odd-indexed samples (i.e., {𝑟[1], 𝑟[3], …}), and 𝑟𝑒[𝑛], consisting of 
the even-indexed samples (i.e., {𝑟[2], 𝑟[4], …}). These two sequences 
are then processed by a 2 × 2 multiple-input multiple-output (MIMO) 
equalizer, expressed as 
𝑠̂𝑜[𝑘] = 𝐰11 ∗ 𝐫𝑜[𝑘] + 𝐰12 ∗ 𝐫∗𝑒 [𝑘], (3a)

𝑠̂𝑒[𝑘] = 𝐰21 ∗ 𝐫𝑜[𝑘] + 𝐰22 ∗ 𝐫∗𝑒 [𝑘], (3b)

 where 𝐫𝑜[𝑘] and 𝐫𝑒[𝑘] denote sampled vectors centered at index 𝑘, 
defined as {𝑟 [𝑘 − 𝑁],… , 𝑟 [𝑘 + 𝑁]} and {𝑟 [𝑘 − 𝑁],… , 𝑟 [𝑘 + 𝑁]}, 
𝑜 𝑜 𝑒 𝑒
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Fig. 3. Experimental setup for 120- and 240-Gb/s PTBC-16QAM signal transmission. (AWG: arbitrary waveform generator, CD: chromatic dispersion, DAC: 
digital-to-analog converter, DSO: digital sampling oscilloscope, EDFA: erbium-doped fiber amplifier, SSMF: standard single-mode fiber, SRRC: square root-raised 
cosine filter, VOA: variable optical attenuator).
respectively, and 𝑁 is the number of pre- and post-cursor taps. Each 
𝐰𝑚𝑛 (for 𝑚, 𝑛 ∈ {1, 2}) represents the impulse response of a finite 
impulse response (FIR) filter that forms the 2 × 2 MIMO equalizer and 
compensates for polarization rotation [22]. No separate tap is needed 
for CPE, owing to the use of a self-coherent scheme.

Then, the errors are calculated as 
𝑒𝑜∕𝑒[𝑘] = 𝑑𝑜∕𝑒[𝑘] − 𝑠̂𝑜∕𝑒[𝑘], (4)

where 𝑑𝑜∕𝑒[𝑘] denotes the 𝑘th training symbol (in training mode) or 
the decision-directed (DD) symbol corresponding to 𝑠̂𝑜∕𝑒[𝑘]. The filter 
coefficients are then updated using the least mean square algorithm as 
follows: 
𝐰11[𝑘 + 1] = 𝐰11[𝑘] + 𝜇𝑒𝑜[𝑘]𝐫∗𝑜 [𝑘], (5a)

𝐰12[𝑘 + 1] = 𝐰12[𝑘] + 𝜇𝑒𝑜[𝑘]𝐫∗𝑒 [𝑘], (5b)

𝐰21[𝑘 + 1] = 𝐰21[𝑘] + 𝜇𝑒𝑒[𝑘]𝐫∗𝑜 [𝑘], (5c)

𝐰22[𝑘 + 1] = 𝐰22[𝑘] + 𝜇𝑒𝑒[𝑘]𝐫∗𝑒 [𝑘], (5d)

 where 𝜇 is the step size, and 𝐰𝑚𝑛[𝑘] denotes the FIR coefficients 
applied to the 𝑘th symbol vectors. The 2 × 2 MIMO equalizer com-
pensates for residual ISI and polarization-dependent impairments such 
as polarization-mode dispersion. Unlike conventional PTBC decoders, 
the PTBC decoder shown in Fig.  2 remains robust to faster laser phase 
noise fluctuations without requiring explicit tracking.

3. Experiments on 120- and 240-Gb/s PTBC-16QAM transmission

Fig.  3 shows the experimental setup for transmitting 120- and 240-
Gb/s PTBC-16QAM signals. Although the proposed architecture in Fig. 
1(a) involves splitting the laser output into 𝑁 branches, this experiment 
was conducted by splitting the laser output into only two tributaries 
to evaluate the BER performance of a single channel. In experiments 
requiring signal amplification with an erbium-doped fiber amplifier 
(EDFA1) (for transmitting the 240-Gb/s PTBC signal over 80 km), a 
variable optical attenuator (VOA1) was used to emulate the optical 
signal-to-noise ratio (OSNR) degradation from increased branching 
(i.e., large 𝑁). For unamplified transmissions, the impact of signal 
power reduction from an 𝑁-way split was emulated by adjusting VOA2 
at the receiver. Separately, the corresponding LO power reduction was 
emulated by VOA3 at the transmitter.

