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Abstract of the contribution: This paper update the key issue#1 on the 5G time source switching
1. Discussion

From Rel-16, it assumes the NG-RAN and UPF has time synchronized with 5G internal GM (e.g. GNSS, precise GM clock in the transport network, etc). 
In the SA1 requirement for the timing resiliency, 
The 5G system shall support enhanced timing resiliency in collaboration with different types of time sources (e.g., GNSS, TBS/MBS [33] [34], Sync over Fiber [34]) to provide a robust time synchronization.

The 5G system shall be able to maintain accurate time synchronization as appropriate for the supported applications in the event of degradation or loss of the primary timing reference (e.g., GNSS).
Observation 1: The 5G internal GM (i.e. time source) may change when time source fails or degrades
In the Key issue 1: 
-
Study how RAN and 5GC learn about 5GS network timing synchronization status to be able to inform UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and AFs.

-
Study how to report 5GS network timing synchronization status (such as divergence from UTC and 5GS network timing source degradation) to UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and 3rd party applications (AFs).

-
Study if additional information needs to be provided to UEs and AFs to inform about 5GS network timing synchronization status.

Observation 2: RAN and 5GC learn 5GS network time synchronization status, i.e. time source is changed.
For the case, 5GS distributes time information to UEs using PTP or gPTP messages which is support in r16/17.
· The NG-RAN and UPF/NW-TT are time synchronized with 5G GM.

· The DS-TT/UE get the time from NG-RAN using SIB/RRC.
· The 5G time source is changed, i.e. switching to new time reference.

· A) The UPF/NW-TT is switched to new GM, e.g. at time T1.
· B) The NG-RAN is switched to new GM, e.g. at time T2, and provides the time synchronized with new GM to UE/DS-TT.
The issue is, the switching to new time source is done alone, without coordination. The TSi (created by 5GS ingress port) and TSe (create by 5GS egress port) may depend on different time source. So the calculated 5G residence time is incorrect between time T1 and T2.
To resolve the issue caused by asynchronous switching, there are two proposal

1) It assume that all 5G time sources (GNSS signal, Synchronous Ethernet (SyncE), PTP transport network, PPS input, etc) are synchronized. or
2) To ensure the 5G residence time (i.e. TSe-TSi ) calculation is correct during 5GS time source switching.
Ericsson understanding is as follows:

Sync network design must follow certain rules/requirements and comply with performance requirements that apply also during failures. See as an example G.8271.1, where budget is allocated to Sync network rearrangements.
It is sufficient to assume that sync network design complies with applicable performance requirements also during network rearrangements.
Also to note that residence time calculation as well as NW-TT involvement in the sync distribution is optional (see the 2 options in 23.501).
2. Proposal

It is proposed to add the following to the TR 23.700-25 "Study on Timing Resiliency and TSC & URLLC enhancements"

*****************************************START of CHANGE **********************************************

4.1
Architectural Assumptions
The following architectural assumptions apply:

-
The architecture defined in clause 4.4.8 of TS 23.501 [2] is as a baseline for the study.

-
The TSN network deployed in the transport network supports the fully centralised model defined in IEEE 802.1 Qcc [6].
NOTE:
The transport network and 5GS may belong to the same operator or different operator.

-
Configuration and operation of the external synchronization network (i.e. timing synchronization provided by network external to 5GS network) and mitigation actions when time source fails or degrades are assumed to be outside the scope of 3GPP.

-
This study is assumed to inherit the time synchronization architecture, methods, and exposure framework as defined in Rel-17 for 5G System in TS 23.501 [2]. This includes the support for time synchronization service based on 5G Access Stratum timing distribution, (g)PTP time sync based on IEEE Std 802.1AS [7] with 5GS acting as grand-master or PTP time sync with 5GS acting as grand-master based on IEEE Std 1588 [8], along with support for DS-TT, NW-TT and TSCTSF in the time synchronization architecture.

-
How the 5GS network is time synchronized is assumed to be deployment specific thus outside the scope of this study (e.g., 5GS may use local GNSS server, may be time synchronized with an external clock using transport network synchronization protocols, etc.).

-
The study assumes that sync network design complies with applicable performance requirements also during network rearrangements (for example, in case of G.8271.1, where budget is allocated to Sync network rearrangements).
********************************************End of CHANGE **********************************************
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