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As vendors and operators continue the drive 
towards disaggregated and virtual functions in 
networks, specifications such as defined open 
interfaces are needed to allow innovation while 
maintaining interoperability.

The O-RAN Alliance has developed 
architectures and specifications to support this 
aim, including identifying the critical nature of 
precision timing capabilities, as well as defining 
limits for latency for devices.

This Solution Brief examines the requirements 
for timing in open architectures, how Calnex can 
help prove performance and conformance of 
network devices, and why network impairment 
testing is critical to the successful deployment of 
5G networks.
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Configuration LLS*-C1 

Network timing distribution from O-DU to O-RU via point-to-point 
topology between central site and remote site. 

Configuration LLS-C2 

Network timing distribution from O-DU to O-RU between central 
sites and remote sites. One or more Ethernet switches are allowed 
in the fronthaul network. 

Configuration LLS-C3 

Network timing distribution from PRTC/T-GM to O-RU between 
central sites and remote sites. One or more Ethernet switches are 
allowed in the fronthaul network. 

Configuration LLS-C4 

Local PRTC (typically a GNSS receiver) provides the timing to O-RU. 

(*) LLS: Lower Layer Split ≈ fronthaul

O-RAN specifications for synchronization
Regarding accurate synchronization, ORAN-WG4-CUS.0 
— the technical specification of O-RAN Control, User and 
Synchronization Plane — includes the specification of the O-RAN 
fronthaul Synchronization Plane and the basic synchronization 
requirements.

In this document, the O-RAN Alliance has defined four 
synchronization topologies to address varying deployments, as 
shown opposite.

Notes: 
 • Only current types and classes (PRTC/T-GM, T-BC, T-TC) under 
G.8271.1 are covered by ORAN-WG4-CUS.0 and apply to all four 
LLS configurations.  

 • The O-DU may be synchronized from either a local or remote 
PTRC.

 • The sync input to the O-DU can be through a packet network, 
e.g. mobile backhaul conforming to ITU-T G.8271.1. 

O-RAN Overview
CloudRAN architectures and disaggregated systems are 
developing in 5G. These emerging developments in different 
systems have numerous benefits. However, these developments 
also challenge the current situation due to the lack of standard 
communication and interfaces between systems. 

In 2018, the O-RAN (Open Radio Access Networks) Alliance 
was formed. It aims to define common interfaces between 
systems, and help accelerate deployment of multi-vendor Radio 
Access Networks. Specific areas of focus include the functional 
splitting between the O-RAN Distributed Unit (O-DU) and 
O-RAN Radio Unit (O-RU), taking the need for eCPRI (ethernet) 
communication into account to allow for higher data bandwidths. 
Further specifications cover Management, User, Control and 
Synchronization planes. The specification of the functional split in 
O-RAN is referred to as Split Option 7.2x
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O-DU under test 

PTP  
Subordinate

PTP
Master

GNSS

Max |TEL| < 1.1μs (G.8271.1)

G.8271.1
Point C

PRTC/T-GM

Network |TE| 95 to 140ns*

Relative |TE| 
60 to 190ns*

Sub-millihertz  
low-pass filter < 5ppb freq. error

< 50ppb 
freq. error

TAE requirement: 
Category A: 130ns
Category B: 260ns
Category C: 3μs

Total time budget 400ns

 * Figures from O-RAN Table 9-3

Fronthaul Network

O−DU

O−RU

O−RU

Sync Network

Example of O-RAN C2 Network

TIME AND FREQUENCY ERROR BUDGET

At each point in the fronthaul network, the time and frequency 
performance of the equipment and network is defined. Taking the 
O-RAN C2 fronthaul configuration, shown above, as an example, 
there are several key requirements: 

 • Time Error Budget 
Time Error budgets are different from two types of O-RU regular 
O-RU and Enhanced O-RU. The “regular O-RU” (containing 
a Class B T-TSC) and the “enhanced O-RU” (containing an 
enhanced T-TSC, roughly equivalent to a Class C).

 • With a regular O-RU, the time error budget is 80ns, leaving 
95ns for the fronthaul network.

