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Abstract: In recent years, with the availability to the general public of Large Language Models
(LLMs), we have seen an unprecedented pressure on the development of datacenters. Training
LLMs over thousands of GPUs requires parallel computation and communication: it imposes to
efficiently scale capacity, size and power consumption. Photonic technologies are needed to keep
up with these trends. An area of applications where optical links have already been successfully
employed are the intra-datacenter connections. Short links connecting spine switches, leaf
switches and server racks, are nowadays usually based on multi-mode fibers (MMF) and vertical
cavity surface emitting laser (VCSEL) sources. Solutions with 100G per lane are becoming
commercially available, also for short wavelength division multiplexing (SWDM) systems, but
there is a push towards higher rates. To keep up with the increased throughput demand, 200G per
lane is expected to be next step, but this poses new challenges in the design and fabrication of the
transceiver (TRX). In this paper, we define requirements for the next-generation 200G TRXs,
considering different options for the modulation format and the equalization strategy, and we
validate them with a statistical study over a large set of OM3 and OM4 fibers. We show that the
maximum reach can be 20 m and 30 m, respectively for OM3 and OM4, on all wavelengths of
the SWDM.

1. Introduction

The availability to the general public of AI-powered applications, such as LLM, is leading to an
unparalleled growth of computing capacity required by hyper-scale datacenters. The training of
LLMs with a huge amount of coefficients, now in the order of trillions, requires to interconnect in
parallel thousands of GPUs: this becomes the main challenge to scale up such clusters. Optical
connectivity is already an answer for short-reach links. Solutions based on directly modulated
vertical-cavity surface-emitting laser (VCSEL), both in the form of active optical cables (AOC)
and pluggable transceivers (TRX), are already available for connections based on multi-mode
fibers (MMF). With most of the links shorter than 30 m and currently representing about 40%
of connections inside datacenters, this type of solutions relying on MMFs and VCSELs are
envisioned to remain in the same proportion in the next few years [1]. Fig. 1 illustrates the typical
datacenter architecture with the different types of short links that can be found: Top-of-Racks
(ToR) to servers, ToR to leaf switches and leaf switches to spline switches.

Today’s generation of transceivers deploy 100 Gbps per lane (𝜆) on four levels pulse amplitude
modulation (PAM4) systems, exploiting both one-directional and bi-directional links. To deliver
higher throughput, short wavelength division multiplexing (SWDM) is deployed over four
wavelengths, corresponding to 400 Gbps total net bit rate [2]. However, the urgency of higher
speeds ≥200 Gbps/𝜆 [3,4] is reflected in the efforts of the standardization bodies (IEEE P802.3df
and IEEE P802.3dj) and in the technology progresses necessary to keep up with the market
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Fig. 1. Datacenter architecture: the links, based on multi-mode fibers, are represented
in red.

needs, but not without obstacles. In [5], a 200 Gbps (actually 187 Gbps net-data rate) single-line
transmission was demonstrated for the first time using a 850 nm VCSEL and PAM4 over 100 m
OM4 MMF. In this experiment, an advanced digital signal processing (DSP) was implemented,
including noise cancellation with maximum likelihood sequence equalizer (MLSE), non-linearity
equalizer and partial response to avoid band-limitation problems. However, because of the large
statistical variability of MMF, even an experimental demonstration over a single fiber instance is
not significant.

As a matter of fact, because of the larger symbol rates targeted, the main challenge resides in
the development of faster VCSELs. This may require a complete rethinking of the devices in
terms of design and manufacturing. In [6], a lithographic aperture VCSEL with bandwidth larger
than 29 GHz was demonstrated for the first time to improve the current 100G VCSEL generation.
Compared to state-of-the-art oxide-confined VCSELs, the absence of the oxide in the fabrication
process allows more flexibility in the parasitics optimization, making these lithographic aperture
VCSELs potentially suitable for 200 Gbps/𝜆 transmissions. At the same time, also photodiodes
at the receiver (RX) side are required to be fast. The design and fabrication of a 46-GHz 850 nm
photodetector was presented in [7], proving the feasibility of high-speed photodiodes.

