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1. Introduction
The previous RAN3#119bis-e meeting discussed the new WID on NR Timing Resiliency and URLLC enhancements [1], and agreed the BLCRs containing the editor notes/FFSs and with the following open issues:
	When the Clock Quality Detail Level is set to “metrics”, is there any additional information included in the Clock Quality Reporting Control Information (e.g. clock quality metrics subscribed by the UE)? To be continued…
Impact of mobility on RAN feedback for low latency communication is FFS.
Whether to use new or existing procedures to support RAN TSS reporting over NG and F1 is FFS.


Meanwhile, the previous RAN2#121bis-e meeting made the following agreements relevant to RAN3 [2]: 
	Agreements
1. RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID.  The scenario, as per RAN3 will be supported - different cells within gNB that are served by different DUs and different clock quality is possible.  
2. Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
a. RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via an event ID in SIB9 by comparison with the one maintained locally.  
b. RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message


This paper continues to discuss the potential RAN3 impacts according to the latest agreements at SA2, and provides corresponding TPs in the annex parts.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Messages for RAN TSS reporting 
As discussed in the SOD in R3-231971 at the previous meeting, generally there are two major options as follows. 
	Solution 1: AMF requests reporting of RAN TSS information using a new Class 1 procedure.
· New AMF-initiated Class 1 procedure to enable the AMF to request RAN TSS information from the gNB.
· New gNB-initiated Class 2 procedure to enable the gNB to report RAN TSS information to the AMF. 
Solution 2: gNB is configured via OAM to provide RAN TSS, and existing procedures are reused.
· Enhance the NG SETUP REQUEST and RAN CONFIGURATION UPDATE messages to optionally include RAN TSS information.
Solution 2A: gNB is configured via OAM to provide RAN TSS, and gNB reports RAN TSS using a new Class 2 procedure.
· New gNB-initiated Class 2 procedure to enable the gNB to report RAN TSS information to the AMF.


Meanwhile, the SA2 agreed CR in [4] and [5] has the following changes. 
	In S2-2306224: 
<Skip the irrelevance>
-	TSCTSF may receive node-level information about timing synchronization status from gNB and/or UPF/NW-TT directly from OAM or alternatively, if supported by a node, using control plane signalling at node level. Node level signalling uses UMIC for UPF/NW-TT case and an AMF service to report N2 node level information for gNB case. In the latter case, the AMF controls the gNB node level reporting and subscription using NGAP messages (see TS 38.413 [34]).
<Skip the irrelevance>
The network timing synchronization status information from gNB or UPF/NW-TT to the TSCTSF may contain the following information as described in the Table 5.27.1.12-1. However, it is up to gNB to determine whether to provide its timing synchronization status reporting and which of the information elements to include in the TSS report to the TSCTSF, i.e., based on the implementation gNB may report all, some, or none of the information elements from Table 5.27.1.12-1.

In S2-2306225
4.15.9.X.Y TSCTSF subscription to RAN and/or UPF/NW-TT timing synchronization status
<Skip the figure>
0.	The AF requests creation or modification of ASTI or PTP based time synchronization service as described in clauses 4.15.9.4 and 4.15.9.3 including clock quality acceptance criteria in the request. 
1-3.	(When the procedure is triggered by the AF request to influence the 5G access stratum time distribution or by PTP instance activation, modification):
Upon the reception of the clock quality acceptance criteria in the AF request in step 0, the TSCTSF needs to be subscribed to NG-RAN timing synchronization status updates at the NG-RAN nodes that may provision access stratum time distribution information to the target UE. NG-RAN timing synchronization status updates provisioning may be configured via OAM or via AMF (with node level signalling as illustrated in steps 1-3).


