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[bookmark: _Hlk99049711]Abstract of the contribution: This paper discusses the LS reply from ITU-T SG15 Q13/15 on the Monitoring of network time synchronization and relevant parameters and makes the corresponding changes in KI#1 conclusion section, TR 23.700-25. Additional updates, based on RAN WGs and SA3 feedback pending.

1.	Discussion
1.1	Overview
SA2 has sent the following two questions to ITU-T SG15 in S2-2207723:
Q1. What type of information about the 5GS time source are relevant to determine that it deteriorates and may impact time synchronization services already in place for the User Equipment (UEs)? 
Q2. What information made available by the 5GS to the UE would be sufficient to enable applications in a UE or device attached to the UE to compare the 5GS clock against other clocks that may be locally available to the applications in the UE/devices attached to the UE so that the best available clock can be selected? 
ITU-T SG15 has reviewed the LS at Q13/15 meeting held during the SG15 Plenary (19-30 September 2022) and provided a reply, see in [LS reply: https://www.3gpp.org/ftp/Inbox/LSs_from_external_bodies/ITU-T_SG15/SG15-LS17.zip]. In what follows, we use some of the response text from ITU-T in order to describe and support our observations that later will be used to make the corresponding changes in KI#1 conclusions (TR 23.700-25). 
1.2	Observations based on the LS reply
In regards of Q1, ITU-T SG15 replies:
[ITU-T SG15]: Depending on the timing technology used, different types of information are exchanged between the network nodes to be able to detect issues and rearrange the synchronization network. 
Observation #1: ITU-T SG 15 cannot identify a unified parameter set that can be used to detect the 5GS time source deterioration as different technologies may be used, which also impacts which information is exchanged between the network nodes.
In regards of Q2, ITU-T SG15 replies:
[ITU-T SG15]: In answer to your question, if the timing is offered to the client connected to the devices/UE via a PTP interface, and assuming the client network makes use of a specific PTP profile, information must be provided to the PTP clock in the device so that Announce messages compliant with the relevant profile (e.g., ITU-T G.8275.1, IEEE802.1AS, the SMPTE PTP profile, etc.) can be generated. 
In this way it is possible to “enable applications in a UE or device attached to the UE to compare the 5GS clock against other clocks that may be locally available to the applications in the UE/devices attached to the UE so that the best available clock can be selected.” As an example, this information includes value of the clockClass and other relevant parameters that should be carried by the outgoing Announce messages.  
Observation #2: ITU-T SG 15 uses the PTP case as an example to clarify that a UE should get only minimum information relevant to perform its task; in ITU-T SG 15 example, it is to generate Announce messages. Observations regarding the general case are listed below.
Next, ITU-T SG15 states:
[ITU-T SG15]: Depending on the agreement between the 5GS network operator and the client network operator, a subset of the values for the applicable parameters could be sufficient. As an example, clockClass 6 could be used when the offered service meets the agreed minimum performance, and clockClass 248 when the requirement is not met. That would be sufficient for the client application to select a local clock or use the timing delivered by the 5GS.
Observation #3: ITU-T SG15 presumes there should be an agreement between the 5GS network operator and the client network operator where certain parameters, their specific values or certain value ranges are specified/agreed upon. 
Here, we also would like to emphasize that the similar understanding was expressed among some of the companies and operators. As can be seen, from S2-2205514 submitted by Qualcomm and co-signed by AT&T and Orange (https://www.3gpp.org/ftp/tsg_sa/WG2_Arch/TSGS2_152E_Electronic_2022-08/Docs/S2-2205514.zip ) to SA2#152E. This p-CR had a conclusion stating that timing information is of paramount importance and thereby such timing information consumer would have to agree on service levels for the timing synchronization service with the mobile operator before-hand. We provide a text of this conclusion below:
[S2-2205514]: “Conclusion 9: Timing information is of paramount importance for typical timing service consumers such banks or power grid operators. Therefore, it is unrealistic to assume that a bank or power grid operator would rely on dynamic discovery whether it can use 5GS as a timing source or not. Instead, such timing information consumers can be assumed to agree on service levels for the time synchronization service with the mobile operator before-hand. Therefore, it is sufficient to inform the AF in case a time synchronization request cannot be fulfilled, e.g., due to 5GS time synchronization degradation; no additional information needs to be provided to the AF.”