Other factors limiting the data-rate speed are the relative intensity noise (RIN) of the VCSEL
and the input referred noise density (IRND) of the transimpedance amplifier (TIA) placed after
the photodiode. For this reason, research trends are focusing in reducing the levels of RIN and
IRND in commercial devices. In [8], a 106.25 Gbps PAM4 850 nm VCSEL suitable for mass
production was demonstrated with a low RIN of -150 dBe/Hz at room temperature and flat
frequency response with 27 GHz of -3dB bandwidth. Another example of an improved low-RIN
850 nm oxide-confined VCSEL with 4 𝜇m circular aperture was reported in [9] for 106.25 Gbps
PAM4 transmissions. Thanks to the optimization of the epitaxial structure of the VCSEL, the
authors show RIN levels below -150 dBe/Hz at 25°C depending on the bias current. Regarding
the IRND, levels down to 16.3 pA/

√
Hz are claimed in [10] for a high bandwidth TIA.

We have seen promising technological advances for the TRX, nevertheless they were shown just
for back-to-back (BtoB) configurations or for specific combinations of VCSEL and MMF fiber.
These are limited scenarios, as the nature of VCSEL-MMF links shows large statistical variability
due to fabrication process responsible for substantial change in the modal group dispersion, that
can significantly affect the system performance. An extensive statistical analysis of SWDM
systems running at 100 Gbps per lane over a large dataset of OM3 and OM4 multi-mode fibers
coupled with 8 different VCSEL sources was reported in [11]. Specifically, the system under
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Fig. 2. Simulation setup considered for the analysis of transceiver requirements
enabling 200 Gbps/𝜆. DAC: digital-to-analog converter; RIN: relative intensity noise;
𝑅: photodiode responsivity; IRND: input referred density noise; ADC: analog-to-digital
converter.

study was a 400 Gbps net-rate SWDM system transmitting PAM4 on four lanes. Results showed
that the reach of the overall SWDM system was limited by the channel operating at the longest
wavelength, i.e. 940 nm, due to the stronger modal group dispersion. However, transmissions
above 100 m were demonstrated as feasible.

Considering that the definition of the new standard for next-generation short links is still
on-going, it would be useful to investigate all possible solutions to determine the most suitable
and cost-effective one to transmit at 200 Gbps/𝜆. With this purpose, in this paper we extend
the analysis presented in [12] on the investigation of the transceiver requirements, in terms of
bandwidth and noise levels, with a particular focus on their impact at the system level performance,
taking into account the statistical behavior of VCSEL-MMF links. Specifically, we consider
a SWDM VCSEL-MMF system based on four lanes (850 nm, 880 nm, 910 nm and 940 nm),
each targeting 200 Gbps net-rate transmission. The analysis is carried out through time-domain
simulations for three different pulse amplitude modulation (PAM) formats: PAM4, PAM6 [13]
and PAM8. Two different adaptive equalization strategies, feed-forward equalizer (FFE) and
MLSE, are tested. We assume the presence of a multiplexer/demultiplexer (MUX/DEMUX) with
at least −20 dB attenuation outside the pass-band to eliminate all possible undesired crosstalk
effects, so that each wavelength can be simulated independently. To reduce the computational
time and the complexity analysis in the initial phase dedicated to the definition of the TRX
requirements, the VCSEL-MMF channel is emulated through a low-pass filter (LPF).

The paper is organized as follows. In Section 2, the simulation setup is described. More
details on the equivalent LPF emulating the VCSEL-MMF channel are provided in Section 3,
while the TRX requirements are investigated in Section 4. Afterwards, given the defined TRX
requirements, Section 5 reports the statistical study over a large dataset of VCSEL-MMF links
working at 200 Gbps/𝜆, validating the results obtained under the LPF assumption. Finally, the
conclusions are drawn in Section 6.

2. Simulation model and setup

Fig. 2 shows the simulation setup considered for the definition of the TRX requirements for 200
Gbps/𝜆 solutions. In this analysis, we assume enhanced forward error correction (E-FEC) coding
with a 10.35% overhead defining a target bit error rate (𝐵𝐸𝑅𝑇 ) of 4 · 10−3. Thus, applying the
FEC overhead, the resulting gross bit rate per wavelength is 220.7 Gbps. Similarly to [11], our
setup is composed by five blocks. In the digital transmitter (TX), a random pattern generator
is used to generate the bits that are then mapped into PAM4, PAM6 or PAM8 formats. For the
VCSEL model, we assume a linear electro-optical mapping with 3 dB extinction ratio (ER), a
reasonable value for a worst case analysis. Flat RIN, modeled as a white Gaussian noise random
process, is added to the signal, which is then filtered by the frequency response of the VCSEL
(HVCSEL ( 𝑓 )). The MMF channel is modeled according to [14], including the mode-coupling
between VCSEL and MMF, chromatic dispersion and modal group dispersion.