Though SA2 has specified that the AMF can “control” the gNB node level reporting and subscription, in our view, there is no real motivation for the AMF request the TSS, while it is finally up to the RAN to report all, some, or none of attributes based on the gNB implementation. When the OAM configures the TSS attributes, it should configure the same towards the CN and the RAN. Also note that TS 23.501 states that “RAN nodes may be pre-configured with the thresholds for each timing synchronization status attribute”.  
By contrast, solution 2/2A is simple and straightforward. If there are some concerns to reuse the existing NG interface management messages to convey the TSS information, then the solution 2A can be taken as starting point, and further discuss if the new class 1 procedure is needed. 
Proposal 1: For NGAP, for gNB reporting TSS to the AMF, take solution 2A as starting point, then discuss if the AMF triggered procedure is needed.
In CU-DU split deployment, it should be the DU that maintains the RAN timing synchronization status, and reports the CU, finally to the AMF. Thus, the node-level RAN timing synchronization status reporting from the DU to the CU is needed over the F1AP interface. 
Similar to discussions above for NGAP, a new class 2 procedure to report the (DU) node-level RAN timing synchronization status reporting from the gNB-DU to the gNB-CU can be introduced.
Proposal 2: For F1AP, introduce a new class 2 procedure to report the node-level RAN timing synchronization status reporting from the gNB-DU to the gNB-CU, as a starting point.  
2.2 TSS area report to the AMF
The previous RAN3-119bis-e meeting has the following common understanding. 
· It’s the common understanding that RAN Timing Synchronization Status Information can be the same or different between “groups of cells within a single gNB” (e.g., cells served by different gNB-DUs).
As discussed in the reply LS to SA2, the clock quality information could be the same for some or all cells of a gNB as follows. 
	RAN3 answer:
-	Depending on gNB topology, clock quality information can be the same for some or all cells of a gNB. Also, topologies can exist where clock quality information is different between “groups of cells within a single gNB” (e.g. cells served by different gNB-DUs).



Meanwhile the SA2 agreed CR in In S2-2306224 has clearly indicated that the scope of the TSS (either node level, or a list of cells) are reported to the AMF, as follows. 
	gNBs may be pre-configured with thresholds for each timing synchronization status attribute, if supported, that is described in Table 5.27.1.12-1. When the network timing synchronization status exceeds the thresholds (i.e. status degradation), or the network timing synchronization status meets the thresholds again (i.e. status improvement), the gNB notifies the TSCTSF (either using N2 node level signalling via AMF, or via OAM) with the gNB ID, the scope of the timing synchronization status (i.e., all cells or a list of Cell IDs within a single gNB) and the corresponding network timing synchronization status (TSS) attributes as described in this clause. The gNB indicates the status change to the UEs via SIB9:



It can be observed that the gNB may report a node level or a group of cells level TSS to the AMF. In non-CU-DU split architecture, a node-level synchronization status is sufficient. While for the CU-DU split case, different gNB-DUs connected to the same gNB-CU may hold different clock quality information. Hence, RAN node should notify the TSCTSF about the timing synchronization status per TSS area over the NGAP interface. About the detailed TSS area, it can be a set as a list of cells. Hence, a CHOICE structure is proposed for the TSS report, either in a RAN node level, or a RAN area level TSS (in terms of cells). 
Below provides an exemplary tabular structure. 
	9.3.1.XX1	RAN Timing Synchronisation Status Information Scope 
This IE indicates the time synchronization status information of the NG-RAN node as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE TSS Information
	M
	
	
	

	>RAN node level
	
	
	
	

	>> RAN Timing Synchronisation Status Information
	M
	
	9.3.1.X3
	

	>RAN node area level
	
	
	
	

	>>RAN Timing Synchronization Status Area List
	M
	
	9.3.1.xx2
	


9.3.1.XX2	RAN Timing Synchronization Status Area List
This IE indicates the time synchronization status list of the NG-RAN node as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Timing Synchronization Status Area Item
	
	1..<maxnoofTSSItems>
	
	

	>Cell List Areas 
	
	1..<maxnoofCelllistareas>
	
	

	>>NG-RAN CGI
	M
	
	9.3.1.73
	

	> RAN Timing Synchronisation Status Information
	M
	
	9.3.1.X3
	






Proposal 3: For NGAP, introduce a CHOICE structure for RAN timing synchronization status report (either node level or cell list level) from the gNB (gNB-CU) to the AMF. While there is no such need for F1AP. 
2.3 TSS parameters encoding
In the SA2 agreed CR [4], the TSS information elements included in the RAN timing synchronization status is updated as follows:
	Table 5.27.1.12-1: Information elements that gNB or UPF/NW-TT timing synchronization status information may contain (all optional)
	Information Name
	Description


	Synchronization state
	Indicates the state of the node synchronization, represented by the values "Locked", "Holdover", or "Freerun" (NOTE 1).


