
  
Abstract—As the ink is drying on 5G New Radio (NR) standards, 

the industry is now setting its sight on specifying the transport 
network layer to support 5G deployments. Among the contending 
technologies tailored for 5G, passive optical networks (PONs) stand 
out as an attractive choice because of the point-to-multipoint 
topology for efficient use of fiber resources and the wide 
deployments around the world. In this paper, we review key 5G 
wireless transport standards, discuss optical access technologies 
and standards development activities, and finally, highlight several 
state of the art PON technologies.    
 

Index Terms—5G, Passive optical networks, time-division 
multiple access, wavelength-division multiple access. 
 

I. INTRODUCTION 
HE TRANSPORT network plays an essential role in 
successful 5G new radio (NR) deployments. Several 

contending technologies, for example point-to-point fiber 
access, passive optical network (PON), Flexible Ethernet, and 
optical transport network (OTN), are being proposed for 5G and 
discussed in standards bodies. Which of these technologies will 
be the most suitable one to meet the 5G demands? There is really 
no clear answer to this question because different operators have 
diverse business models and deployment plans. They will also 
need to make their decisions based on the technology maturity 
and market timing.  

As a start, we need to understand the key 5G requirements and 
how they would affect the transport network design, before 
discussing the transport technology choices. Among the 
contending technologies, PON stands out as a strong candidate 
because of its point-to-multipoint topology for efficient use of 
fiber resources and its wide deployment around the world for 
fixed access services. Since its introduction in late 1990s, the 
PON market has expanded rapidly to now serve over 100 million 
broadband subscribers worldwide. The global PON equipment 
revenues is projected to be $7.6 billion by 2022-2023 [1]. As 
such, it is advantageous for 5G wireless transport to share the 
fiber infrastructure with fixed access to save operational costs. 

In this paper, we review the current 5G wireless transport 
requirements, followed by an overview of optical access 
technologies and standards development activities specifically 
for 5G transport. And finally, we highlight a few state of the art 
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PON technologies.   

II. OVERVIEW OF 5G TRANSPORT  
In addition to faster speed and higher bandwidth than 

4G/LTE, 5G networks are designed to take advantage of cloud 
and virtualized network concepts and to support massive 
machine type communications. Here, we will discuss the 
fundamental changes in the 5G transport architecture, 
bandwidth and latency requirements, typical deployment 
scenarios, and recent progress on industry standards.  

A. 5G transport architecture 
Traditionally in a 4G/LTE radio access network (RAN), the 

transport network consists of two segments: 1) a backhaul 
segment between evolved packet core (EPC) and baseband unit 
(BBU) and 2) a fronthaul segment between BBU and remote 
radio head (RRH). This conventional fronthaul uses the CPRI or 
OBSAI protocol [2][3] to transport digitized IQ data at a 
continuous bit rate, regardless of whether user traffic is present. 
This is understandably not a very efficient mechanism. As a 
result, data rates well over 100 Gb/s can be expected in 5G 
networks if the same protocols are used. Another important 
factor is latency, which is limited to 250 μs in 4G for the 
maximum end-to-end (BBU-RRH) roundtrip time. This latency 
requirement is not a concern in 4G as BBU and RRH are directly 
connected by fiber at the same cell site. 

As we move forward to 5G, much focus is on a centralized/ 
cloud transport network to efficiently support a massive scale of 
connected devices. Ideally, all BBUs would be moved to a 
common location for centralized processing, leaving only RRHs 
at the cell sites with minimum power consumption. However, 
this is not possible in reality because of the high bandwidth and 
stringent low latency requirements. For example, for a 5G cell 
site with 32 antenna ports for 100 MHz radio channel 
bandwidth, the required CPRI bandwidth will be about 157 Gb/s 
[4]. The latency has to include propagation time through the 
transmission media (10μs/km round-trip delay in optical fiber), 
which limits the allowance for process delay.  