Observation #4: ITU-T SG 15 considers that a limited subset parameter values (specified in the agreement between the 5G network operator and the client network operator) should be sufficient to select between a local clock and the 5GS clock. As an example, ITU-T SG15 uses a PTP case and provides a way on how the clockClass could be represented when offered service meets (and does not meet) the agreed minimum requirements, i.e., clockClass 6 when its quality is as agreed in the agreement and clockClass 248 when the clock is in a free-run mode and does not meet agreed qualities. However, it does not mean that there can be only one level of time synchronization. ITU-T SG15 uses a term “the agreed minimum performance”, and our understanding is that this minimum performance level can be set based on what AF requests, UE has subscription for, or what has been agreed in the SLA. In such case, it is sufficient just to indicate whether the network fulfills what has been agreed upon (please note that it was also in line with the statement in Conclusion 9 of S2-2205514).
Observation #5: ITU-T does not mention/consider any possibility to use 5GS clock despite it does not meet parameters in the agreement.
Then, ITU-T SG15 states that it is of importance to consider the overall accuracy of the 5GS:
[ITU-T SG15]: It is important to note that the 5G system (including the UE) needs to estimate the overall accuracy that can be delivered to the client. However, the methods described earlier (including the aspects under study) can be used up to the gNB and not specified for the air interface between the gNB and the UE.
Related to the example of parameters mentioned in your liaison that can be delivered by SIB/RRC (e.g., uncertainty information), it is understood that in the scenarios under consideration by 3GPP, the air interface (between the gNB and the UE), as well as the characteristics of the UE clock,  have a great impact on the overall performance that can be delivered at the output of the 5GS (i.e., at the input of the connected clients). Due to that, knowledge of certain accuracy delivered at the gNB (and that could be forwarded via SIB/RRC as uncertainty of the 5GS time), could be significantly different from the accuracy actually delivered by the 5GS. Having a simplified approach as indicated in the previous example with limited set of the values for the relevant parameters (e.g., clockClass), might be beneficial in this perspective.
Observation #6: ITU-T SG 15 stresses the importance of estimating the overall accuracy (i.e., end-to-end) that could be delivered to the client. This is also our understanding that E2E accuracy (and therefore an E2E time synchronization status report) is of interest. A client network should be interested in what time accuracy can be actually delivered by 5GS, and not into a faction of the accuracy (e.g., only until the gNB antenna).
An end-to-end accuracy, besides a 5GS part until the BS antenna (so-called a core network (CN part)), also includes an air interface (Uu) part and a UE part:
· Air interface (Uu) part. Rel-17 specifications enables UEs and gNBs to measure and compensate some propagation delays for some cases, these capabilities depend on RF configurations and therefore imposes a certain network involvement and resources. For instance, assessment of the air interface by using one of the options in RAN propagation delay information where the UE receives this, still requires the network to be involved and allocate resources to perform measurements etc. However, there exists different types of RF propagation delay methods (RTT based, TA based or even maybe not performing any at all); and the decision must be up to the network to decide which method to be used are dependent on a total 5GS assessment since it [network] is in control of spectrum resources etc.). Still the air interface budget is not only about RF propagation delay compensation; it is not fixed and depends on how the network sends reference signals, their characteristics, periodicity, BW, radio channel properties etc., and much of this has network / spectrum utilization dependencies.
· UE part. UEs internal accuracy is implementation specific, and UEs do not report its accuracy a gNB. Consequently, a gNB is not aware of the actual timing errors introduced by a UE due to its internal characteristics. Even now within Rel-17 specifications, a Uu time synchronization error budget is derived using a predefined value or calculated using the implementation specific means, i.e., not the actual value (see clause 5.27.1.9 of TS 23.501).
· CN part is represented by the uncertainty field in SIB9 and characterizes the 5GS timing accuracy up to gNB antenna.
Observation #7: ITU-T SG15 confirms that characteristics of the UE clock is as important as the air interface part when it comes to the impact on the overall performance that can be delivered at the output of the 5GS. 
Conclusion #1: Considering that two of three “sources” of timing errors (i.e., air interface part and UE part) are UE or UE location specific and rely on certain approximations/assumptions, there is no good use of providing exact values of 5GS clock accuracy. By doing that, it not only does not contribute to the knowledge about the overall accuracy that can be delivered by the 5G network to the client network, but also may raise security concerns and difficulties to control the service via subscription (see S2-2208400). As pointed out earlier, the Clock quality that is provided via SIB/RRC messages do not consider the air interface and UE characteristics. Therefore, an approach where specific clock quality values that have been agreed beforehand between the MNO and the client network would be more beneficial and sufficient to choose between local clocks or the 5GS clock. ITU-T SG 15 has a similar consideration, which is confirmed by their statement “Having a simplified approach as indicated in the previous example with limited set of the values for the relevant parameters (e.g., clockClass), might be beneficial in this perspective.”
