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Q13/15 thanks 3GPP SA WG2 for your liaison on Monitoring of network time synchronization and relevant parameters (TD79/3, S2-2207723).
The liaison was reviewed at the Q13/15 meeting held during the SG15 Plenary (19-30 September 2022).
The following questions were discussed, and answers are provided below:
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)? 
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? 

The handling of multiple timing sources in a synchronization network is a common practice in order to allow for proper protection and redundancy.
This is particularly important as synchronization is in fact a fundamental enabler for the operation of telecommunications networks, and various types of failures or intentional attacks could happen that can deteriorate the performance of the synchronization network (fiber cuts or GNSS jamming are typical examples).
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. 
As an example, when synchronization is carried over the physical layer (frequency sync via synchronous ethernet is a typical example), the synchronization network is designed (e.g., in terms of type and number of cascaded clocks) so that performance of the network is within the applicable objective requirements. Information is carried via dedicated messages, so called SSM (Synchronization Status Message, see ITU-T G.781) to inform on the traceability (i.e., the quality of the clock at the top of the synchronization chain). The SSM is also used to prevent timing loops. The SSM messaging channel has been recently enhanced to carry additional information such as number of cascaded clocks (“enhanced ESMC”, see ITU-T G.8264).
In case of PTP-based synchronization networks, the BMCA (Best Master Clock Algorithm) creates the synchronization hierarchy via exchange of Announce messages (see ITU-T G.8275.1). The information carried over the Announce messages allows a clock to select the best source of timing, and it also allows for rearrangements in the networks in case of failures or changes that have happened in the networks.
As an example, the Announce messages as defined by G.8275.1 (Telecom profile with full timing support from the network) includes parameters such as clockClass (see copy of Table 2 from G.8275.1 below), clockAccuracy, etc. This information is mainly related to the performance of the clock at the top of the synchronization chain. Performance at the output of the synchronization chain must be guaranteed via proper network design. The use of a TLV that can carry additional information, such as the estimated accumulated time error at the output of the synchronization chain, is under study by Q13/15.
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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.  
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.
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.
Revised Recommendation G.8275.1 and Amendment 1 to G.8271 have been consented at this meeting. Copy of the consented documents are attached to this liaison.
We look forward to fruitful cooperation.
References: 
1) ITU-T Rec. G.781 Amd1 
2) ITU-T Rec. G.8264
3) ITU-T Rec. G.8275.1 
Attachments: TD4R1/PLEN and TD75R1/PLEN
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image2.emf
Table 2  –   Applicable clockClass   values  

Phase/time traceability description  defaultDS.   clockQuality.  clockClass  frequencyTraceable  flag  timeTraceable  flag  

T - GM connected to a PRTC in locked  mode (e.g., PRTC traceable to GNSS)  6  TRUE  TRUE  

T - GM in holdover, within holdover  specification, traceable to Category 1  frequency source (Note 1)  7  TRUE  TRUE  

T - GM in holdover, within holdover  specification, non - traceable to Category 1  frequency source (Note 1)  7  FALSE  TRUE  

T - BC in holdover, within holdover  specification, traceable to Category 1  frequency source (Note 1)  135  TRUE  TRUE  

T - BC in holdover, within holdover  specification, non - traceable to Category 1  frequency source (Note 1)  135  FALSE  TRUE  

T - GM in holdover, out of holdover  specification, traceable to Category 1  frequency source (Note 1)  140  TRUE  FALSE  

T - GM in holdover, out of holdover  specification, traceable to Category 2  frequency source (Note 1)  150  FALSE  FALSE  

T - GM in holdover, out of holdover  specification, traceable  to Category 3  frequency source (Note 1)  160  FALSE  FALSE  

T - BC in holdover, out of holdover  specification (Note 1)  165  (Note 2)  FALSE  

T - GM or T - BC in free - run mode  248  (Note 2)  FALSE  

Slave only OC (does not send  Announce   messages)  255  (Note 2)  As per  PTP  

NOTE 1     The holdover specification threshold controlling the time spent advertising clockClass values 7  or 135 could be set to zero so that the T - GM or T - BC would advertise a degraded clockClass value  directly after losing traceability to a PRTC. In  this case, initially after advertising clockClass values 140,  150, 160, or 165, a clock may still be within the holdover specification.   NOTE 2     The frequencyTraceable flag may be TRUE or FALSE, depending on the availability of a  PRC - traceable physical lay er frequency input signal.   NOTE 3  –   As an option, the clockClass range of a T - BC can be extended from (135, 165, 248) to (135,  140, 150, 160, 165, 248) for some cases, where (a) 140, 150, 160, and 165 are related to the quality of the  frequency reference,  (b) the applicable circumstances of 140, 150, and 160 are the same as for the T - GM,  and (c) 165 corresponds to synchronous Ethernet equipment clock (EEC) or the OTN equipment clock  (OEC). Details are in Appendix X. If this option is used, then in a single  PTP domain, all PTP clocks  should implement this option (and should not be intermixed with clocks that do not implement this  option). Details are for further study.   NOTE 4  –   The term "holdover" in this table refers to "time holdover".   NOTE 5  –   Refer to  Appendix VII for more information about the behaviour of a T - BC that was previously  synchronizing to a T - GM or a T - BC that is advertising 'within holdover specification' ,  'out of holdover  specification' ,   or 'free - run mode' .  
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