As a result, a new design has emerged [4] to mitigate these 
constraints while allowing for network centralization. The 
concept behind the new design is to redistribute the radio signal 
processing functions in EPC and BBU to new functional 
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elements, namely the next generation core (NGC), centralized 
unit (CU), distributed unit (DU), and radio unit (RU). The top 
part of Fig. 1 shows the functions in the radio signal processing 
chain and eight potential split options. Also shown in Fig. 1 
(bottom part) is the functional composition in BBU and RRH for 
4G LTE, as well as an example implementation for 5G.  

There are indeed many ways to implement the functional 
splits, each with its own merits and drawbacks. For example, 
Option 8 is the conventional 4G fronthaul interface, which 
allows full centralization of all Layer 1/2/3 processing functions. 
However, as mentioned earlier, this design demands very low 
latency and requires a continuous high bit rate for data transport.  

Options 1-7 offers a key differentiator in that the amount of 
data transported can scale with user traffic. This allows the 
transport network to dynamically adapt to traffic conditions and 
efficiently aggregate traffic from multiple cells, when shared 
media such as PON is used.  

On the other hand, Option 1 is a fully distributed RAN 
architecture, which enables edge computing and high 
throughput, but at the expense of high complexity in the DUs. 

See [5] for an in-depth review and analysis of the trade-offs 
among the different split options. 

The choice of specific split option would of course depend on 
each operator’s deployment decision. The industry has so far 
defined two general split points to address operators’ diverse 
requirements: a high layer split (HLS) point called Fronthaul-
II/Midhaul/F1 and a low layer split (LLS) point called 
Fronthaul-I/Fx [4][5][4][6]. The F1 interface has been specified 
by 3GPP at the Option 2 split, while Fx is still open and could 
be Option 7a, 7b, or 7c (see Table 1).  

 
 

 
 
Fig. 1. Evolving from 4G to 5G. Top: signal processing function chain. Bottom: 
functional composition of network elements for 4G LTE and an example 5G 
implementation. RRC: radio resource control, PDCP: packet data convergence 
protocol, RLC: radio link control, MAC: media access control, PHY: physical 
layer, RF: radio frequency. 
 

B. Bandwidth and latency requirements 
Table 1 shows the transport bandwidth requirements for the 

eight split options [4][6]. These values are calculated for the case 
of 100 MHz radio frequency bandwidth, 256-QAM modulation, 
8x8 MIMO layers, and 32 antenna ports for radio frequency 
range < 6 GHz. The bandwidth numbers in Table 1 represent 
peak values for the required transport bit rates under optimal 
conditions. For higher radio frequency range, the radio 
frequency bandwidth can go up to 400 MHz. By comparison, in 

4G LTE, typical values of the respective parameters are 20 MHz 
radio frequency bandwidth, 64 QAM, 2x2 MIMO layers, and up 
to 22 antenna ports.  

As the discussion on latency is still ongoing in various 
standards development organizations (SDOs), we show only the 
potential range of latency values in Table 1.    

A general guidance from operators for throughput bandwidth 
(capacity of a PON) in both backhaul and F1 is <10 Gb/s during 
5G Phase 1 rollout (radio bandwidth up to 3.5 GHz), increasing 
to 25/50 Gb/s in Phase 2 (radio bandwidth > 6 GHz) [7], and up 
to 86 Gb/s in a later Phase [8].  

 
TABLE 1 

5G TRANSPORT BANDWIDTH AND LATENCY REQUIREMENTS  

Split 
Option 

Uplink  
Bandwidth 

Downlink 
Bandwidth 

One-way 
Latency 

1 4 Gb/s 3 Gb/s 1-10 msec 
2 (F1) 4016 Mb/s 3024 Mb/s  
3  Lower than Option 2  

4  4000 Mb/s 3000 Mb/s 100 to  
a few 100 sec 5  4000 Mb/s 3000 Mb/s 

6  4133 Mb/s 5640 Mb/s  
7a  10.1-22.2 Gb/s 16.6-21.6 Gb/s  
7b 37.8-86.1 Gb/s 53.8-86.1 Gb/s  
7c 10.1-22.2 Gb/s 53.8-86.1 Gb/s  
8 (CPRI) 157.3 Gb/s 157.3 Gb/s  

For 100 MHz radio bandwidth, 256-QAM modulation, 8x8 MIMO layers, 32 antenna 
ports.  Option 7a maps roughly to the eCPRI interface. 

