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AGENDA
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➢Overview of ORAN WG9 Work Group

➢ORAN Sync Architecture and Solution spec

➢Sync Requirements and Challenges

➢Sync Architecture and Solution models
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ORAN (OPEN RADIO ACCESS NETWORK) STANDARDS
WORKGROUPS AND OBJECTIVES
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Work Group Objective

WG1 Use cases and Overall Architecture Workgroup

WG2 Non-real-time RIC and A1 Interface Workgroup

WG3 Near-Real-Time RIC and E2 Interface Workgroup

WG4 Open Fronthaul Interfaces Workgroup

WG5 Open F1/W1/E1/X2/Xn Interface Workgroup

WG6 Cloudification and Orchestration Workgroup

WG7 White-box Hardware Workgroup

WG8 Stack Reference Design Workgroup

WG9 Open X-haul Transport Workgroup

WG10 OAM for O-RAN
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ORAN WG9 –WORK ITEMS
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5G Transport Network Requirement

Ethernet/IP based Xhaul Transport Architecture

Xhaul Transport based on WDM

Xhaul Transport Management

Transport Network Timing and Sync 

Transport Conformance and Testing 
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ORAN WG9 – TIMING AND SYNC ARCHITECTURE AND SOLUTION SPEC
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SYNC REQUIREMENTS
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The O-RAN fronthaul network shall ensure O-RU meeting
a +/-50ppb air interface frequency error requirement.
3GPP TS 36.104 (for LTE macro cells) and TS 38.104 (for
5G macro) specify +/-50ppb as the short-term average
error in 1ms duration applicable to both LTE and 5G
technologies.

TAE requirements at O-RU Air interface O-RU Air interface frequency error

Source: O-RAN-WG4.CUS.0-v08.00 specification 
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SYNC CHALLENGES

➢ Stringent TAE requirements

➢ Resiliency

➢ Holdover

➢ Security
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ORAN CONFIG MODELS
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Source: O-RAN-WG4.CUS.0-v08.00 specification 
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CASE-1: T-GM TO RADIO INTERFACE (O-RU)
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max|TE|
cTE
dTEL

dTEH
linkTE

Maximum Absolute Time Error
constant Time Error
dynamic Time Error (low frequency)
dynamic Time Error (high frequency)
Time Error introduced by link asymmetry
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CASE-2: T-GM TO O-DU
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CASE-3: RADIO INTERFACE TO RADIO INTERFACE (TAE)
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FRONTHAUL TIMING & SYNCHRONIZATION DESIGN
TIME ALIGNMENT ERROR (TAE) BETWEEN TWO RUS CONNECTED TO SAME FHG
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1) O-RAN/3GPP requirements:
130 ns → NR intra-band continuous carrier aggregation in FR2 (mm-Wave: 24.25…52.6 GHz), co-located RUs only
260 ns → NR intra-band continuous carrier aggregation in FR1 (Sub-6 GHz: 0.45…6 GHz) 

max 𝑇𝐴𝐸 ≤ 𝑚𝑎𝑥𝑇𝐸 𝑅𝑈𝐴 +𝑚𝑎𝑥𝑇𝐸 𝑅𝑈𝐵 + 𝑐𝑇𝐸𝑅 𝐹𝐻𝐺 +

T-GM (Primary/Backup)
(PRTC-B: |TE| ≤ 40ns)

T-BC Class C
(|cTE| ≤ 10 ns, |dTEL| ≤ 10 ns
cTER ≤ 12 ns, dTERL ≤ 14 ns)

T-TSC Class B
(|cTE| ≤ 20 ns, |dTEL| ≤ 20 ns)

enhanced-RU (eRU)
(|TE| ≤ 35 ns)

PTPoE + SyncE (G.8275.1)

Resiliency & Holdover:
• FHGs source time from multiple CAS
• CASs source time from two different T-GMs
• O-DUs source time from two different FHGs
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FRONTHAUL TIMING & SYNCHRONIZATION DESIGN
TIME ALIGNMENT ERROR (TAE) BETWEEN TWO RUS CONNECTED TO DIFFERENT FHGS
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1) O-RAN/3GPP requirements:
130 ns → NR intra-band continuous carrier aggregation in FR2 (mm-Wave: 24.25…52.6 GHz), co-located RUs only
260 ns → NR intra-band continuous carrier aggregation in FR1 (Sub-6 GHz: 0.45…6 GHz) 

max 𝑇𝐴𝐸 ≤ 𝑚𝑎𝑥𝑇𝐸 𝑅𝑈𝐴 + 𝑚𝑎𝑥𝑇𝐸 𝑅𝑈𝐵 + 𝑐𝑇𝐸 𝐹𝐻𝐺𝐴 + 𝑐𝑇𝐸 𝐹𝐻𝐺𝐵 + 𝑐𝑇𝐸𝑅 𝐶𝐴𝑆 +

13
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T-GM (Primary/Backup)
(PRTC-B: |TE| ≤ 40ns)

T-BC Class C
(|cTE| ≤ 10 ns, |dTEL| ≤ 10 ns
cTER ≤ 12 ns, dTERL ≤ 14 ns)

T-TSC Class B
(|cTE| ≤ 20 ns, |dTEL| ≤ 20 ns)

enhanced-RU (eRU)
(|TE| ≤ 35 ns)

PTPoE + SyncE (G.8275.1)

Resiliency & Holdover:
• FHGs are connected to multiple CAS
• CASs source time from two different T-GMs
• O-DUs source time from two different FHGs
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DIFFERENT FAILOVER CONDITIONS – LINK FAILURE
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DIFFERENT FAILOVER CONDITIONS – NODE FAILURE
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DIFFERENT FAILOVER CONDITIONS – T-GM FAILURE
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SUMMARY

• Sync Network Resiliency is critical to address:
– The node & link failures 
– Mitigate the holdover
– Mitigate the security attacks

17



Juniper Business Use Only

THANK YOU