The output of a laser diode (LD) (14.0-dBm power, 25-kHz
linewidth) was split into two branches; one with 10.4 dBm was used as 
the transmitted LO, and the other with 10.0 dBm was used to generate 
the PTBC-16QAM signal via a DP-IQM. The DP-IQM was driven by 
four electrical signals generated from a 120-GS/s arbitrary waveform 
generator (AWG); these signals were created by Alamouti-encoded 
16QAM signals, followed by pulse-shaping with a square root-raised 
3 
cosine (SRRC) filter (roll-off factor (𝛼) = 0.3). In the experiments 
demonstrating the transmission of a 240-Gb/s signal over an 80-km 
fiber, the launched optical power was controlled using VOA1 and 
EDFA1. The signal and transmitted LO were delivered through two 
separate standard single-mode fiber (SSMF) spools. For the 40- and 80-
km transmission experiments, fiber spool pairs with lengths of (40.01 
km, 40.42 km) and (80.43 km, 81.72 km) were employed for the signal 
and LO paths, respectively. The phase mismatch caused by the path-
length difference was not compensated. The received signal and LO 
power were controlled by VOA2 and VOA4, respectively, to assess 
the power budget. Subsequently, the LO was amplified by EDFA2 and 
further adjusted using VOA5 to evaluate the impact of the receiver-
side LO splitting, which can reduce the shot-noise dominance of the 
coherent receiver. After the signal was mixed with the transmitted 
LO, it was detected by two BPDs and sampled by a digital sampling 
oscilloscope (DSO) (sampling rate = 256 GSample/s, bandwidth = 
40 GHz). In offline DSP, the sampling timing was estimated using 
a matched filter, CD was compensated, and the PTBC signals were 
decoded.

To ensure shot-noise-dominant detection, a high LO power at the 
receiver is desirable. However, our experimental results revealed that 
when the LO launch power exceeded 6 dBm, high received LO power 
could not be achieved after 40- and 80-km SSMF transmission due to 
SBS. As shown in Fig.  4(a), when the output power of the 1549.7-nm 
laser was increased from 0 dBm to 12 dBm without fiber transmission, 
the optical spectrum retained its shape, with only the power increasing 
proportionally. In contrast, once the LO was transmitted through the 
40- and 80-km fiber, new frequency components due to SBS emerged 
for launch powers exceeding 6 dBm, as shown in Figs.  4(b) and 4(c), 
respectively. Further measurements of the received optical power after 
40- and 80-km SSMF showed that increasing the launch power beyond 
8 dBm no longer led to an increase in received power, indicating 
saturation caused by SBS (see Figs.  4(d) and 4(e)). The insertion loss 
remained nearly constant for launch powers below 6 dBm. Based on 
these observations, the launch power was set to 6 dBm to avoid nonlin-
ear effects. However, when the 6-dBm LO was transmitted over tens of 
kilometers of fiber and subsequently split for multi-lane detection, shot-
noise dominance can no longer be maintained. Therefore, an optical 
amplifier (EDFA2) was required at the receiver to boost the LO power.