C. Deployment scenarios 
Depending on different operators’ requirements, there are 

four potential deployment scenarios, as illustrated in Fig. 2.  
 

 
Fig. 2. Typical deployment scenarios. 

 
1) Scenario 1: C-RAN  

This scenario is an extension of 4G LTE and most applicable 
to ultra-reliable low latency communication (URLLC). CU 
and DU are collocated in the access node enabling 
centralized radio access network (C-RAN).  

2) Scenario 2: C-RAN  
This scenario is typically for enhanced mobile broadband 
(eMBB). It allows for simultaneous support of fixed wireless 
access over F1 and massive machine type communication 
(mMTC) over Fx in dense urban areas and greenfield. CUs 
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are located at the aggregation node as part of the Mobile 
Edge Cloud. 

3) Scenario 3: D-RAN 
This scenario is relevant for eMBB in a latency tolerant, 
distributed radio access network (D-RAN). The fronthaul 
segment between DU-RU, co-located at the cell site, can 
employ direct and short fiber (<100s meters). In some cases, 
URLLC could also be supported between the collocated DU 
and RU [9]. In many cases, legacy fiber connections between 
RRU and BBU can be reused. The CU-DU connection can 
employ existing optical access infrastructure with 
wavelength overlay. 

4) Scenario 4: small cell, hotspot 
This scenario is most applicable for small cell and integrated 
macro-cell for high-speed hotspot (5G high frequency cell) 
and general coverage. This is a traditional backhaul link 
where existing transport resources can be used to save cost. 
Wavelength overlay is another method to cover small cell 
dead zones. 

 

D. Progress in 5G transport standards  
Led by 3GPP, many standards bodies are contributing to the 

development of 5G specifications. 3GPP approved its first non-
standalone 5G NR specification (4G control plane and 5G data 
plane) in December 2017 [10], with the standalone version (5G 
in both control plane and data plane) completed in June 2018.  

With respect to the functional split options, several SDOs 
have published complementary specifications. 3GPP has 
prioritized Option 2 and Option 3 work as the immediate step, 
with Option 4 and Option 7 to follow shortly after [11]. 

 The CPRI Group specifies interfaces similar to 3GPP’s 
options 1/2/4/6/7 [12] with an emphasis on the Option 7 
interface. The Small Cell Forum focuses on Options 6/7 [13]. 
Most recently, the xRAN Forum (now ORAN Alliance) defined 
yet another variation of Option 7 (called 7-2x), aiming to further 
reduce the bandwidth by scaling with spatial streams [14]. 

In general, there is consensus on the bandwidth requirements 
for different split options (Table 1). On the other hand, although 
latency requirements have been discussed in many industry 
white papers and standards [15][16][17], there is no common 
view other than for eMBB service where the one-way user-plane 
service layer latency is agreed to be 4 ms. For the Fx interface, 
the eCPRI group initially specified a 100 μs maximum one-way 
transport layer latency. As many in the industry have expressed 
concerns that this value is very challenging to achieve, eCPRI is 
now seeking to relax it further.  

For other aspects of 5G transport requirements, the IEEE 
P1914 Working Group has two important projects: P1914.1 on 
the architecture and requirements of packet-based fronthaul 
transport network [18]; and P.1914.3 on the encapsulation and 
mapping of digitized IQ signal to Ethernet frames [19]. The 
IEEE 802.1CM Task Group concentrates on standardizing the 
time sensitive networking profiles for fronthaul [20]. And last 
but not the least, the Metro Ethernet Forum has started its phase 
4 work that considers next generation fronthaul definitions [21]. 