 • With an enhanced O-RU, the time error budget is 35ns, 
leaving 140ns for the fronthaul network.

 • Vendor Equipment 

The O-RAN S-plane conformance test also “assumes that the 
vendor’s equipment is conformant and has been tested to 
meet the requirements of G.8275.1 and IEEE1588v2 and other 
relevant S-Plane standards.”

G.8275.1 is a full on-path timing support profile, and therefore 
the network nodes (including the O-DU) must perform as, for 
example Telecom Boundary Clocks, in line with ITU-T G.8273.2.

 • Fronthaul Network Time Budget 

The fronthaul budget number is not dependent on the number 
of switches in the network. The number of switches must be 
small enough such that the time error and relative time error fits 
within the budget numbers. If Class B devices are used, then 
that number might be quite small; with Class C (or D), it could be 
much larger.

Testing S-Plane performance
Due to the multiple different potential deployment scenarios, the 
patterns of time error caused by network chains can vary greatly, 
and therefore being able to stress test the timing performance 
of equipment under time error conditions representing both the 
defined limits and representative network effects is essential. 
This is explicitly referenced in the O-RAN conformance testing 
specification: “[test equipment] should be capable of testing 
S-Plane performance under stress with various noise profiles.”

As shown below, the network timing performance to the PTP 
input of the O-DU is represented by a noise pattern, defined at 
Reference Point C in ITU-T G.8271.1 clause 7.3, which the O-DU 
must be able to tolerate. At the PTP output, a maximum frequency 
error the O-DU can contribute must remain below 5ppb (ClassB).

G.8271.1
point C

PTP
Master

PTP  
Subordinate
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Implications of latency across Lower Layer Splits 
The concept of the functional split within Open RAN – as 
discussed earlier – has some key implications for where certain 
network functions are hosted. Shown below, Time and Latency 
insensitive functions can be centralized, with Time and Latency 
sensitive functions in the fronthaul. 

Key to utilising this architecture (and achieving some of the cost 
benefits) is the ability to simplify the open Radio Unit and allow 
it to deal specifically with frame timing and RF transmission. 
To achieve this simplicity, the O-DU must be able to accurately 
estimate the latency between O-DU and O-RU. This allows the 
transmitted traffic to be scheduled.

The complexity of this task is increased by the range of potential 
implementations. An L1 Lower Layer Split has a direct connection 
between O-DU and O-RU and hence a static latency. All other LLS 
configurations however, include a fronthaul network which can 
have varying topologies, loading, etc. each impacting both latency 
and packet jitter in the network and causing a challenge for the 
O-DU and O-RU.
 
Most significantly, the shared medium nature of Ethernet means 
network impairments now need to be considered. Perhaps for 
the first time, fronthaul operators will be confronted with packet 
delay, jitter and loss, and the effects of these in the network need 
to be properly understood if costly issues (in both financial and 
reputation terms) are to be avoided. 

Testing 5G synchronization 
The first step in test and validation is to test each device 
individually to ensure it meets the required specification. In the 
case of Class C T-BC and Class D T-BC clocks, an integrated 
testbed with PTP and SyncE sub-nanosecond test capability is 
essential, as shown in the figure below.

In addition, as 5G New Radio (5GNR) faces increasing demand 
from subscribers for different mixes of services, congestion on 
radio resources will degrade their performance. The elimination 
of Guard Bands between Operators could potentially cause 
interference at the frequency spectrum edges, impacting 
accessibility of network services. And to get better coverage, 
cells will be located at hard-to-reach places; synchronization 
performance of the O-DU and O-RU system will only be possible 
using over-the-air (OTA) measurements at the end of the network. 

Synchronization is even more fundamental for 
5G and O-RAN
In summary, the synchronization requirements of 5G are 
significantly harder to meet than previous mobile generations. In 
combination with this, several technology advancements in new 
networks add complexity to timing transfer and therefore pose 
additional challenges.

This has been recognised by the industry at large, and many 
initiatives are underway that pay full attention to the need for 
defined, precise and robust timing performance. As a result, 
developing and proving synchronization functions in 5G 
networks can be achieved with confidence by utilising testbeds 
that integrate standards-defined test workflows and precision 
capabilities for generation and measurement of timing signals 
such as PTP and SyncE. This can be further enhanced by 
enabling real-world timing conditions to be recreated in the lab 
environment.