At the RX side, the received optical power (ROP) level of the signal is set to -1.75 dBm,
corresponding to a worst case scenario. Then, the signal is detected by a PIN photodiode with
typical responsivity of 𝑅=0.5 A/W [7,15] and filtered by the frequency response given by the
cascade of the PIN and of the TIA (HPIN+TIA ( 𝑓 )), modeled by an 8𝑡ℎ order Butterworth filter.
Noise sources are represented by shot noise and by thermal noise, defined by the IRND. To
counteract bandwidth limitation effects introduced by the MMF channel and the devices present
in the chain, the received digital signal is equalized using one of the two adaptive equalization
schemes mentioned above. Like in [11], we consider a 𝑇/2-spaced FFE with 20 taps, optionally
followed by a 16-states MLSE. In particular, a noise whitening algorithm is implemented to
improve the MLSE performance [16]. After symbol demapping, error counting is performed to
determine the overall bit error rate (BER).

As discussed in the Introduction, in short reach intra-datacenter links based on VCSEL-MMF,
the scaling up of the bitrate towards 200G is limited by the performance of some specific
components. For what concerns the transmitter, the limiting device is the VCSEL source, in
particular the available −3 dB bandwidth of HVCSEL ( 𝑓 ) and the level of the RIN. At the receiver,
both PIN and TIA have an impact: it is represented by the available −3 dB bandwidth of the
transfer function HPIN+TIA ( 𝑓 ). Regarding the noise, the impact of the shot noise is very little, so
it can be considered negligible. Instead, the thermal noise is one of the limiting factors of system
performance.

Also, the MMF channel plays a central role, as it is responsible of major bandwidth limitation
effects, caused by modal group and chromatic dispersion [17]. These effects become stronger
as the fiber length increases. At the same time, we have seen that, since the MMF channel is
characterized by a large stochastic variability, mainly due to the MMF fabrication process and in
the mode-coupling with the VCSEL, the assessment of system performance requires an extensive
statistical analysis over a large set of links.

3. Emulation of the VCSEL-MMF link through a low-pass filter

In this analysis, we consider 9 different VCSELs, characterized experimentally in our laboratory
following the same spectral-spatial procedure presented in [11]. Then, such source are coupled
with the dataset presented in [11], composed of OM3 (16467 fibers) and OM4 (3766 fibers), for
a total of 20233 fibers. For all the four SWDM wavelengths and for each combination of VCSEL
and MMF fiber, we compute the channel transfer function HMMF (f) at the desired distance [14].
To give an idea of the statistical variability, we evaluate the -3dBo bandwidth for 30 m long

links. The inverse cumulative distribution function (iCDF), representing the percentage of all
generated links delivering a bandwidth lower or equal to a defined level, is shown in Figs. 3(a)

(a) (b)

Fig. 3. Inverse cumulative distribution functions (iCDFs) in percentage of the -3dBo
bandwidths of the generated links at 30 m for the four wavelength in case of: (a) OM3
and (b) OM4.



(a) (b)

Fig. 4. Normalized transfer functions of the LPFs representing the 99% of links
generated at different wavelengths for 30 m distance in case of: (a) OM3 and (b) OM4.

and 3(b), respectively for OM3 and OM4. In this specific case, the -3dBo bandwidth guaranteed
by the 99% of links are: 61.5 GHz, 53.8 GHz, 44.1 GHz and 35.7 GHz for 850 nm, 880 nm,
910 nm and 940 nm, respectively, in case of OM3. Instead, in case of OM4, their values are
larger: 93.2 GHz, 74.4 GHz, 56.2 GHz and 42.2 GHz, for 850 nm, 880 nm, 910 nm and 940 nm,
respectively. These results confirm that, in general, the channel at 940 nm is the one most affected
by MMF fiber propagation and that limits the overall SWDM system performance.

However, the application of the statistical approach proposed in [11] jointly with the optimization
of TRX parameters to define requirements for 200 Gbps/𝜆 is unpractical because of the huge
computational time necessary. To overcome this issue, we resort to a deterministic approach
emulating the VCSEL-MMF link through a low-pass filter (LPF), but still taking into account
the statistical behavior of VCSEL-MMF links. Specifically, the cut-off frequency of the LPF
is set to be equal to the bandwidth guaranteed by the 99% of links. For this analysis, after
testing different LPFs, our choice has fallen on the Gaussian low-pass filter. For reference, in
Figs. 4(a) and 4(b), respectively for OM3 and OM4 fibers, we illustrate the transfer functions of
the Gaussian LPFs generated at different wavelengths for 30 m links, i.e. considering the -3dBo
bandwidth mentioned above.