III. OPTICAL TECHNOLOGIES FOR 5G TRANSPORT 
The interworking between RAN and the underlying transport 

network can be explained by the concept of layered network 
architecture, as illustrated in Fig. 3. The RAN elements of NGC, 
CU, DU, and RUs reside in the radio network layer (RNL). User 
data and control plane signals are transmitted via the elements 
in the transport network layer (TNL).  

 

 
Fig. 3. Layered network architecture (source: G.sup.5GP) 
 

In Fig. 3, the transport network (TN) is shown using PtP fiber 
for backhaul and PON for fronthaul. Note that the service layer 
latency includes processing delay in all the RNL elements, 
processing delay of the TNL elements, and propagation delay 
over the transmission media. The latter two constitute the 
transport latency.  

Many wireless (microwave) and wireline (optical, copper) 
technologies are potential candidates for the TNL elements. So 
which technology is the most suitable one, in terms of capability 
and overall cost and long-term prospect? It is expected that 
optical fiber-based technologies will be essential to meet the 
high bandwidth demands in the long run. Among the optical 
fiber technologies, the selection will depend on each operator’s 
deployment requirements and timeline. Here we will discuss two 
contending optical technologies: point-to-point (PtP) fiber 
access and PON.  

A. Point-to-Point fiber access  
PtP fiber access is the most straightforward technique and has 

been widely deployed in fiber-rich areas. The existing systems 
support bi-directional transmission at 100 Mb/s and 1 Gb/s with 
either one or two fibers for distances generally shorter than 
20km. Higher speed versions are under development [22][23]. 
There is abundant bandwidth available in a dedicated link and 
latency is limited mainly by the transmission distance. The 
majority of immediate deployments for 5G transport will likely 
be based on PtP fiber access. In the long run; however, PtP 
access may not be sustainable except for in fiber rich areas. 

B. Passive optical network  
PON is a point-to-multipoint system with the advantage of 

high fiber efficiency. A typical PON consists of an optical line 
terminal (OLT) at the central office, an optical distribution 
network (ODN) with passive power or wavelength splitters, and 
optical network units (ONUs) at subscribers’ locations. For 
TDM-PON, a passive optical power splitter is used in the ODN. 
In the upstream direction, each ONU burst transmits in an 
assigned time-slot and signals from all the ONUs are 
multiplexed in the time domain. For WDM-PON, each ONU is 
assigned a specific wavelength. The wavelength selectivity can 
be done either in the ODN (by passive wavelength splitters) or 
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in the ONU itself (by wavelength filters). Within a 20 km reach, 
a PON can connect up to 256 subscribers, which can be a 
combination of residential, business, and mobile customers. 
Such sharing of fiber infrastructure is very important for 
operating expense savings and enabling 5G deployments where 
the network must support massive scale of connected devices.  
 For the F1 and backhaul interfaces, current generation TDM-
PON with data rates at 10 Gb/s is sufficient to meet both the 
bandwidth and latency requirements in 5G Phase 1 rollout. For 
later stage deployment, new generations of higher speed TDM-
PON will be required. More detail is described in Sec. IV of this 
paper.  

For delay sensitive 5G services over the Fx interface, TDM-
PON using conventional dynamic bandwidth allocation (DBA) 
mechanism, which could take up to nearly 1 ms delay, is not 
compatible with the Fx interface requirements. Many ideas are 
being proposed, such as the cooperative DBA [24], for new 
latency-improving mechanisms. We will elaborate on this 
further in Sec. V-B.  