	Clock quality
	

	>> Traceable to GNSS
	Indicates whether the current time source is traceable to the GNSS and represented by values “Yes” or “No”  

	>> Traceable to UTC
	Indicates whether the current time source is traceable to the UTC and represented by values “Yes” or “No”

	>> Frequency stability
	Describes the estimate of the variation of the local clock when it is not synchronized to another source (NOTE 2).

	>> PTP clockClass
	The attribute is defined in Table 5.28.3.1-2 and available under the assumption that the nodes is synchronized using (g)PTP.

	>> Clock Accuracy
	Describes the mean in ns over an ensemble of measurements of the time between the clock under test and a reference clock (NOTE 3)

	Parent time source
	Describes the primary source the node is currently using, represented by the values  "PTP", "GNSS", "atomic clock", "terrestrial radio", "serial time code", "NTP", "hand_set", "other".

	NOTE 1:	Clock is in the "Locked", "Holdover", or "Freerun" mode, as defined in ITU‑T G.810 [164].
NOTE 2: 	Frequency stability is estimated in a similar manner as for offsetScaledLogVariance attribute defined in clause 7.6.3.5 of IEEE Std 1588 [126].
NOTE 3: 	Clock accuracy measurement considers accuracy up to gNB antenna and RAN internal process.






Below provides the encoding format for each TSS attribute.  
· Frequency Stability
This IE refers to the offsetScaledLogVariance attribute defined in clause 7.6.3.5 of IEEE Std 1588. As clarified in the following note excerpted from the IEEE Std 1588 specification, it can be observed that the smallest value and the largest value of offsetScaledLogVariance are 0 (corresponds to 000016) and 65534 (corresponds to FFFE16). Then the Frequency Stability can take 2byte integer value (i.e. from 0 to 65534), and refer to the IEEE Std 1588 specification. 
	NOTE 2—The smallest variance that can be represented is 2–128 or ~3 × 10–39 s2, which results in an offsetScaledLogVariance of 000016. The maximum variance that can be represented is ~2+127.99219, which results in an offsetScaledLogVariance of FFFE16.


· PTP clockClass
As shown in Table 4 in clause 7.6.2.5 of IEEE Std 1588, the PTP clockClass can take a value from 0 to 255. Then the PTP clockClass can take an integer value (i.e. from 0 to 255), and refer to the IEEE Std 1588 specification. 
· Clock Accuracy
In clause 7.6.2.6 of IEEE Std 1588, the value of clockAccuracy can take the enumeration value in the following table. Hence, the Clock Accuracy can refer to Table 5 of clause 7.6.2.6 of IEEE Std 1588 specification, and take an integer value from 0 to 255. 
	Table 5—clockAccuracy enumeration
	Value (hex)
	Specification