Finally, it is important to understand the applications and relevance of information like timing related data to have a solution in 3GPP that is compatible to them. Obviously, the client network operator knows requirements for the applications/services running in its network. It is an agreement (between MNOs and client networks) that defines the range of values of clock quality for every subscription, and not a general 5GS clock quality information that covers all cases. Covering all cases in one general case (by informing about every single general change of 5GS clock quality) is not providing flexibility, it is indeed removing the possibility to differentiate between various subscription levels. While for one service offered the clock quality has a degradation, for another it might still be within the acceptable range and, thus, the information provided about the quality degradation can be considered as unnecessary, misleading, or even potentially dangerous. Actions taken under degradation/ improvement are different even in the 5GS.
Conclusion #2: Different service consumers have different subscription and specific clock quality values and ranges. Therefore, the status report should be provided on a per service level and, based on agreement between MNOs and client networks, the clock quality included in this status report should be enough to select a clock. Whether the level of degradation/improvements is important and thus shall be considered as a change of status can be determined based on the SLA, UE’s subscription information, or actual service parameters (e.g., accuracy level) AF requests from the 5GS.
1.3	Addressing some ENs
The conclusion for KI#1 contains several ENs. Using the information provided in the LS reply received from ITU-T SG15 and considering previous discussions in SA2, some of these EN can be (partially) addressed. 
Editor's note:	Which information to provide to AF is FFS.
As stated in Observation#3, there seems to be a common understanding that timing information is of paramount importance for typical timing service consumers; therefore, it should agree on service levels for the time synchronization service with the mobile operator beforehand. And, as there might be different technology and types of information exchanged between the nodes, the unified parameter set cannot be identified (see Observation#1) that would work for any case. Therefore, ITU-T SG15 (and some companies and operators agree with that, see S2-2205514) suggests the simplified approach where a report only informs on whether the ongoing time synchronization service parameters (set due to an AF request or UEs subscription (and complying with an SLA) are met or not. Therefore, the AF needs to be informed about whether its requested service is as requested (i.e., is OK), the requested time synchronization service parameters cannot longer be fulfilled due to 5GS synchronization degradation (the service is not as requested, i.e., not OK), or the requested time synchronization service parameters can be met again due to the 5GS synchronization improvement (i.e., the service again can fulfil the AF request. Besides this, no additional information needs to be provided to the AF.
Proposal#1: After an AF requested time synchronization service is activated (as its requested parameters can be fulfilled and the UEs have a corresponding subscription), the AF needs to be informed only when the service-specifying parameters cannot be fulfilled (due to 5GS synchronization degradation) or can be fulfilled again (due to 5GS synchronization improvement if the service is not deactivated earlier, i.e., after the degradation. 
Editor's note:	Whether both UE and AF need to be informed about time synchronization status details simultaneously, and in which cases only UE or only AF may receive it is FFS.
In order to activate a time synchronization service, a UE needs to have a corresponding subscription. KI#3 tackles this aspect, specifically, how to enforce a time synchronization service on a per UE basis based on subscription. However, here it is of importance to highlight that the procedures have been agreed upon that allows activating a time synchronization service (ASTI and (g)PTP) based on an AF request and solely based on the UE’s subscription (i.e., without an AF request). Therefore, there are two scenarios (1) with AF request and (2) without AF request and in both cases the UEs, for whom the time synchronization service is activated, must have an appropriate subscription which is check prior the activation. Reporting shall be performed with the similar principle, i.e., based on the differentiation on how the time synchronization service was activated. This aspect was discussed in S2-2208400 (https://www.3gpp.org/ftp/tsg_sa/WG2_Arch/TSGS2_153E_Electronic_2022-10/Docs/S2-2208400.zip ), specifically, 
Proposal #2: in case where there is an AF and a service is activated for UEs with the correspond subscription based on the AF request, the status report is sent only to that AF; however, in case there is no AF as such and the service was activated based on the UE’s subscription, the status report is sent only to the UE based on available subscription for the service activated.
Furthermore, any potential benefit from informing UEs about time synchronization status details have not been revealed for cases when the AF manages the corresponding services. Thus, Proposal#2 remains.
Editor's note:	It is FFS whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF timing synchronization status degradation or improvement.