Class C, D T-BC 
Device-Under-Test 

High-accuracy timing tester

PTP/SyncE over
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T-BC

PTP/SyncE over
Optical Ethernet

Ref. Clock

Timing 
Master

Timing
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Impact of latency and jitter 
on fronthaul networks 
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Who is responsible for validation?
In short, the entire ecosystem. Traditional network equipment 
manufacturers (NEMs), as well as White box vendors entering the 
market and network function virtualization (NFV) providers offering 
unique software services for these hardware platforms need to 
ensure that their equipment meets the performance requirements 
of their intended deployments. Due to the aims of O-RAN, 
interoperability is key, and a main focus of both standards and 
wider industry initiatives. These aims are equally critical to Service 
Providers and System Integrators. 

What must be validated?
1. Latency compensation
As shown, this is a critical performance parameter for O-RAN 
systems. To enable development, deployment and verification, the 
O-RAN Alliance has published standards that define categories for 
the O-DU and the O-RU, with associated latency limits as set out 
below.

These tables allow a range of normal operating latencies to be 
determined for an O-DU / O-RU pair of defined categories. Testing 
an O-DU and O-RU while applying network latency within this 
range allows latency detection and traffic scheduling to be proven 
to meet O-RAN specifications.

O-DU O-RU

T2a

Ta3

R2R1

R3R4

T12

T34

Ta4 ( = Ta3 + T34)

T1a ( = T12 + T2a)
Ra

Figure B-1 : Definition of reference points for delay management*

Table B-6 : Latency_min (Minimum supported T12_max/T34_max in µsec)*

Table B-7 : Latency_max (Maximum supported T12_max/T34_max in µsec)*
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For an individual device, performance can be tested across 
a range of latencies to determine readiness for deployment 
with a range of equipment. It is also essential to test beyond 
these defined bounds to understand how a system responds in 
exceptional circumstances.

(Note, there is a close relationship between synchronization and 
network latency plus jitter. As mentioned in the synchronization 
section of this document, network effects very much impact the 
ability to transfer timing. Conversely, accurate synchronization is 
a major factor in the ability of on O-DU and O-RU to accurately 
estimate network latency and compensate for the effects. 
Therefore, the S-plane must be considered while testing other 
data planes.)

2. Quality of Service 
The O-RAN specification also sets parameters for Quality of 
Service (QoS). The table below sets out the priority for each flow 
type.

As per the O-RAN specification, the U- and C-planes are higher 
priority than other flows, and so a QoS failure may result in 
dropped packets from these flows. Correct system response is 
described as:

“[detecting packet loss] via the sequence number so a recovery 
action may be taken to re-send messages that may have a 
persistent impact”

To fully validate system performance in these conditions, it is 
necessary to precisely drop a defined proportion of packets within 
specific flow/frame types. A QoS implementation can therefore 
be tested and proven good before deployment, including in multi-
vendor deployments. As such, this is a common test requirement 
in PoCs, Plugfests and other interop testbed.

3. Data flow identification
A further consideration for testing CUS plane performance is the 
requirement for the data flow identification between a combined 
U- and C-Plane data flow for a single extended Antenna-Carrier 
(eAxC) ID. Allowable options include differentiation using:

 • TCP/UDP
 • VLAN
 • MAC address
 • Different EtherTypes

Packet corruption on these flows will alter the flow identifier, and 
test if the network devices are able to correctly identify flows if/ 
when the identifier is altered.

Plane

S-Plane

U-Plane
C-Plane
M-Plane
Other traffic

L2 CoS Priority 
(range 0-7)

G.8264: N/A
G.8275.1: N/A
G.8275.2: Default 7

Default: 7
Default: 7
Default: 2
Default: 1

L3 DSCP Code

G.8264: N/A
G.8275.1: N/A
G.8275.2: EF (Expedited 
Forwarding)
EF (Expedited Forwarding)
EF (Expedited Forwarding)
AF2x (Assured Forwarding)
BE (Best Effort)

Preemption (1)

non-preemptable

non-preemptable
non-preemptable
preemptable
preemptable

(1) Not all networks will support preemption so this only applies to networks supporting preemption

(*) ORAN-WG4-CUS.0



that a network emulator supports SyncE transfer, accurately 
passing network frequency without breaking the timing chain.