	00 to 16
	Reserved

	17
	The time is accurate to within 1 ps

	18
	The time is accurate to within 2.5 ps

	19
	The time is accurate to within 10 ps

	1A
	The time is accurate to within 25 ps

	1B
	The time is accurate to within 100 ps

	1C
	The time is accurate to within 250 ps

	1D
	The time is accurate to within 1 ns

	1E
	The time is accurate to within 2.5 ns

	1F
	The time is accurate to within 10 ns

	20
	The time is accurate to within 25 ns

	21
	The time is accurate to within 100 ns

	22
	The time is accurate to within 250 ns

	23
	The time is accurate to within 1 µs

	24
	The time is accurate to within 2.5 µs

	25
	The time is accurate to within 10 µs

	26
	The time is accurate to within 25 µs

	27
	The time is accurate to within 100 µs

	28
	The time is accurate to within 250 µs

	29
	The time is accurate to within 1 ms

	2A
	The time is accurate to within 2.5 ms

	2B
	The time is accurate to within 10 ms

	2C
	The time is accurate to within 25 ms

	2D
	The time is accurate to within 100 ms

	2E
	The time is accurate to within 250 ms

	2F
	The time is accurate to within 1 s

	30
	The time is accurate to within 10 s

	31
	The time is accurate to >10 s

	32 to 7F
	Reserved

	80 to FD
	Designated for assignment by alternate PTP Profiles

	FE
	Unknown

	FF
	Reserved





Besides, in RRC specification, the uncertainty parameter contained in the ReferenceTimeInfo IE also indicates the accuracy of the 5G clock. Alternatively, the Clock Accuracy can refer to the uncertainty parameter contained in the ReferenceTimeInfo IE, i.e. take an integer value from 0 to 32767 and in the unit of 25ns. Hence, the Clock Accuracy can take following values  for the Choice structure:
· Choice 1: Refer to Table 5 of clause 7.6.2.6 of IEEE Std 1588 specification, and take an integer value from 0 to 255.
· Choice 2: Take an integer value from 0 to 32767 and in the unit of 25ns.
· Parent Time Source
As observed in the SA2 CR [3], ‘syncE’ has been removed from the values of Parent Time Source. Accordingly, it can be removed from the BL CRs.

Based on the above discussion, the detailed TSS parameters are proposed as follows. 
Proposal 4: The Frequency Stability can take an Integer value from 0 to 65534, and can refer to the IEEE Std 1588 specification.
Proposal 5: The PTP clockClass can take an integer value (i.e. from 0 to 255), and refer to Table 4 in clause 7.6.2.5 of the IEEE Std 1588 specification.
Proposal 6: The Clock Accuracy includes the following two choices:
· Choice 1: Refer to Table 5 of clause 7.6.2.6 of IEEE Std 1588 specification, and take an integer value from 0 to 255.
· Choice 2: Take an integer value from 0 to 32767 and in the unit of 25ns.
Proposal 7: Remove the ‘syncE’ value for Parent Time Source.
2.4 AMF providing clock quality reporting control information per-UE to the gNB
The SA2 CR [3] captures the following descriptions about the clock quality reporting control information. 
	For 5G access stratum time synchronization service, clock quality reporting control information manages the gNBs timing synchronization status reporting to the UE. When AMF provides the 5G access stratum time distribution indication and the Uu time synchronization error budget to gNB, the AMF also includes the clock quality reporting control information (CQRCI) provided by the TSCTSF or retrieved from UDM. CQRCI may be a part of Access and Mobility Subscription data at the UDM, and AF may include CQRCI in its request. CQRCI contains the following fields:
-	Clock quality detail level. It indicates whether and which clock quality information to provide to the UE and can take one of the following values: clock quality metrics or acceptable/not acceptable indication.
-	If the clock quality detail level equals "clock quality metrics", the NG-RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to one or more of the following information elements: clock accuracy, traceability to UTC and to GNSS, frequency stability, parent time source, synchronization state as defined in Table 5.27.1.12-1.
[bookmark: OLE_LINK3]-	If the clock quality detail level equals "acceptable/not acceptable indication", clock quality acceptance criteria for the UE. The gNB provides an acceptable indication to the UE if the gNB's timing synchronization status matches the acceptance criteria received from the AMF; otherwise, the gNB indicates "not acceptable" to the UE. Clock quality acceptance criteria can be defined based on one or more information elements listed in Table 5.27.1.12-1 with the exception of PTP clockClass. If AF includes clock quality acceptance criteria in its request towards TSCTSF, the AF shall be notified about the result once TSCTSF determines whether the clock quality acceptance criteria can be met or not. Based on the notification, the AF may decide to modify the service if preferred (e.g., disable the service upon degradation or enable it again upon recovery).