On the other hand, WDM-PON does not require DBA, thus is 
a good candidate for low latency services. We envision that in 
the long run, WDM-PON will be the most promising technology 
for 5G transport. Figure 4 shows a WDM-PON design example, 
representing Scenario 1 in Fig. 2. Signals from the OLTs, each 
supporting a different wavelength channel, are combined in a 
wavelength multiplexer before transmitting to the cell sites. In 
this example, because CU and DU are collocated, the interface 
between them is considered internal and does not concern the 
transport network layer. In the ODN, a wavelength splitter, 
typically an array waveguide grating (AWG) device, routes the 
individual wavelengths to the respective ONUs, each of which 
is connected to an RU supporting one of the three sectors of an 
antenna. In Fig. 4, the Fx interface is indicated in two locations, 
exposing the interfaces between the RNL and TNL (see Fig. 3). 
The PON community is currently investigating the interworking 
between the RNL and TNL. The specification of the DU-OLT 
and ONU-RU interfaces will be clarified in the future. 

The initial design parameters for this example are in Table 2. 
This design assumes a very conservative link budget of 20 dB to 
support maximum 18 ONUs in 6 cell sites. Most links are within 
10 km distance as indicated by many operators [25].   
 
 

 
Fig. 4. WDM-PON example for the Fx fronthaul interface. 
 
 
 

 

TABLE 2 
DESIGN PARAMETERS FOR THE WDM-PON EXAMPLE IN FIG. 4  

Link budget ~20 dB Data Rate and Reach 20 ONUs per  
PON port 

Fiber loss: 3.5dB 
Connector loss: 2-3.5dB 
AWG loss: 5.5 dB 
Operational margin: 2dB 

 

25Gb/s per channel  
Most distance ~< 10km 
A few links at 20km 

15-18 wavelength 
pairs for 5-6 cell 
sites; 
2-5 wavelength 
pairs as spare 

   

IV. RECENT PROGRESS IN OPTICAL ACCESS STANDARDS 
In this section, we review the recent standards development 

activities in PtP fiber access and PON pertinent to 5G transport.  

A. PtP fiber access standards   
As mentioned previously, it is expected that the immediate 

deployments for 5G transport will likely be PtP fiber access. 
Both the ITU-T Q2/SG15 and IEEE 802.3cp recently initiated 
new projects to standardize bi-directional PtP single fiber access 
for data rates over 10Gb/s and distances up to 40 km. These two 
standards will generally follow previous PtP Ethernet access 
specifications. The ITU-T G.9806 recommendation [22] is 
targeting to consent in October 2018, with the IEEE standards 
to follow in early 2019 [23]. 

B. PON standards   

FSAN and ITU-T Q2/SG15: 

Starting with the completion of B-PON in 1998, several 
generations of PON technologies have been standardized and 
deployed (see Fig. 5). Since then, PON standards developed in 
ITU-T Q2/SG15, collaborating with the Full Service Access 
Forum (FSAN) group, and in IEEE 802.3 have evolved from 
single-wavelength TDM systems at 622/155 Mb/s 
(down/upstream) to more sophisticated hybrid TDM-WDM 
systems, with data rates up to 50 Gb/s per wavelength under 
development. Existing PON systems, such as XGS-PON (10 
Gb/s) and NG-PON2 (8x10Gb/s), are capable of supporting the 
first phase of F1 and backhaul interfaces. 
 

 
Fig. 5. PON standards development in ITU-T and IEEE.  

 
Aiming for 5G services, the FSAN operators published a 

whitepaper outlining their vision of the role of PON in 5G [26]. 
The ITU-T Q2/SG15 initiated the G.sup.5GP project in June 
2017 to investigate 5G wireless transport in the context of PON 
[6]. So far, Q2 has completed the analysis of key 5G transport 
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requirements and the mapping of 5G functional elements to 
PON elements. Figure 6 shows the architecture concept of a 
PON dedicated for wireless services. Q2 is currently working on 
the sections of PON-specific requirements and implementation 
considerations of the G.sup.5GP document, which is targeted for 
approval in October 2018. 