3. Dedicated filters (e.g. eCPRI and RoE)
Simplified, menu-driven selection of standards-based message 
types enables the quick and easy creation of filters to which the 
required network impairments may be selectively applied.

4. Data rates
Fronthaul networks commonly require 10GbE and 25GbE rates, 
with the potential to increase in future due to increasing traffic 
demands. These same demands mean that realistic network 
testing should include high-bandwidth traffic. It is therefore key 
that network emulation tools support the required range of rates 
with line rate performance.
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Testing challenges and requirements
Many of the challenges for testing the -C, -U and -M plane 
performance and interoperability of O-RAN devices relate to the 
ability to closely control conditions representing both real-world 
topologies, and also specific conditions as called out within 
O-RAN specifications.

Network emulation is the most reliable way to perform 
configurable, accurate, repeatable and highly controlled testing in 
the ways described above and many others. 

However, test equipment must be able to apply the full range of 
impairments and filtering required to fulfil this testing, in addition 
to several key performance parameters due to the tight timing and 
latency requirements of O-RAN systems and devices:

1. Precise addition of latency
A fundamental test of O-DU to O-RU performance is the addition 
of defined latencies. Emulation tools must be able to handle both 
the bulk latencies required, but also do this with nanoseconds-
level precision to allow proper validation of system latency 
detection capabilities.

2. S-Plane support
As synchronization is a foundational element in an O-RAN 
network, it is essential that the S-plane is not affected while 
running impairment testing on other planes. In addition to the 
nanoseconds level precision already mentioned, it is also critical 

Class N
DU

0 — 159μs

Class O
RRU

0 — 50μs

Fronthaul Emulator

Inject delay to:
Within both limits
Within DU but outside RRU limit
Exceed both limits

Example tests

Recommended reading

O-RAN STANDARDS

ORAN-WG4.CUS.0

ORAN-WG4.IOT.0

ORAN-WG9.XTRP-TST

ITU-T STANDARDS

ITU-T G.8275.1

ITU-T G.8271.1

ITU-T G.8273.2
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Calnex Analysis Tool (CAT)

Analyze the Time 
Error of T-Boundary 
Clocks between 
ingress and egress. 

Evaluate metrics such 
as MTIE and TDEV 
against ITU-T and 
O-RAN masks

View multiple graphs 
simultaneously for 
easy correlation of 
results

Timing and Sync

Calnex Paragon-neo

Addresses all 5G Enhanced Time requirements 

Test-case driven workflows for O-RAN and ITU-T sync 
standards

Sub-nanosecond testbed accuracy for PTP and SyncE 
— essential for testing Class-B O-DU, ITU-T Class-C 
and Class-D T-BCs

LTE and 5G NR OTA Sync

Multiple clock and 
packet measurements 
simultaneously

Capture fronthaul network 
Time Error (TE) for replay 
on Paragon-neo

Embedded GPS receiver 
and Rubidium (Rb)

Calnex Sentinel

Calnex A100

10/25/40/100 GbE interfaces – test all rates in the 
fronthaul

Supports SyncE pass thru’

Dedicated eCPRI and RoE filter profiles

Comprehensive range of impairments

Highest accuracy (ns) for timing requirements needed 
for fronthaul

Network Impairments

Calnex SNE

Ideal for use in the midhaul where CU to DU 
communications are sensitive to WAN conditions

Targets specific streams or packets within both Control 
and User planes

Any Port to Any Port for testing multiple DUs under 
different conditions

10/25G interfaces required for CU to DU comms

Mix interfaces in same unit – e.g. 4 x 25G/4 x 10G  
(25G ports are multi-rate)

Full range of impairments for maximum flexibility

CU

SNE sits between CU and 
multiple DUs introducing 
a range of impairments

DU

DU

DU