It can be observed the clock quality reporting control information includes Clock quality detail level, and can take one value from clock quality metrics or acceptable/not acceptable indication. 
· If Clock quality detail level takes the value of clock quality metrics, the RAN node can provide the detailed 5G Clock quality information to the UEs. A bitmap IE can be indicated as the quality metrics, in which each bit corresponds to one clock quality metric. 
· If Clock quality detail level takes the value of acceptable/not acceptable indication, the AMF shall also provide the clock quality acceptance criteria. Since the Clock Quality Acceptance Criteria will be designed with the CN, e.g., between the TSCTSF and AF, its IE type can be set to octet string, and the exact encodings can be left to CT4. 
Proposal 8: About the per-UE clock quality reporting control information,
· A bitmap is introduced to indicate the exact clock quality metrics, in which each bit corresponds to one clock quality metric; 
· The Clock Quality Acceptance Criteria is set as Octet string and the details up to other groups.  
2.4 Potential LS to RAN2
As agreed by RAN2-120bis-e meeting, 
· RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message
In order to assist RAN2 progress, a LS to RAN2 is needed to indicate the clock quality reporting control information. Typically, 
· When the clock quality detail level equals “clock quality metrics”, RAN3 can indicate to RAN2 about the detailed clock quality formats for all possible metrics including clock accuracy, traceability to UTC and to GNSS, frequency stability, parent time source, synchronization state etc.  
· When the clock quality detail level equals "acceptable/not acceptable indication", the gNB just notifies the UE acceptable/not acceptable indication. 
Based on the above, RAN2 can design the dedicated RRC message for connected UE about the 5G clock information at the first stage. 
In addition, RAN2 agreed the event ID is used for the RRC inactive/idle UE without any scope ID since the gNB ID can be used to represent the scope of the report ID. In the case where different DUs have different 5G Clock quality information, the “Event ID” can be different for different DUs configured by the OAM. Thus it seems no need to contact with the RAN2. 
Proposal 9: Send a LS to RAN2 about the details of the 5G Clock quality information delivered to the connected UE to assist RAN RRC signalling design.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we make the following proposals:
Proposal 1: [bookmark: _Toc423020280]For NGAP, for gNB reporting TSS to the AMF, take solution 2A as starting point, then discuss if the AMF triggered procedure is needed.
Proposal 2: For F1AP, introduce a new class 2 procedure to report the node-level RAN timing synchronization status reporting from the gNB-DU to the gNB-CU, as a starting point.  
Proposal 3: For NGAP, introduce a CHOICE structure for RAN timing synchronization status report (either node level or cell list level) from the gNB (gNB-CU) to the AMF. While there is no such need for F1AP. 
Proposal 4: The Frequency Stability can take an Integer value from 0 to 65534, and can refer to the IEEE Std 1588 specification.
Proposal 5: The PTP clockClass can take an integer value (i.e. from 0 to 255), and refer to Table 4 in clause 7.6.2.5 of the IEEE Std 1588 specification.
Proposal 6: The Clock Accuracy includes the following two choices:
· Choice 1: Refer to Table 5 of clause 7.6.2.6 of IEEE Std 1588 specification, and take an integer value from 0 to 255.
· Choice 2: Take an integer value from 0 to 32767 and in the unit of 25ns.
Proposal 7: Remove the ‘syncE’ value for Parent Time Source.
Proposal 8: About the per-UE clock quality reporting control information,
· A bitmap is introduced to indicate the exact clock quality metrics, in which each bit corresponds to one clock quality metric; 
· The Clock Quality Acceptance Criteria is set as Octet string and the details up to other groups.  
Proposal 9: Send a LS to RAN2 about the details of the 5G Clock quality information delivered to the connected UE to assist RAN RRC signalling design.
The TPs to TS 38.413, TS 38.473 and TS 38.423 are captured in Annexes respectively.  Furthermore, an LS to RAN2 is provided in the Annex D.
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Annex A – TP to TS 38.413
	Change Begins


