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Abstract of the contribution: This contribution proposes to include assisted/complement timing as timing resiliency support to be provided by 5GS via existing time synchronization service. It mainly implies additional parameters to be included in the AF request, and the status report is sent when the service cannot be achieved and indicating so.
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1.	Discussion
1.1 Different types of timing
The way the Work Item on timing resiliency is defined, implies that in all cases the 5G system is required to deliver a time reference. In reality, in the context of offering a timing service (e.g., for the purpose of enhancing resiliency), various “synchronization timing” types could be offered: time, frequency, or phase. 
A few examples are presented here, without excluding other similar techniques.
1.2 Existing technique: Assisted Partial Timing Support (APTS)
1.2.0 General
Assisted partial timing support is a concept specified by ITU-T (see G.8275 and G.8271.2).
Distribution of a reference timing signal can be done via the IEEE1588 Precision Time Protocol (PTP). Highest accuracy can be achieved when all network elements along the path (switches and/or routers) are able to terminate and regenerate the PTP messages (i.e., via boundary clock or transparent clock functionality). When the transport network elements do not support the processing of PTP, the timing reference is distributed in so called “partial timing support” delivering PTP over IP over the network. This leads to some degradation of the timing reference due to packet delay variation added by the network. Other sources of error are related to asymmetries in the network that can lead to static time error.
In case of “assisted partial timing support”, the PTP reference is only used as back-up to a local accurate reference (typically based on a GNSS receiver). In normal operation the accurate local reference is used to “clean-up” the PTP reference (e.g., calibrating for static errors). In practice, the back-up reference may only be required to deliver accurate and stable frequency/phase synchronization. When the local reference is lost, the backup reference can be used as a secondary reference. 
1.2.1 Use of “APTS” in the context of time synchronization and timing resiliency in 5G for backup
The APTS concept suggest that a similar timing service could be valuable in the context of the timing resiliency study. This may allow for reduced requirements for the 5G system, e.g., only timing information related to phase/frequency synchronization delivery would be sufficient, with addition of few parameters in the AF request which are then delivered to 5G-AN. This could be an option for a simplified timing service.
In the 5GS case, the client network has a local time solution providing time information for the specific application (e.g., monitoring a power grid or time stamping critical events). To increase the availability of time synchronization, the 5G network can provide a backup solution similar to what has been defined by ITU-T for the case of APTS.
The solution builds on the fact that the local time is correct and has sufficient accuracy for the client network as long as its primary time reference is functional.
In case the local time reference fails, the local clock can continue to tick with high accuracy if it is provided with a highly accurate and stable frequency or phase information from the serving network (i.e., 5GS). 
NOTE: Timing concepts related to stability and accuracy are specified in ITU-T G.810 on Definitions and terminology for synchronization networks.
There are optional ways for the 5G Network to provide a stable phase or frequency interface. A couple of examples follow:
1. It can provide a stable phase by utilizing the time synchronization which can provide an assisting time interface to the client network. The absolute time accuracy of the serving network can be arbitrary (e.g., there could be a fixed offset, that can anyway be detected/corrected by the client network).
2. It can provide a stable frequency/phase interface to the client network. The serving network frequency does not contain time phase information. It contains only frequency information, and the phase that an oscillating signal inherently has.
It is assumed the client network monitors its primary time reference and, when it no longer trusts the primary time reference, it takes a decision to use the serving network backup signal (it could be assumed that the time synchronization signal is generated at client network by combining the local source and the external synchronization back up signal; other arrangements are possible).
1.3 Example of complementing Timing in the context of time synchronization and timing resiliency 
Another potential simplified 5G timing service could consist in offering a timing reference that can be used to calibrate local inaccurate timing references at the client network, i.e., complement timing. In this case, the 5G collaborates with primary external source to resolve timing inaccuracy. 
As an example, the 5G network could offer a UTC traceable Phase reference that can be used to realign in phase a local “inaccurate” time reference (e.g., NTP based or PTP over partial timing support).
Typical NTP implementations (e.g., over public IP networks), can guarantee an accuracy with respect to the UTC time, in the order of a few milliseconds (or in the best case, hundreds of microseconds). Many applications however may require much better accuracy, better than 10 or 5μs. Or better than 1μs in some cases.