This EN concerns a case when an AF manages time synchronization services for UEs that have a corresponding subscription for the service. Hence, the AF is an entity receiving a time synchronization status from the 5G network. If we assume that the AF requesting the service is a part of the client network operator’s domain, it knows the requirements for the applications/services running in its [client’s] network. Therefore, it might have more information about what is happening inside the client network, for instance, whether the timing delivered by the 5GS is the only source left and therefore it should be used for applications despite not fulfilling some earlier agreed parameters. In such cases, we see a benefit of the AF confirming about deactivation for the ongoing time synchronization services based on the action indication it receives from TSCTSF (via NEF).
Proposal #3: After a TSCTSF determines that the AF-requested Time synchronization error budget cannot be met (due to RAN or UPF time synchronization status degradation), the TSCTSF informs the AF about the change in time synchronization status and indicates the intention to remove the UE/DS-TT from the PTP instance (in PTP case) or to change the access stratum time distribution indication to “disable” (in ASTI case). The TSCTSF shall execute the actions based on a response from the AF.

2.	Text proposal
In line with the proposals made in the previous clause, it is proposed to agree the following changes to TR 23.700-25:
>>>> Start of Change <<<<
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8.5	Conclusion for KI #1: 5GS network timing synchronization status and reporting
The following bullet points summarize the principles for the way forward:
-	Detecting and reporting RAN and UPF timing synchronization status to TSCTSF.
Editor's note:	What the RAN and UPF timing synchronization status consists of is FFS.
-	NG-RAN and UPF/NW-TT can detect timing synchronization degradation/failure/improvement locally.
NOTE:	The detection is performed based on information provided by time synchronization protocols used in the transport network for both RAN and UPF, or, in the case of NG-RAN, using information provided by a local GNSS receiver. However, in any case, the details on how exactly NG-RAN/UPF detects timing synchronization degradation/failure/improvement locally are beyond the scope of 3GPP.
-	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT directly from OAM.
-	Alternatively, TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT using control plane signalling at node level. For UPF/NW-TT case the TSCTSF may use UMIC. For NG-RAN case the TSCTSF may obtain NG-RAN information via the AMF (i.e. AMF uses NGAP signalling to configure the NG-RAN reporting).
Editor's note:	How to support additional methods (NGAP, control plane signalling, etc.) to obtain timing synchronization status from NG-RAN requires RAN feedback.
-	UE determining that the RAN timing synchronization status changed using:
-	SIB broadcast information to enable UEs in RRC_IDLE and RRC_INACTIVE and in case of RRC_CONNECTED UEs, dedicated RRC signalling, to enable UEs to determine that:
-	the timing synchronization status of the cell that the UE is camping on has changed;
-	the timing synchronization status of the new cell the UE is camping on after cell reselection is different compared to the timing synchronization status of the cell that the UE was previously camping on.
-	If the UE has determined that the RAN timing synchronization status has changed and the UE has been requested by the TSCTSF to connect to the network in case the RAN timing synchronization status changes, the UE performs a registration (if the UE is in RRC_IDLE) or the UE Triggered Connection Resume in RRC Inactive procedure (if the UE is in RRC_INACTIVE).
Editor's note:	Whether the UE performs a Registration also in Inactive is FFS.
Editor's note:	The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
Editor's note:	How to provide RAN timing synchronization status information to the UE is FFS and will be coordinated with RAN WGs. Details of which RAN timing synchronization status information to provide to the UE will be determined based on feedback from ITU-T.
-	Determining UEs impacted by RAN timing synchronization status degradation/improvement:
-	TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for or which are configured for (g)PTP-based time synchronization based on subscription.
-	When activating time synchronization for a UE, TSCTSF requests the UE to connect to the network via AMF (i.e. to perform a registration if the UE is in RRC_IDLE or the UE Triggered Connection Resume in RRC Inactive (if the UE is in RRC_INACTIVE) in case when  the UE later detects that the RAN timing synchronization status has changed while the UE is in RRC_IDLE or RRC_INACTIVE.
-	TSCTSF correlates information about impacted RAN nodes and the UE location information received from AMF to determine the UEs impacted by RAN timing status degradation/failure/improvement.
Editor's note:	Whether alternatively NG-RAN can be responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF via NG-AP signalling, together with the impacted UE(s) is FFS.
-	Determining UEs impacted by UPF timing synchronization status degradation or improvement (only for the case when UPF/NW-TT is involved in providing time information to DS-TT):
-	TSCTSF determines the UEs for which an impacted UPF/NW-TT is configured to send (g)PTP messages.