4. Definition of transceiver requirements

In this section, we define the transmitter and receiver requirements in terms of bandwidth and
noise level to make 200 Gbps/𝜆 transmissions possible. The analysis is carried out comparing
the performance of the three considered PAM formats (PAM4, PAM6 and PAM8) and the two
adaptive equalizers (FFE and MLSE).

4.1. Definition of bandwidth requirements

To reduce the number of degrees of freedom in the process, we consider to have same −3dB
bandwidth available for TX and RX (BWtrx). This assumption comes from the observation of
today’s available technology for 100G/𝜆 solutions, where TX and RX have similar bandwidths,
thus we assume this trend will be maintained in future generations.

For this analysis, we initially set the RIN and the IRND to fixed levels, selected based on values
reported in the literature for 100G devices [1, 8–10]: RIN=-148 dBe/Hz and IRND=18 pA/

√
Hz.

For each modulation format, equalizer and wavelength of the SWDM, we simulate the system
for different scenarios, sweeping the 𝐵𝑊𝑡𝑟 𝑥 as a function of the distance, and we compute the
BER. After that, we determine the maximum distance as the distance that guarantees BER below
𝐵𝐸𝑅𝑇 = 4 · 10−3.

The results are reported in Fig. 5 in case of OM3 fibers for different PAM formats and adaptive
equalizers, where the maximum distance at the 𝐵𝐸𝑅𝑇 is plotted as a function of the TRX -3dB
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Fig. 5. Maximum distance at 𝐵𝐸𝑅𝑇 = 4 · 10−3 in case of OM3 fibers as a function of
the TRX -3dB bandwidth for the four SWDM wavelengths transmitting at 200G net
rate. Results for different PAM formats and adaptive equalizers are shown.

(a) (b) (c)

(d) (e) (f)

Fig. 6. Maximum distance at 𝐵𝐸𝑅𝑇 = 4 · 10−3 in case of OM4 fibers as a function of
the TRX -3dB bandwidth for the four SWDM wavelengths transmitting at 200G net
rate. Results for different PAM formats and adaptive equalizers are shown.

bandwidth. Looking at Fig. 5(a), we can see that PAM4 with FFE requires very large TRX
bandwidth (BWtrx >45 GHz), already for BtoB scenario, making it an unpractical solution. In
case of PAM6 (Fig. 5(b)), BtoB transmissions are enabled by BWtrx =40 GHz, however to reach
useful distances, larger bandwidths are required. In particular, to reach 30 m on the worst
wavelength (940 nm), the TRX bandwidth should be of the order of 60 GHz: this is a too large
value to be feasible in real devices, at least with the current available technology. Instead, if we
consider PAM8, we can observe that in BtoB conditions the required bandwidth is mitigated by
the high order constellation that has a narrow spectrum. But then the maximum distance Lmax



shows an asymptotical behavior with respect to the increase of BWtrx. This behavior can be
explained considering that, because of the higher cardinality, PAM8 is less tolerant than PAM4
and PAM6 to the amount of noise introduced by wideband devices. Improving the bandwidth is
no longer beneficial to PAM8, and the 30 m distance target cannot be reached at 940 nm. With a
reasonable BWtrx =40 GHz, only 20 m can be achieved. Nevertheless, if there are constraints in
using a simple equalizer like the FFE, PAM8 is the only solution capable of going beyond the
BtoB thanks to the narrower TRX bandwidths required. This good performance of PAM8 is due
to the lower symbol rate, given the same bit rate, so that bandwidth limitations introduced by
TRX and MMF channel are less detrimental.

A significant reduction of TRX bandwidth requirements is observed when the MLSE is
employed (Figs. 5(d)-(f)), paying the price of a more complex and sophisticated equalizer, which
might be problematic especially in case of higher order modulation formats. With MLSE the
three modulation formats show similar performance: at 940 nm they are all able to reach 30 m
with a required bandwidthBWtrx =45 GHz.