We evaluated the BER performance for the 120-Gb/s PTBC-16QAM 
signals using the available components, as illustrated in Fig.  5(a). The 
tap lengths of the PTBC decoder were set to 11, 17, and 23 for the 
back-to-back, 40-km, and 80-km transmission cases, respectively. In 
the back-to-back case, a directly split 10.4-dBm laser output was used 
as the LO without EDFA2, achieving a receiver sensitivity (at a BER 
of 10−2) of −32.3 dBm. For the 40- and 80-km transmission cases, 
the LO launch power was set to 6-dBm and subsequently amplified to 
10.4-dBm using the EDFA2 at the receiver side. After 40- and 80-km 
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Fig. 4. (a) Optical spectra of the transmitted LO measured at various fiber launch powers. Optical spectra of the received LO after (b) 40-km and (c) 80-km SSMF 
transmission, respectively, at various fiber launch powers. Received LO power and corresponding insertion loss after (d) 40-km and (e) 80-km SSMF, respectively, 
as a function of the transmitted LO power.
Fig. 5. (a) BER performance of the 120- and 240-Gb/s PTBC-16QAM signals over back-to-back, 40-, and 80-km links using a directly split 10.4-dBm LO. (b) 
Optical spectra of 240-Gb/s signals after 80-km SSMF transmission at different fiber launch powers. (FEC: forward error correction).
transmission, the receiver sensitivity degraded by 0.3 dB and 0.6 dB, 
respectively, primarily due to the LO OSNR degradation. Similarly, the 
BER performance for the 240-Gb/s signals was investigated. The PTBC 
decoder tap lengths were configured as 19, 25, and 31 for the back-to-
back, 40-km, and 80-km transmission cases, respectively. As with the 
120-Gb/s back-to-back experiment, the directly split 10.4-dBm LO was 
used without EDFA2. For the 80-km case, the signal was amplified to 
6 dBm at the transmitter using the EDFA1 to evaluate the BER per-
formance down to −22 dBm, as shown in Fig.  5(a) and to compensate 
for the high insertion loss (up to 15 dB) of the employed DP-IQM (ID 
Photonics, OMFT class 60), ensuring a sufficient link budget. As shown 
in Fig.  5(b), the effect of SBS on the 240-Gb/s signal was negligible, and 
the use of EDFA1 had little effect on the BER performance. The receiver 
sensitivity penalties after 40- and 80-km transmission were measured 
to be 0.7 dB and 1.2 dB, respectively, exhibiting a trend similar to that 
of the 120-Gb/s measurements.

We investigated the impact of the EDFA input LO power on BER 
performance under back-to-back conditions, as shown in Figs.  6(a) 
and 6(b). For this test, the EDFA’s output LO power was fixed at 
10.4 dBm, and the PTBC decoder tap lengths for the 120- and 240-
Gb/s signals were set to 11 and 19, respectively. For the 120-Gb/s 
4 
signal, the receiver sensitivity at a BER of 10−2 was measured to be 
−31.9 dBm when the EDFA input LO power was −10 dBm. As the 
input power decreased, the sensitivity gradually degraded due to the 
reduced LO OSNR of < 43 dB, lower than the transmitter-side OSNR of 
63 dB. For the 240-Gb/s signal, a baseline sensitivity penalty of 3.2 dB 
was observed at a high LO input power of −10 dBm compared to the 
120-Gb/s case, primarily due to the doubled data rate. However, as 
the input LO power was reduced to −22 dBm, an additional penalty 
arising from the OSNR degradation was superimposed on the data-rate 
penalty, increasing the total measured penalty to 4.1 dB. As shown 
by comparing Figs.  6(a) and 6(b), the overall degradation trend as a 
function of the EDFA input LO power for the 240-Gb/s case was similar 
to that of the 120-Gb/s case.

Next, we experimentally examined the impact of the amplified 
LO output power on the BER, with the EDFA input power fixed at 
−15 dBm, as shown in Figs.  6(c) and 6(d). For the 120-Gb/s signal, 
the receiver sensitivity remained constant at −31.1 dBm for LO output 
powers between 9 dBm and 13 dBm, as shown in Fig.  6(c). These 
results indicated that the BER performance saturated when the EDFA 
output LO power exceeded 9 dBm, suggesting that shot-noise-dominant 
reception was achieved above this threshold. Conversely, when the 
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Fig. 6. BER performance of the PTBC-16QAM signals under back-to-back conditions: BER curves for the (a) 120-Gb/s and (b) 240-Gb/s signals as a function of 
the EDFA input LO power, with the output power fixed at 10.4 dBm; and for the (c) 120-Gb/s and (d) 240-Gb/s signals as a function of the EDFA output LO 
power, with the input power fixed at −15 dBm.
Fig. 7. (a) Receiver sensitivities (at a BER of 10−2) for 120- and 240-Gb/s PTBC-16QAM signals as a function of the EDFA input LO power under various 
transmission distances. (b) Receiver sensitivities for the same signals as a function of the EDFA output LO power under various transmission distances.
EDFA output LO power dropped below 9 dBm, a gradual degradation 
in BER performance was observed. A similar trend was also found for 
the 240-Gb/s signal, as shown in Fig.  6(d).