-	Informing AFs about network timing synchronization status degradation or improvement:
-	If TSCTSF has determined UEs impacted by RAN or UPF timing synchronization status degradation or improvement or failure then TSCTSF informs the AF about the timing synchronization status for those UEs if the AF was the requester of the time synchronization service.
-	The AF may subscribe to time synchronization service status for a UE (or group of UEs) for which the AF requests or has requested time synchronization service (for ASTI or (g)PTP services).
-	For the subscribed AFs the TSCTSF provides time synchronization service status.
-	Informing UEs about network timing synchronization status change impacting the service:
-	If the RAN or UPF timing synchronization status degradation/improvement/failure impacts the activated time synchronization service for UE(s), the TSCTSF informs the UE(s) about a new timing synchronization status if the service has been activated without an AF request but solely based on the UEs subscription. 
-	The UE(s) is/are not informed about the timing synchronization status degradation/improvement/failure if the AF is a requester of a time synchronization service (e.g., when PTP is used, this report is given to the UE in the clockQuality parameter, and no other report is necessary).
· Information in a time synchronization status report sent to an AF or to a UE:
· A report shall be based on the parameters and their values specified in the agreement between the 5G network operator and the client network operator and reflecting the overall (i.e., end-to-end) timing accuracy that is expected to be delivered at the output of the 5GS to the client network.
NOTE:	An overall (i.e., end-to-end) timing accuracy that can be delivered by the 5G network is impacted by (1) characteristics of the UE clock resulting in a certain UE internal accuracy, (2) air interface (Uu) part (i.e., between the gNB and the UE), and (3) core network (CN) part (i.e., 5GS up to gNB antenna). As per Rel-17 specifications, both (1) and (2) are assessed with simplification and delivering an accurate CN component will not contribute to the knowledge about the overall accuracy that can be delivered by the 5G network to the client network.
· A report shall inform the AF or the UE(s) about whether a certain subset of the values (requested by the AF or stated in the UE’s subscription) for the applicable parameters are no longer fulfilled due to 5GS synchronization degradation/failure (i.e., the service is no longer able to fulfil the requested/subscribed parameters) or the time synchronization service parameters can be met again due to the 5GS synchronization improvement (i.e., the service again can fulfil the AF request/UE’s subscription). Besides this, no additional information needs to be provided to the AF/UE(s).
NOTE:	 As an example of parameters, which can be included in such agreements, is clockQuality information that is used to determine whether the offered service meets the agreed minimum performance and is sufficient for the client application to select a local clock or use the timing delivered by the 5GS.
Editor’s note:	 How the applicable parameters are represented in a status report (i.e., whether to provide specific metrics from the agreement between the MNO and the client network operator or just an indication (e.g., OK or not OK) about whether the agreed requirements are fulfilled or not, or whether to support a combination of both approaches) is FFS.
Editor's note:	Whether both UE and AF need to be informed about time synchronization status details simultaneously, and in which cases only UE or only AF may receive it is FFS.
-	Deactivating/reactivating/updating time synchronization services based on RAN/UPF timing synchronization status changes:
-	PTP case: For UEs that are part of a PTP instance and which are impacted by RAN or UPF time synchronization status degradation or improvement:
-	If TSCTSF determines that the Time synchronization error budget provided by AF can still be met, then TSCTSF may update the clockQuality information sent in Announce messages (see clause 7.6.2 of IEEE 1588 [8]) for the PTP instance using existing procedures and existing PMIC/UMIC information. The handling of Announce messages follows existing procedures as described in TS 23.501 [2].
-	If TSCTSF determines that the Time synchronization error budget provided by AF cannot be met (see above) then TSCTSF informs the AF about the intention to temporarily removes the UE/DS-TT from the PTP instance and performs the action using existing procedures in clause K.2.2.1 and clause K.2.2.4 of TS 23.501 [2]) after receiving the confirmation. If the AF declines the intention, the TSCTSF keeps the service active.
-	If TSCTSF determines that the Time synchronization error budget provided by AF can be met again then TSCTSF adds the DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.
-	ASTI case: TSCTSF updates the access stratum time distribution indication to "enable" or "disable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF depending on whether the Time synchronization error budget can or cannot be met (following Rel-17 operations as described in clause 4.15.9.4 of TS 23.502 [3]). However, before updating the access stratum time distribution indication from “enable” to “disable”, the TSCTSF needs to inform the AF (in case the ASTI service was activated based on the AF request) about the intention and receive the confirmation; otherwise, the TSCTSF keeps the indication unchanged.
Editor's note:	It is FFS whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF timing synchronization status degradation or improvement.

>>>> End of Changes <<<<
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