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counting. The intensity decision threshold for 16-QAM 
signals was set to the mean amplitude of all samples. 
Finally, the bit error ratio (BER) was calculated from 
sequences containing about 1M symbols using the sum 
of errors in all of the 3 and 4 bits per symbol for 8-PSK 
and 16-QAM, respectively. 

Experimental investigations and results 
Figure 2 shows the three investigated transmission 
sections, which differ with respect to length of the GI-
MMFs and the number of FC/PC connectors. 
 
 
 
 
 
Fig. 2: Investigated transmission sections 

 

For the first transmission experiment, 400 m of the high 
bandwidth GI-MMF was used as fibre under test 
(section A in Fig. 2). The spooled fibre was assembled 
with standard FC/PC connectors. Transmitter and 
receiver were directly connected to the GI-MMF via 
SMF patch cords with standard FC/PC connectors. The 
launch power into the GI-MMF was chosen to 0 dBm. 
The transmission over 400 m GI-MMF and the mode 
filtering by the MMF-to-SMF coupling resulted in an 
overall attenuation of 3 dB. Figure 3 shows the measured 
BER versus bit rate for transmission of 16-QAM and 8-
PSK through section A. For transmission of 160 Gbaud 
16-QAM and 8-PSK through section A, BERs of 1.3·10-3 
and 2.5·10-5 were measured, respectively. 
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Fig. 3: BER versus bit rate for 16-QAM and 8-PSK 
transmission through sections A, B and C 

In a second experiment, the influence of connectors 
within the transmission path was investigated. Therefore, 
the 400 m GI-MMF was replaced by two pieces of 
200 m GI-MMF (section B in Fig. 2), which were 
connected by standard FC/PC connectors. The BER 
measurements for this section resulted in no significant 
BER degradation (s. Fig. 3). In addition, transmission 
over 800 m GI-MMF (section C) that consisted of 3 
pieces of GI-MMF, with lengths of 400 m, 200 m and 
200 m, was investigated. BER versus bit rate after 
transmission through section C is also shown in Fig. 3. 
The additional two connectors and 400 m GI-MMF in 

comparison to section A resulted in a BER degradation 
of approximately one order of magnitude for 16-QAM 
for bit rates of up to 640 Gb/s. For 8-PSK, the measured 
BER penalties, in comparison to section A, were less 
than half an order of magnitude. In Fig. 4, the received 
constellation diagrams are shown for 1.28 Tb/s and 
640 Gb/s 16-QAM transmission through section C. 
Figure 5 shows constellation diagrams for 960 Gb/s and 
480 Gb/s 8-PSK after transmission through section C. 
 
 
 
 
 
 
 
Fig. 4: IQ-plots of 1.28 Tb/s (left) and 640 Gb/s (right) 
16-QAM after transmission through section C 
 
 
 
 
 
 
 
 
 
Fig. 5: IQ-plots of 960 Gb/s (left) and 480 Gb/s (right) 8-PSK 
after transmission through section C 

Conclusions 
Considering an UFEC limit of BER Ò 2·10-3

,
 we 

demonstrated error free transmission of 1.28 Tb/s Star-
16-QAM and 960 Gb/s 8-PSK (including UFEC 
overhead) over 400 m and 800 m of spooled GI-MMF, 
respectively, using optical time division multiplexing 
and de-multiplexing, coherent detection and offline BER 
estimation. Further improvement with respect to 
transmission distance and bit rate could be achieved by 
applying mode-field matched centre launching as well as 
improved signal processing algorithms. For practical 
application, further investigations have to be carried out 
on already installed high bandwidth GI-MMF. 
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