Fig.  7(a) illustrates the receiver sensitivities (at a BER of 10−2) of 
the 120- and 240-Gb/s PTBC-16QAM signals as a function of the input 
LO power to the EDFA. The EDFA output power was fixed at 10.4 dBm. 
The tap lengths of the PTBC decoder for the 120-Gb/s signals under the 
back-to-back, 40-km, and 80-km transmission conditions were 11, 17, 
and 23, respectively, while those for the 240-Gb/s signals were 19, 25, 
and 31. Both data rates exhibited similar trends: when the input LO 
power was greater than −14 dBm, the sensitivity penalty was marginal 
under the back-to-back conditions. However, as the input LO power 
5 
decreased below this threshold (corresponding to an LO OSNR below 
39 dB), the receiver sensitivity degraded at a rate of approximately 
0.5 dB/dB. For both the 120- and 240-Gb/s signals, 80-km transmission 
resulted in an additional receiver sensitivity penalty of approximately 
0.3–0.9 dB, which was consistently observed compared to the back-to-
back condition. Fig.  7(b) illustrates the receiver sensitivities of the 120- 
and 240-Gb/s signals as a function of the output LO power from the 
EDFA. The EDFA input power was set to −15 dBm, and the back-to-
back results were extracted from Figs.  6(c) and 6(d). When the output 
LO power exceeded 10 dBm, the receiver sensitivities remained nearly 
constant. However, when the output power dropped below this level, 
the receiver sensitivity degraded linearly with the output LO power 
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Fig. 8. Estimated power budget as a function of laser output power for the transmission of (a) a 120-Gb/s signal over 80-km SSMF, (b) a 240-Gb/s signal over 
40-km SSMF, and (c) a 240-Gb/s signal over 80-km SSMF.
at a rate of approximately 0.5 dB/dB primarily due to the reduced 
shot-noise dominance [23].

4. Analysis of the number of signal lanes per LO lane

To achieve high transmission efficiency, it is desirable to increase 
the number of signal lanes that can be detected using a single LO 
lane. This can be evaluated by analyzing the power budget, which is 
expressed as 

𝑃budget =

⎧

⎪

⎨

⎪

⎩

𝑃SBS,th − 𝐿mod − 𝐿f iber − RS , 𝑃LD ≥ 𝑃SBS,th + 3.5 log2 𝑁

𝑃LD − 3.5 log2 𝑁 − 𝐿mod − 𝐿f iber − RS , 𝑃LD < 𝑃SBS,th + 3.5 log2 𝑁

(6a)

RS = RSsat − 0.5min[𝑃LO,OAout − PLO,OAout,sat , 0]

−0.5min[𝑃LO,OAin − PLO,OAin,sat , 0],
(6b)

where 𝑃SBS,th is the SBS threshold power, 𝑃LD is the output power of 
the LD, and 𝑁 is the total number of split lanes at the transmitter, 
including all signal lanes and one LO lane. 𝐿mod denotes the total loss 
of the DP-IQM, including both insertion and modulation losses, and 
𝐿f iber is the transmission loss. All power terms in Eq. (6) are expressed 
on a decibel scale. RS represents the effective receiver sensitivity. As 
shown in Figs.  4(d) and 4(e), the received LO power did not increase 
further when the transmitted LO power exceeded 6 dBm due to SBS. 
We also maintained the signal power below 6 dBm to mitigate fiber 
nonlinearities, such as self-phase modulation. The power per lane at 
the transmitter output is calculated as (𝑃LD − 3.5 log2 𝑁), assuming the 
LO launch power is limited below 𝑃SBS,th. The splitting loss was set 
to 3.5 dB per split to account for practical implementation losses. For 
simplicity, it is assumed that the signal and LO are split with equal 
optical power at the transmitter. In addition, as shown in Figs.  7(a) and 
7(b), increasing either the LO power launched into the receiver-side OA 
or the amplified LO power at its output does not further improve the 
receiver sensitivity beyond a certain point. The corresponding satura-
tion powers at the input and output of the OA are denoted as 𝑃LO,OAin,sat
and 𝑃LO,OAout,sat , respectively, and the corresponding receiver sensitivity 
at saturation is denoted as RSsat . The receiver sensitivity penalty was 
empirically derived from the experimental results in Figs.  7(a) and 7(b), 
as expressed in Eq. (6b).

