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1	Introduction
Time as a service has been studied in SA1 and SA2 and then developed in SA2, RAN3 and RAN2 work items in release 18 [1,2,3,4]. In this contribution we discuss Time as a service as a work item in release 19.
[bookmark: _Ref178064866]2	Discussion
2.1	Justification
Time as a Service (TaaS) opens for range of new use cases (GNSS backup for power utilities, financial sector integrity assurance, etc.). The SA2 Rel-18 SI/WI, RAN3 and RAN2 Timing Resiliency and URLLC enhancements defines a commonly agreed framework which can be enhanced for 3GPP RAN in Rel-19. Release-19 TaaS has the ability to support mobility with high availability and accuracy. Well-designed mobility solutions could open up for new time services where wired alternatives cannot be used and/or GNSS based methods might not be available or reliable. This will bring a better total solution, i.e., knowledge of end-to-end (e2e) error budget for correct allocation of subscribed accuracy.
2.1.1	UE internal accuracy capability
[bookmark: _Hlk133826392]UE internal accuracy (from UE ARP to its 5GS boundary) being part of the total 5GS synchronicity budget defined in TS 22.104 [5], is one essential component lacking for the 5GS to understand the budget splits e.g., to derive the UU budget and to understand if a service request can be fulfilled or not (and what is needed to fulfil it). This is made explicit in TS 22.104 [5]:
“The requirement on the synchronicity budget for the 5G system is the time error contribution between ingress and egress of the 5G system on the path of clock synchronization messages."
The issue of the UE part of the total synchronicity budget merits discussion. The DS-TT within the UE (for gPTP packet for time distribution when integrated with TSN) and its time stamping function is the egress point of the UE for the 3GPP defined 5GS synchronicity budget (and includes UE errors from its antenna to the DS-TT i.e., the 50-100ns as assumed in RAN PDC study in 3GPP rel-17). The ingress point for 5GS budget is either NW-TT or DS-TT. An example  with ingress point at NW-TT is shown in  Figure 1. 
[image: ]
Figure 1: 5GS synchronicity requirement – ingress at UE example

Parts after the UE DS-TT (when an egress point) and belonging to the end application and client network are not included in the 5GS synchronicity budget including e.g., switches, interfaces  etc in client TSN network and internal errors in its end application (e.g., an industrial robot) that is, parts  outside 3GPP boundary. As an alternative to DS-TT and gPTP (i.e., for 5G access stratum clock) the UE could use a 1PPS interface for distribution of time at its egress point to an end application (e.g., 1PPS mentioned in 5G ACIA White paper “Industrial 5G Devices – Architecture and Capabilities”). Note: Even for (g)PTP, a 1PPS could, implementation wise, also be used internally within the UE, as interface to its internal DS-TT for its 5GS time stamping functionality (for 5GS residence time compensation).
As input to earlier RAN Propagation Delay Compensation (PDC) analysis, it was assumed UE internal accuracy to be between 50-100 ns, but there is nothing in the existing specifications about this. The assumptions are technically feasible to implement, but ns levels require very careful design and hardware support from the start. Such internal accuracy is not needed for regular UEs. One could assume different level of accuracies depending on actual implementation, but accuracies must relate to a total 5GS synchronicity budget (depending on a specific service), like the RAN assumed 50-100ns for a 5GS synchronicity budget of 1us. If the UE share is larger, the service might not be possible. This information must come from the UE (and it is also important to differentiate between UEs, not to push this kind of requirements and complexity on regular UEs and allow flexibility towards UEs that does not need to support the strictest end services and internal accuracies, e.g. TS 22.104 has multiple 5GS synchronicity budget requirements with far less accuracy than mentioned 1us). A capability would also make a connection between a certain service accuracy and required UE capability. For a certain end to end service level and related 5GS synchronicity budget, a certain UE internal accuracy will be required.
SA2 has in 3GPP release-18 defined status as received by the UE and differ from earlier SA work and TS 22.104 [6]. That this is limited to current release-18 is explicit in CR onto TS 23.501 approved at SA2#156 [6]:
· The text about UEs capabilities and internal inaccuracies has been moved to a note. 
· The assumption that UE capabilities and internal inaccuracies are assumed to be budgeted by the client network operator is only for this release of the specs (Rel-18). Such assumption has been taken in order to acknowledge that end to end error budget is of interest for time synchronization service, but UE internal accuracy is not reported to the core network within Rel-18 specifications.