<Unchanged Text Omitted>
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
<Unchanged Text Omitted>
[50]	3GPP TS 23.203: "Policy and charging control architecture".
[51]	3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and interaction".
[52]	3GPP TS 26.118: "Virtual Reality (VR) profiles for streaming applications".
[AA]	IEEE Std 1588: "IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and Control Systems", Edition 2019.
<Unchanged Text Omitted>
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For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5GC	5G Core Network
5QI	5G QoS Identifier
ACL	Access Control List
AMF	Access and Mobility Management Function
CAG	Closed Access Group
CGI	Cell Global Identifier
CP	Control Plane
DAPS	Dual Active Protocol Stacks
DC	Dual Connectivity
DL	Downlink
EPC	Evolved Packet Core
FN-RG	Fixed Network Residential Gateway 
GUAMI	Globally Unique AMF Identifier
HFC	Hybrid Fiber-Coax
IAB	Integrated Access and Backhaul
IMEISV	International Mobile station Equipment Identity and Software Version number
LMF	Location Management Function
MBS	Multicast/Broadcast Service
N3IWF	Non 3GPP InterWorking Function
NB-IoT	Narrow Band Internet of Things
NID	Network Identifier
NGAP	NG Application Protocol
NPN	Non-Public Network
NRPPa	NR Positioning Protocol Annex
NSAG	Network Slice AS Group
NSCI	New Security Context Indicator
NSSAI	Network Slice Selection Assistance Information
OTDOA	Observed Time Difference of Arrival
PEIPS	Paging Early Indication with Paging Subgrouping
PNI-NPN	Public Network Integrated Non-Public Network
ProSe	Proximity Services 
PSCell	Primary SCG Cell
PTP	Point to Point
PTM	Point to Multipoint
QMC	QoE Measurement Collection
QoE	Quality of Experience
RedCap	Reduced Capability
RIM	Remote Interference Management
RIM-RS	RIM Reference Signal
RSN	Redundancy Sequence Number
SCG	Secondary Cell Group
SCTP	Stream Control Transmission Protocol
SgNB	Secondary gNB
SMF	Session Management Function
S-NG-RAN node	Secondary NG-RAN node
SNPN	Stand-alone Non-Public Network
S-NSSAI	Single Network Slice Selection Assistance Information
TAC	Tracking Area Code
TAI	Tracking Area Identity
TSS	Timing Synchronization Status
TNAP	Trusted Non-3GPP Access Point
TNGF	Trusted Non-3GPP Gateway Function
TNLA	Transport Network Layer Association
TWAP	Trusted WLAN Access Point
TWIF	Trusted WLAN Interworking Function
UL	Uplink
UP	User Plane
UPF	User Plane Function 
V2X	Vehicle-to-Everything
W-AGF	Wireline Access Gateway Function
WUS	Wake Up Signal

<Unchanged Text Omitted>
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In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):
<Unchanged Text Omitted>

Table 8.1-2: Class 2 procedures
	Elementary Procedure
	Message

	Downlink RAN Configuration Transfer
	DOWNLINK RAN CONFIGURATION TRANSFER

	Downlink RAN Status Transfer
	DOWNLINK RAN STATUS TRANSFER

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Error Indication
	ERROR INDICATION

	Uplink RAN Configuration Transfer
	UPLINK RAN CONFIGURATION TRANSFER

	Uplink RAN Status Transfer
	UPLINK RAN STATUS TRANSFER

	Handover Notification
	HANDOVER NOTIFY

	Initial UE Message
	INITIAL UE MESSAGE

	NAS Non Delivery Indication
	NAS NON DELIVERY INDICATION

	Paging
	PAGING

	PDU Session Resource Notify
	PDU SESSION RESOURCE NOTIFY

	Reroute NAS Request
	REROUTE NAS REQUEST

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	AMF Status Indication
	AMF STATUS INDICATION

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	Downlink UE Associated NRPPa Transport
	DOWNLINK UE ASSOCIATED NRPPA TRANSPORT

	Uplink UE Associated NRPPa Transport
	UPLINK UE ASSOCIATED NRPPA TRANSPORT

	Downlink Non UE Associated NRPPa Transport
	DOWNLINK NON UE ASSOCIATED NRPPA TRANSPORT

	Uplink Non UE Associated NRPPa Transport
	UPLINK NON UE ASSOCIATED NRPPA TRANSPORT

	Trace Start
	TRACE START

	Trace Failure Indication
	TRACE FAILURE INDICATION

	Deactivate Trace
	DEACTIVATE TRACE

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Location Reporting Control
	LOCATION REPORTING CONTROL