We evaluated the power budget using the parameters summarized in 
Table  1. The insertion loss of the DP-IQM was set to 9 dB, based on the 
typical loss of commercially available single-polarization IQMs (5–7 dB) 
and an additional connection loss of 2 dB from two PBSs. The modula-
tion loss was set to 5 dB, assuming that two SRRC-filtered electrical 
four-level signals with amplitudes of 1.2𝑉𝜋 were applied to the DP-
IQM. By varying the roll-off factor of the SRRC filter from 0.1 to 1, the 
6 
Table 1
Parameters used for power budget analysis.
 Parameter Value  
 𝑃SBS,th 6 dBm  
 Insertion loss of DP-IQM 9 dB  
 16QAM modulation loss 5 dB  
 Fiber loss parameter 0.2 dB/km  
 𝑃LO,OAin,sat −14 dBm  
 𝑃LO,OAout,sat 10 dBm  
 RSsat for 120-Gb/s 16QAM −31.3 dBm 
 RSsat for 240-Gb/s 16QAM −27.5 dBm 

resulting modulation loss was calculated to range from 3.3 to 4.8 dB. 
All other parameters were extracted from our experimental results. Fig. 
8(a) shows the calculated power budget for the transmission of 120-
Gb/s PTBC-16QAM signals over 80 km of SSMF. The case of 𝑁 = 8
was examined in more detail. When the LD power was below 16.5 dBm 
(i.e., the LO launch power was lower than the SBS threshold), the power 
budget decreased in the same proportion as the LD power. However, 
when the LD power dropped below 12.5 dBm (i.e., the received LO 
power of 𝑃LO,OAin was lower than 𝑃LO,OAin,sat = −14 dBm), the budget 
degraded more steeply, decreasing by 1.5 dB for every 1 dB drop in 
LD power. This increased degradation was attributed to the decrease 
in receiver sensitivity. Based on this analysis, 15 and 31 signal lanes 
could be supported by a single LO lane when the LD powers were ≥
15.2 dBm and ≥ 20 dBm, respectively. Figures Figs.  8(b) and 8(c) show 
the calculated power budget for the transmission of 240-Gb/s PTBC-
16QAM signals over 40- and 80-km SSMF, respectively. For the 40-km 
case, LD powers of at least 10.5 dBm and 15.8 dBm were required to 
support 15 and 31 signal lanes, respectively. For the 80-km case, LD 
powers of at least 13.3 dBm and 18.5 dBm were required to support 7 
and 15 signal lanes, respectively.

5. Summary

We proposed a shared LO-based coherent-lite architecture for > 100-
Gb/s metro networks with an 80-km reach. In this scheme, a single 
remote LO is transmitted and subsequently amplified at the receiver 
to serve multiple signal channels, increasing fiber utilization efficiency 
from 1∕2 to (𝑁 − 1)∕𝑁 , where 𝑁 is the total number of split branches. 
This receiver-side amplification strategy effectively circumvents SBS 
limitations associated with high-power transmission. Additionally, we 
utilized the Alamouti PTBC scheme to enable the use of a single-
polarization receiver. This combination of PTBC and the self-coherent 
scheme allows for the removal of CPE taps in the decoder.

We experimentally validated the feasibility of the proposed system 
by transmitting 120- and 240-Gb/s PTBC-16QAM signals over up to 
80 km of SSMF. In the experiment, the launch power of the LO was 
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kept below 6 dBm to mitigate SBS. The receiver sensitivity (at a 
BER = 10−2) degraded at a rate of 0.5 dB/dB when the received LO 
power at the EDFA input fell below −14 dBm, primarily due to the 
reduced LO OSNR. Similarly, a degradation rate of 0.5 dB/dB was 
observed when the amplified LO power at the output dropped below 
9 dBm, which was attributed to the reduced shot-noise dominance. 
We presented a comprehensive power budget analysis based on this 
sensitivity degradation rate. According to this analysis, assuming a 
realistic modulator loss of 9 dB and a 16-dBm LD output power, a 
single LO can support up to 15 (for 120 Gb/s) and 7 (for 240 Gb/s) 
signal lanes for 80-km transmission, corresponding to fiber utilization 
efficiencies of 93.8% and 87.5%, respectively.
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