The same analysis is repeated for the set of OM4 fibers. The results are reported in Fig. 6.
As expected, less stringent TRX bandwidth requirements are needed to reach longer distances,
in particular for transmissions at shorter wavelengths. At 940 nm instead, performance is just
slightly better than OM3. As a matter of fact, OM4 fibers are characterized by a higher effective
modal bandwidth (EMB), since they have been selected to have a lower modal dispersion than
OM3. Consequently, the bandwidth limitation effect introduced by the MMF channel is less
detrimental with respect to OM3 fibers. Also here the MLSE shows similar performance over the
three modulation formats: ∼30 m are achieved by the channel at 940 nm when BWtrx =40 GHz.

Given the obtained results, a good compromise of TRX bandwidth and transmission reach is
obtained when BWtrx =40 GHz. With distances up to 20 m for OM3 and 30 m for OM4 over the
whole SWDM, this value is not unfeasible and devices with such performance transmitting at
200 Gbps/𝜆 could become available in the medium-near term.

4.2. SWDM systems tolerance against different TRX noise levels

As the TRX bandwidth assessment has been conducted setting specific values of RIN and IRND,
we now focus on the analysis of their impact on the SWDM system performance, assuming
BWtrx=40 GHz. We evaluate the maximum distances (Lmax) as a function of (RIN,IRND),
varying in the ranges [-150,-146] dBe/Hz and [15,20] pA/

√
Hz, respectively. This analysis is

performed only for the channel at 940 nm, being the one limiting the overall SWDM system
reach. The results are reported in Fig. 7 just for OM4 fibers, but similar trends occur in case of
OM3. For PAM4 and PAM6 we only consider MLSE, as we have already shown the limited
performance when applying the FFE.

Surprisingly, PAM4 with MLSE (Fig. 7(a)) and PAM8 with FFE (Fig. 7(c)) achieve quite
similar maximum distance, except in the top-right corner of the figures (RIN>-147 dBe/Hz and
IRND>19 pA/

√
Hz), where PAM8 significantly degrades since it is more sensible to noise. The

wider range of distances is shown by PAM8 with MLSE: from 10 m up to more than 42 m at the
RIN and IRND extremes. Nevertheless, concerning the robustness against higher noise levels,
interestingly PAM6 with MLSE is the most tolerant among the considered solutions, reaching
longer distances always above 22 m in the top-right corner of Fig. 7(b). This result makes PAM6
a compromise solution, thanks to the reasonable distances achieved and the lower complexity of
the MLSE than PAM8.

Focusing on our target distance of 30 m, if we move on the corresponding iso-curve in
Figs. 7(a)-7(d), different combinations of RIN and IRND still provide the 30 m reach. For
example, looking at Fig. 7(d), starting from the (RIN,IRND)=[-148,18.8] working point, which
is close to the one used in the previous analysis, we can observe the trade-off of accepting an
increased RIN if IRND is lowered: (RIN,IRND)=[-146,16.2]. This is interesting from the device
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Fig. 7. Maximum distance (Lmax) in meters at 𝐵𝐸𝑅𝑇 for OM4 at 940 nm as a function
of RIN and IRND assuming BWtrx=40 GHz: (a) PAM4 and MLSE, (b) PAM6 and
MLSE, (c) PAM8 and FFE, and (d) PAM8 and MLSE.

design and manufacturing point of view, as it might help the progress of the TRX improvement.
Indeed, it might be easier to reduce the RIN of the VCSEL instead of the IRND of the TIA, or
vice-versa.

5. Statistical analysis over large dataset of VCSEL-MMF links at 200 Gbps/𝜆

Once we have defined the TRX requirements, we proceed with the complete statistical study
to determine the maximum reach of the 4𝜆-SWDM system. This is an important step, as it
also represents the validation of the analysis carried out considering the LPF as MMF channel
emulator. The simulation setup is still the one depicted in Fig. 2, but now the channel is actually
described by the transfer function HMMF ( 𝑓 ). As settled in the previous section, RIN and IRND
are -148 dBe/Hz and 18 pA/

√
Hz, respectively, while BWtrx=40 GHz. Like in [11], for each

SWDM wavelength and for each combination of VCSEL and MMF, we perform time-domain
simulations evaluating the BER at different fiber lengths, ranging from LMMF=5 m to LMMF=100
m. Afterwards, the resulting BER versus LMMF curve is interpolated to determine the maximum
reach at the 𝐵𝐸𝑅𝑇 . Collecting all the maximum reach values in an iCDF, one for each wavelength,
we can compute the maximum distance Lmax guaranteed by the 99% of links.

