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Abstract: This paper introduces a key issue for controlling 5G time synchronization service based on subscription.
1. Introduction
In the SA1 R18 study 5ESI TR 22.878, the significance of 5G timing resiliency service in the smart grid and financial sector has been justified. Here a brief introduction of 5G timing resiliency service in power grids is given. In power industry, precise reference time information (E2E accuracy < 1μs) is a key enabler for communication and orchestration of technologies for accurate and optimal wide area monitoring, protection and control. The sub-station of power industry achieves time synchronization by means of a grandmaster clock that uses the IEEE 1588 Precision Time Protocol (PTP) protocol to synchronize elements inside the power sub-station via an Ethernet connection. The grandmaster clock often uses a GNSS receiver to achieve time synchronization information. However, since the time source (GNSS) illustrated is a single point of failure (e.g. whenever satellite(s) are not available or there is interference), 5G is a candidate resiliency solution.
In addition to power industry, many 5G networks generally rely on GNSS for accurate reference time and frequency. This dependency has resulted in vulnerabilities for these systems in the event of GNSS jamming/interference, data or measurement spoofing of GNSS signals, environmental conditions and/or anomalies. Therefore, for maintaining accurate time synchronization in the event of degradation or loss of GNSS timing signals, 5G system shall be able to receive accurate timing signals from more than one independent timing sources, which can offer a timing alternative to GNSS, which is the time resiliency requirements defined by SA1.
Hence, conclusion is made that precise reference time information are critical not only inside the 5G system, but also for other users or industry using 5G time information. 
2. Discussion
For UE(s) in 5G system, NG-RAN provides a 5GS reference time to UE via a 3GPP access by the broadcast signal. This method is using the system information to deliver the time information without the need of UE request. In case of TSN service, 5GS either transmits the time information to UE, when receiving from external TSN GM, or providing to time service UE, based on AF request. Currently, there is no mechanism to control the time synchronization service to UE, based on the（UE）subscription. 
The use cases defined in SA1 study 5SEI are different from those mentioned above. In case of smart grid, UTC time is the time information the UE needs to access, via GNSS signal. However, in case of GNSS failure, 5G system acts as a backup time source and delivers time information（to the UE）. To achieve a certain KPI, e.g. E2E accuracy <250ns, 5G system has to reserve dedicated resources to guarantee so that time synchronization service is no longer a free service to the consumer.
Control of time synchronization service based on（UE）subscription is therefore important for the operator. In order to complete work task #1.3, ‘Study how to control 5G time synchronization service based on subscription (i.e. introducing subscription parameter for time synchronization and enforcing it)’, we need to study how to satisfy the following requirements: 
[bookmark: OLE_LINK6][TR 22.261, clause 6.36] The 5G system can control 5G time synchronization service based on subscription.
[TR 22.878, clause 5.2.6] The 5G system shall be able to collect charging information per UE for use of a timing resiliency service (e.g., start/stop time and source used by a UE, timing service used by UE, holdover capability of the service).
In order to control 5G time synchronization service, the 5G system shall use the（UE）subscription date and based on subscription, the 5G system can decide to provide（UE）time synchronization service or not. If UE(s) use of a timing resiliency service, the 5G system shall be able to collect charging information per UE. The charging information might be related to start/stop time and source used by a UE, timing service used by UE, holdover capability of the service, which means that there is more than on timing service in 5G system. Therefore, for controlling 5G time synchronization service based on subscription, there are following steps. First, the 5G system can control 5G time synchronization service based on (UE) subscription. That is to say, if UE(s) do not subscribe 5G time synchronization service with or without AF request, the 5G system may not give the time resiliency service, or give the time information just by the current way. Finally, after the demander receiving 5G time synchronization service, the 5G system shall be able to collect charging information based on specific service.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-25.

[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change (all text new) * * * *
[bookmark: _Toc22214903][bookmark: _Toc23254036][bookmark: _Hlk91782779][bookmark: OLE_LINK19]5	Key Issues
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]5.X	Key Issue X: Support for controlling 5G time synchronization service based on subscription. 
[bookmark: _Toc22214905][bookmark: _Toc23254038]5.X.1	Description
In case of smart grid, UTC time is the reference time information the UE (e.g. PMU（Phase Measurement Units）) needs to access, usually via direct GNSS signal. However, when GNSS failure happens, 5G system acts as a backup time source and delivers time information to the UE. Other cases that UE requires UTC reference time information are for example financial sector.
[bookmark: OLE_LINK7]5G system acting as backup time source, needs to satisfy the E2E time accuracy e.g. E2E accuracy <250ns for smart grid and < 1μs for financial sector. Rel-17 time synchronizing service cannot fulfil these KPI so it is expected that e.g., Rel-17 can only support E2E accuracy < 1μs for smart grid. 5G system will be enhanced e.g. schedule dedicated resources to guarantee. 
Control of time synchronization service based on UE subscription with or without AF request is therefore important for the operator.
This key issue aims at studying how to control 5G time synchronization service based on subscription (i.e. introducing subscription parameter for time synchronization and enforcing it).
The following technical issues will be studied:
[bookmark: OLE_LINK9]-	How to authenticate and authorize time synchronization service based on UE subscription with or without AF request. 
-	How to enforce time synchronization service on a per UE basis based on subscription.
* * * * End of changes * * * *
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