 
Fig. 6. PON dedicated for wireless services (source: ITU-T G.sup.5GP).  

 
In the January 2018 SG15 plenary meeting, Q2 began the 

process of standardizing a new generation TDM-PON with 
single-wavelength data rates up to 50 Gb/s [27]. The new 
generation PON is targeted for 2023 deployments, in time for 
the later phase of 5G NR and parallel construction of further 
upgrade of business and residential services.  

Other Questions in ITU-T SG15: 

In the same plenary meeting in January 2018, SG15 also 
approved the technical report GSTR-TN5G (by Q11/12/13) on 
the transport network support of IMT-2020/5G [28], and 
initiated two new projects in Q11: i) G.sup.5GOTN supplement 
to analyze application of OTN to 5G transport [29] and ii) 
G.ctn5g standard to specify characteristics of transport networks 
to support IMT-2020/5G [30].  

With all these 5G related projects ongoing within SG15, there 
is an effort to coordinate the work among the different 
Questions. For example, GSTR-TN5G has adopted some of the 
analysis completed in an early draft of G.sup.5GP. 

The G.698.4 recommendation by Q6 [31], consented also in 
the January 2018 SG15 plenary, is complementary to PON 
standards for 5G transport. The current version specifies multi-
wavelength 10 Gb/s single-fiber bidirectional DWDM 
transmission. Higher speed systems at 25 Gb/s and 50 Gb/s are 
under consideration. 

IEEE 802.3: 

The IEEE 802.3ca NG-EPON Task Group has been working 
on a 25/50G-EPON project, aiming for completion in 2019 [32]. 
The NG-EPON system will no doubt be appropriate for the F1 
and backhaul interfaces; however, without an improved DBA, 
its applicability for the Fx interface would be challenging.   

CCSA: 

The China Communications Standards Association (CCSA) 
notably has taken a path less travelled and focuses on WDM-
PON standards. They have published a 10 Gb/s WDM-PON 
specification and started a 25 Gb/s version in December 2017.  
The CCSA WDM-PON systems are based on the architecture 
described in Fig. 4. 

 
Table 3 summarizes the standards development activities and 

the corresponding documents described in this section. 
 

TABLE 3 
OPTICAL ACCESS STANDARDS RELEVANT TO 5G TRANSPORT 

SDO Task Group Project Document 

FSAN NG-PON Pre-standard PON 
requirements for 5G 

Operators’ 
whitepaper 

ITU-T Q2/SG15 5G in the PON Context G.sup.5GP 

  Higher speed PON  
(50 Gb/s single ) 

G.hsp.50GPMD, 
G.hsp.comTC, etc. 

  Higher speed bidi PtP 
Access 

G.9806 

  Q6/SG15 10 Gb/s G.metro G.698.4 
  Higher speed G.metro under discussion 
 Q11/12/13  

in SG15 
Transport network for 

IMT-2020/5G 
GSTR-TN5G 

 Q11/SG15 OTN for 5G G.sup.5GOTN 
  Characteristics of 

transport networks to 
support IMT-2020/5G 

G.ctn5g 

IEEE 802.3ca 25G/50 Gb/s-EPON 802.3ca 
 802.3cp PtP Ethernet access study group 

formed 
CCSA  25Gb/s WDM-PON WR WDM-PON 

 

V. STATE OF THE ART PON TECHNOLOGIES  
With the advantage of shared fiber infrastructure, PON is an 

excellent candidate for 5G transport, as well as supporting 
existing RAN generations. Current GPON and 10 Gb/s PON 
systems are likely sufficient to serve the residential market in the 
foreseeable future. 5G and business services are seen as the 
major drivers for higher speed PONs [33]. New PON 
technologies thus have strong emphasis in meeting the 5G 
requirements. In particular, two significant factors, latency and 
bandwidth, must be considered in the development of future 
generation PONs [34].  