By combining the local UTC traceable, but “inaccurate” timing reference, with the phase delivered by the 5G signal, it is possible to generate a timing reference that is both UTC traceable and accurate within 1-5μs.

A level of service availability (e.g., including holdover time) would need to be provided in order to properly offer support for both assisted and complement timing.
1.4 Proposals 
Proposal 1: The AF request from the client network indicates whether “timing resiliency” is required, and whether assisted timing is to be used and which timing information type (phase or frequency), and may include the required stability/accuracy, required service availability (including holdover time). In this case, these requirements are provided to RAN.
Proposal 2: The serving network (5GS) may inform the client network whether requirements are outside the agreed level/range, as part of the status report. 
2.	Text proposal
It is proposed to agree the following changes to 23.700-25, related to KI #1:
[bookmark: _Toc19105783][bookmark: _Toc27821199]***** Beginning of CHANGES *****
[bookmark: _Toc97278330]6.X	Solution #X: Assisted and Complement Timing Support
[bookmark: _Toc97278331]6.X.1	General
This solution is addressing the requirement for timing resiliency towards a client network (external network that requires a resilient timing service by the 5GS), as backup when the local primary time source fails, or as a complement to calibrate an inaccurate local primary timing source in the client network. 
In these cases, delivering a stable and accurate phase or frequency is sufficient (no need to deliver time information over the 5G network).
This solution proposes to support Assisted Timing to provide backup timing service which if applied to 5GS implies a low impact since the only timing information to be provided is a stable phase or frequency. As an alternative, the stable phase/frequency timing information could be offered in order to complement (by calibrating) the external inaccurate primary local source, i.e., Complement Timing. 
If the client network supports receiving some form of assisted/complement timing and requires Timing Resiliency from 5GS via the already supported Time Synchronization service activation, the 5GS will be able to provide assisted/complement timing, where the timing information may be phase or frequency. The AF request therefore may indicate during the Time Synchronization service activation, that Timing Resiliency is required, whether assisted or complement timing is required, the type to timing information (phase or frequency). Additional parameters could be provided such as service availability (including holdover time), and frequency/phase stability and accuracy. The timing service can be provided over different types of external interfaces, e.g., (g)PTP as defined in TS 23.501 [x] or by an implementation specific interface.
If Timing Resiliency is required, the client network should receive feedback (status report) whenever the service requirements (e.g., error budget, UTC traceability, etc.) are out of the agreed range. Moreover, status reports content just indicate that requirements were not achieved, instead of including the actual values of the parameters. How to provide the status report is out of the scope in this solution.
[bookmark: _Toc97278332]6.X.2	Functional Description
This solution is based on the following principles:
-	AF may include in its request for time synchronization service the following:
- Timing Resiliency requirement, including the following parameters:
- assisted/complement timing requirement,
- type of timing information required (phase or frequency), 
Editor's Note: Whether to include the phase/frequency level of stability and accuracy, and the service availability (including holdover time) from the AF request is FFS.
Editor’s Note: Use of the two types timing method (assisted and complement) details by NG-RAN are FFS.
-	Status report is sent to UE application and to AF when one or more agreed requirements are out of range, indicating that service requirements are not achieved.
[bookmark: _Toc97278333]6.X.3	Procedures
Existing time synchronization activation procedures (see TS 23.502 [x], clause 4.15.9) are reused, where the AF request content is modified to include, e.g., Timing Resiliency additional requirement, whether assisted/complement timing is required, the type of timing information (phase or frequency).
[bookmark: _Toc97278334]6.X.4	Impacts on services, entities and interfaces
-	AF: Formulation of the AF request that may include parameters indicating requirements for Timing Resiliency, assisted timing/complement timing and type of timing information. These parameters are delivered to RAN. 
Editor's Note: If is FFS how these parameters should influence to the content of (g)PTP messages or (g)PTP-related IEEE data sets in PMIC/UMIC. 
- 	NG-RAN: gNB may receive requirement parameters such as Timing Resiliency requirement, assisted/complement timing, the timing information type to be delivered. This information enables NG-RAN to determine if and how to provide 5G reference timing information to the UE efficiently (i.e., RRC/SIB). How NG-RAN is using this information is up to RAN implementation. 
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