The results are reported in Fig. 8 for both OM3 and OM4 and the two adaptive equalizers. We
also included for comparison the maximum distance obtained using the MMF channel emulated
by the Gaussian LPF. In general we can observe a very good agreement between the values
determined by the two approaches, with the exception of OM4+FFE (Fig. 8(c)), for which with the
LPF the maximum distance is slightly overestimated. This is a significant result, demonstrating
that this technique, based on the introduction of an equivalent LPF emulating the behavior of the
99% of VCSEL-MMF links, can be efficiently used for fast parameter optimization.

As already observed in Section 4, with this TRX setting, transmissions at 200 Gbps/𝜆 with
FFE are not possible using PAM4 and poor distances are reached by PAM6 (< 5 m). Instead,
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Fig. 8. Comparison of the maximum distance for the three PAM formats obtained
through statistical study (stat.) and assuming a low-pass filter (LPF) to emulate the
MMF channel in case of: (a) OM3 and FFE, (b) OM3 and MLSE, (c) OM4 and FFE,
and (d) OM4 and MLSE.

the best performance is given by PAM8: with OM3 fibers, distances >20 m are guaranteed by
the 99% of VCSEL-MMF links, while over OM4, distances >25 m can be reached by the entire
SWDM system and more than 50 m at 850 nm. Longer distances are enabled by the use of
MLSE (∼30-32% increase across the four wavelengths with respect to FFE), which results to be
particularly beneficial for PAM4 and PAM6, although PAM8 is still the best performing format.
However, like in [11], there is an unbalance in the distance achieved on the four wavelengths, but
this can possibly be managed through a variable rate approach [18, 19].

6. Conclusions

In this paper, we presented a detailed analysis of transceiver requirements needed to enable
200 Gbps/𝜆 transmission in SWDM systems for intra-datacenter connections based on VCSELs
and MMFs. The study was performed considering PAM4, PAM6 and PAM8 modulation formats
and two types of adaptive equalizers, FFE and MLSE.

In the initial phase, the MMF channel was emulated through an equivalent Gaussian low-pass
filter taking into account the statistical nature of VCSEL-MMF links. Setting noise levels (for
RIN and IRND) to practical values, -148 dBe/Hz and 18 pA/

√
Hz respectively, we showed that

with a transceiver bandwidth of ∼40 GHz, all three PAM formats used in combination with
MLSE can guarantee a reach of 20 m over OM3 and 30 m over OM4 fibers. Instead, the use of
FFE coupled with reasonable values of BWtrx allow to transmit over useful distances only with
PAM8.

In a second phase, we investigated the tolerance of the tested solutions to different RIN and
IRND noise levels, when setting the TRX bandwidth to 40 GHz. The results showed that a
solution allowed to reach longer distances with respect to the others depending on the levels
of noise introduced in the system: PAM6 with MLSE proved to be the most tolerant to high
RIN and IRND, whereas PAM8 with MLSE was the one allowing longer reach when RIN and
IRND are low. Indeed, thanks to the lower symbol rate, PAM8 is less affected than PAM6 by the
bandwidth limitation effects induced by the transceiver and by the MMF channel. At the same
time, with PAM6 the separation between the modulation format levels is larger. Thus, higher
values of RIN and IRND are less detrimental than for PAM8.

Interestingly, PAM4 with MLSE and PAM8 with FFE achieved similar performance, so the
choice between the two solutions would concern the complexity of the adaptive equalizer or
the complexity of the modulation format. In addition, regardless the modulation format or the
adaptive equalizer, a specific distance could be reached by different combinations of RIN and



IRND. This would allow more flexibility in the design and fabrication of next-generation TRXs,
with the possibility of by-passing possible technological hardware limitations.

Finally, for the defined TRX parameters, we performed an extensive statistical analysis over a
large set of OM3 and OM4 fibers that validated and confirmed the results obtained through the
simplified approach based on the use of a Gaussian low-pass filter to emulate the MMF channel.

In conclusion, our study allows to define the requirements for future generation of SWDM
systems based on 200 Gbps/𝜆. It gives directions for the choice of the equalization strategy
and for the improvement of devices constituting the transceiver. Moreover, it shows that with
these novel devices SWDM solutions can cover up to 30 m when using OM4 fibers. This is a
remarkable results for intra-datacenter connections as a very large portion of links fall in this
range and it could deliver 800G over a single fiber.
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