In this section, we highlight three PON technologies capable 
of addressing these two factors. Keep in mind that 5G and 
business services justify larger new capital and development 
expenditures than residential services could afford. A PON 
designed for 5G services is likely to have different topology 
from typical residential PONs. The new generation high-speed 
PON targeting for 5G can thus accommodate more advanced, 
i.e., higher cost, technologies.   

A. High-speed PON 
High-speed PON can be realized by either bonding multiple 

wavelengths or increasing the data rate per wavelength.  
Enabled by wavelength tunability and channel bonding, NG-

PON2 will be able to deliver 80 Gb/s bandwidth by aggregating 
eight 10 Gb/s wavelengths via TWDM, plus potentially 160 
Gb/s more with sixteen 10 Gb/s PtP-WDM overlay wavelengths 
[35]. Therefore, NG-PON2 provides an upgrade path for 5G 
transport by exploiting the wavelength resources. However, the 
wavelength tunability, channel bonding, and strict crosstalk 
requirements [36][37] significantly increase the complexity of 
transceiver design, hence the overall cost of the network.   
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Another path, which has attracted more and more industry 
attention, is to increase the data rate of a single wavelength 
TDM-PON. The initial data rate is targeting 25 Gb/s in order to 
meet the minimum Fx interface requirement for functional split 
Option 7a. The IEEE 802.3ca specifies a 25Gb/s per wavelength 
PON system using non-return to zero (NRZ) modulation with 
the support of advanced forward error correction to achieve the 
29 dB power budget class (called PR30) [32]. In the same 
standard, 50G-EPON will be realized by bonding two 25 Gb/s 
wavelength channels. Because of the additional insertion loss of 
wavelength multiplexer and demultiplexer in a wavelength 
bonding system, semiconductor optical amplifiers (SOAs) have 
been introduced to realize 50G EPON [38].  

Compared with bonding two 25 Gb/s wavelengths, single 
wavelength 50 Gb/s is of great value since it not only involves 
fewer optical components and the associated system cost, but 
also saves half of the wavelength resources. To achieve single 
wavelength operation at such high data rate, 50 Gb/s NRZ 
modulation would be required [39]. Other techniques using 
advanced modulation formats are also possible, for example, 
duobinary [40], 4-level pulse-amplitude modulation (PAM4) 
[41], and discrete multi-tone (DMT) [42] together with 
advanced digital signal processing (DSP) equalization. Recently, 
the feasibility of a single-wavelength 50 Gb/s TDM-PON has 
been demonstrated by using NRZ/duobinary or PAM-4 with 
over 29 dB power budget using SOA and DSP [41]. Coherent 
detection is another promising technology; however, due to the 
complexity and high cost, coherent technologies will probably 
not be a serious contender until 100G-PON is needed.   

Reduced sensitivity is another critical issue for high-speed 
PONs using either advanced modulation formats or high symbol 
rates to meet the challenging PR30 requirement. It is worth 
noting that while PR30 is required for residential networks, a 
PON designed for wireless services needs much lower split ratio 
and shorter distance (e.g., < 10 km). Low power budget classes 
(20 dB and 10 dB) could be sufficient to relax the sensitivity 
specifications. Therefore, high-speed single wavelength TDM-
PON remains an attractive solution for 5G transport. 

B. Low-latency TDM-PON 
Conventional bandwidth allocation schemes for TDM-PON, 

as well as the need for quiet windows during ONU registration, 
significantly increase the overall latency beyond the minimum 
value allowed in 5G specifications. Much effort has been made 
to reduce the overall latency of future TDM-PON.  

In conventional TDM-PON, OLT implements DBA to avoid 
upstream data collisions and grants the time slots for upstream 
signals from specific ONUs. The handshake between OLT and 
ONUs in each DBA cycle and the large grant processing time 
(GPT) contribute to a high overall latency. Therefore, 
simplifying the handshake process or GPT are potential 
directions to reduce the DBA cycle length, i.e., the latency. 
Fixed-length DBA [43] and traffic-load dependent DBA [44] are 
proposed recently to mitigate the latency issue in TDM-PON. 
Another mechanism that cooperates with mobile scheduling 
(bandwidth allocation) is also a promising solution [24]. 