The change above opens up for new possibilities in 3GPP release-19. As stated earlier, a capability would make a clear connection between a certain service accuracy and required UE capability, making it possible to select proper UE capability class for a required time service. An example capability table is shown in Table 1. The motivation for this new capability is to allow assessment and flexible allocation between 5GS synchronicity sub budgets, in order to avoid risk of unbalanced budget driving complexity, cost and potential spectrum resources.

	UE internal accuracy level capability
	UE internal accuracy 

	1.
	Level 1 < X

	2.
	Y < Level 2 < X

	3.
	…

	4.
	…


Table 1: UE internal accuracy capability example

Observability of the performance associated with such a UE internal accuracy capability is obviously important. It should be possible to verify at 3GPP egress boundary when injecting a reference time signal at the UE antenna. A well-defined and verified UE capability within 3GPP is a necessary pre-requisite to allow 3GPP taking the complete end to end perspective for the 5GS synchronicity budget and related time services (compared to assuming UE aspect solved outside 3GPP with unclear UE internal error definition). This could even require a UE external interface dedicated to transmitting timing. We have, for example, already defined standard interfaces for the UE to deliver time at egress boundary like already mentioned interface (g)PTP and 1PPS.
2.1.2	Mobility
When the UE connected to the application moves around, a number of conditions impacting the quality of the timing distributed to the UE, can change (e.g., radio characteristics, moving from cells with acceptable sync characteristics, towards a cell with limited sync characteristics, and so on). 
There are a number of important applications e.g., Automotive, Robots moving over large areas, or mines, etc. requiring timing and for which good mobility support is important. If not finalized in Rel-18, then we need to ensure the suitable target NG-RAN node/cell are chosen to best fulfil the TaaS requirement, together with relevant observability. 
2.2	Objectives
Addressing a total end to end 5G synchronicity budget, will bring a better total solution, that is, knowledge of end-to-end (e2e) error budget for correct, flexible and balanced allocation of subscribed total 5GS synchronicity budget (e.g., using a subscription-based model) paired with mobility. The detailed objectives are as follows:
1. UE capabilities: UE internal accuracy, is one essential component lacking for the 5GS to understand the e2e time budget splits. Define UE capabilities (reported to the NW) that indicate the UE internal accuracies which allow  addressing a total end to end 5G synchronicity budget. 
Proposal 1: Define UE internal accuracy capability. This is key for securing a required total 5GS synchronicity budget in a balanced and flexible way. This is also essential for clearly connecting a required UE capability with a required service level and to have a unified and clear definition of the meaning of UE internal accuracy. Knowledge about the UE inaccuracies will help the network determine if it can meet the budget or not. [RAN2]
Proposal 2: Develop Observability of the performance associated with such a UE internal accuracy in order to test internal accuracy of UE. This could even require a UE external interface dedicated to transmitting timing, for instance, already defined standard interfaces for the UE to deliver time at egress boundary like (g)PTP and 1 PPS. [RAN2, RAN4, RAN5]
2. Support mobility: 
[bookmark: _Hlk135933111]Proposal 3: Enhancement during handover procedure, if not finalized in Rel-18, to ensure the suitable target NG-RAN node/cell are chosen to best fulfil the TaaS requirement. [RAN3]
Proposal 4: Enhance the observability of TaaS mobility in 5G. [RAN3, RAN2]
3	Conclusion
For the objectives for Timing as a Service, we propose the following
1. UE capabilities: UE internal accuracy capability, is one essential component lacking for the 5GS to understand the e2e time budget splits. Define UE capabilities (reported to the NW) that indicate the UE internal accuracies which allow addressing a total end to end 5G synchronicity budget. 
Proposal 1: Define UE internal accuracy capability. This is key for securing a required total 5GS synchronicity budget in a balanced and flexible way. This is also essential for clearly connecting a required UE capability with a required service level and to have a unified and clear definition of the meaning of UE internal accuracy. Knowledge about the UE inaccuracies will help the network determine if it can meet the budget or not. [RAN2]
Proposal 2: Develop Observability of the performance associated with such a UE internal accuracy in order to test internal accuracy of UE. This could even require a UE external interface dedicated to transmitting timing, for instance, already defined standard interfaces for the UE to deliver time at egress boundary like (g)PTP and 1 PPS. [RAN2, RAN4, RAN5]
2. Support mobility: 
Proposal 3: Enhancement during handover procedure, if not finalized in Rel-18, to ensure the suitable target NG-RAN node/cell are chosen to best fulfil the TaaS requirement. [RAN3]
Proposal 4: Enhance the observability of TaaS mobility in 5G. [RAN3, RAN2]
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