Regarding the quiet widow issue; in the current TDM-PON 
ONU registration or activation process, upstream traffic is 
interrupted for over 200 s when new ONUs are invited to join. 
These interruptions add to the latency, which can exceed the 

acceptable values in 5G. Alternative solutions for ONU 
registration in TDM-PON are required, e.g., using a second 
wavelength for ONU discovery and ranging, or modifying the 
existing activation process to minimize the interruptions [45].  

C. WDM-PON    
WDM-PON has several unique advantages for 5G fronthaul 

applications, including high capacity, low latency (as it does not 
need DBA), fiber savings, and operational simplicity. Each user 
is assigned one dedicated wavelength. Each wavelength will 
require 25 Gb/s or higher for 5G deployments [46].  

Two key enabling technologies are expected for WDM-PON. 
Firstly, colorless ONUs using tunable transceiver technology 
provide operational flexibility. A recent report of a 25 Gb/s 
colorless ONU incorporates REAM-SOA to support 5G 
fronthaul [47]. At present, tunable transceiver technologies for 
25 Gb/s and beyond still have a long way to go to be cost 
effective for the mass market. As 5G/business services can bear 
higher cost, it is conceivable that tunable transceivers may find 
more early adopters in 5G than in the residential market. 
Challenges such as wavelength tuning range, wavelength 
stability, and photonics integration for cost reduction, require 
more study.  

Secondly, an auxiliary management and control channel 
(AMCC) provides the means to transmit wavelength allocation 
and assignment information and OAM (operation, 
administration, management) data. For 5G transport, how 
AMCC would be applied to transparent transmission of OAM 
data, is still an open question. An example of wavelength 
adjustment method for the upstream signal using the AMCC in 
a WDM-PON for 5G is demonstrated in [48]. 

 
In summary, the next wave of PON innovations is targeting 

single-wavelength data rate at 25 and 50 Gb/s regardless of PON 
flavor. On the transmit side, new modulation schemes such as 
PAM-4, duobinary, and DMT, are being proposed alongside the 
conventional NRZ method. It remains to be seen which of these 
modulation schemes will be most effective. On the receive side, 
for a PON dedicated for wireless services, the ODN loss budget 
is much more relaxed than the conventional fixed access PON, 
which translates to additional cost saving.   

The latency issue in TDM-PON has stimulated several 
promising proposals to mitigate the extra delays due to DBA and 
quiet window during ONU activation.  

For WDM-PON, the tunable transceiver is both a critical 
enabling technology and a major challenge especially for data 
rate at 25 Gb/s and above. Innovations for cost-effective tunable 
transceiver technologies remain under investigation.     

VI. CONCLUSION  
The 5G NR architecture calls for new design and new 

challenges for the underlying transport network infrastructure. 
Different functional split options in the radio signal processing 
chain are applicable for different deployment scenarios. Given 
the assumption of optical access, this paper focuses on the 
bandwidth and latency requirements and discussed their effects 
on optical access networks to support 5G transport. Other 
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aspects such as timing, jitter, and OAM, although not discussed 
here, must also be taken into account for deployment 
considerations.  

Standards development activities of 5G NR transport and 
optical access networks are reviewed. As an important next step, 
the experts in both wireless and wireline standards bodies must 
work together to coordinate the interface specifications between 
radio network layer and transport network layer.   

On the technology side, depending on operators’ deployment 
requirements and market timing, PtP optical fiber access and 
PON are both potential candidates. PON, with its unique feature 
of shared infrastructure and rapid progress in innovations, is a 
strong long-term transport technology candidate in the 5G 
evolution.  
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