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION

	Location Report
	LOCATION REPORT

	UE TNLA Binding Release
	UE TNLA BINDING RELEASE REQUEST

	UE Radio Capability Info Indication
	UE RADIO CAPABILITY INFO INDICATION

	RRC Inactive Transition Report
	RRC INACTIVE TRANSITION REPORT

	Overload Start
	OVERLOAD START

	Overload Stop
	OVERLOAD STOP

	Secondary RAT Data Usage Report
	SECONDARY RAT DATA USAGE REPORT

	Uplink RIM Information Transfer
	UPLINK RIM INFORMATION TRANSFER

	Downlink RIM Information Transfer
	DOWNLINK RIM INFORMATION TRANSFER

	Retrieve UE Information
	RETRIEVE UE INFORMATION

	UE Information Transfer
	UE INFORMATION TRANSFER

	RAN CP Relocation Indication
	RAN CP RELOCATION INDICATION

	Connection Establishment Indication
	CONNECTION ESTABLISHMENT INDICATION

	AMF CP Relocation Indication
	AMF CP RELOCATION INDICATION

	Handover Success
	HANDOVER SUCCESS

	Uplink RAN Early Status Transfer
	UPLINK RAN EARLY STATUS TRANSFER

	Downlink RAN Early Status Transfer
	DOWNLINK RAN EARLY STATUS TRANSFER

	Multicast Group Paging
	MULTICAST GROUP PAGING

	Broadcast Session Release Required
	BROADCAST SESSION RELEASE REQUIRED

	TSS Information Transfer
	TSS INFORMATION TRANSFER
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8.xx.1.1	General
The purpose of the TSS Information Transfer procedure is to transfer the RAN timing synchronization status information to the AMF. The procedure uses non-UE associated signalling.
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Figure 8.17.4.2-1: Broadcast Session Release Required, successful operation.
The NG-RAN node initiates the procedure by sending the TSS INFORMATION TRANSFER message to the AMF.
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Void.
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This message is sent by the NG-RAN node to provide the timing synchronization status.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Timing Synchronisation Status Information
	M
	
	9.3.1.y1
	
	YES
	reject



<Unchanged Text Omitted>
9.3.1.y1	Timing Synchronization Status Information
This IE indicates the time synchronization status information of the NG-RAN node as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE TSS Information
	M
	
	
	

	>RAN node level
	
	
	
	

	>>RAN Timing Synchronisation Status Information
	M
	
	9.3.1.x3
	

	>RAN area level
	
	
	
	

	>>Timing Synchronization Status Area List
	M
	
	9.3.1.y2
	


9.3.1.y2	Timing Synchronization Status Area List
This IE indicates the time synchronization status list of the NG-RAN node as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Timing Synchronization Status Area Item
	
	1..<maxnoofTSSItems>
	
	

	>Cell List Areas 
	
	1..<maxnoofCelllistareas>
	
	

	>>NG-RAN CGI
	M
	
	9.3.1.73
	

	> RAN Timing Synchronisation Status Information
	M
	
	9.3.1.X3
	



	Range bound
	Explanation

	maxnoofTSSItems
	Maximum no. of TSS area items. Value is 32 [FFS].

	maxnoofCelllistareas
	Maximum no. of cell list items. Value is 256.



<Unchanged Text Omitted>
9.3.1.x1	Clock Quality Reporting Control Information
This IE indicates the clock quality reporting control information as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Clock Quality Detail Level
	M
	
	
	

	>clock quality metrics
	
	
	
	

	>>Clock Quality Metrics indication
	
	
	BIT STRING (SIZE(16))
	Each position in the bitmap represents one clock quality metric:
first bit = Synchronization state, second bit = Traceable to GNSS, third bit = Traceable to UTC, fourth bit = Frequency stability, fifth bit = PTP clockClass, sixth bit = Clock Accuracy, seventh bit = Parent time source:
Other bits reserved for future use. Value '1' indicates 'should be provided to the UE'. Value '0' indicates 'should not be provided to the UE'.

	>acceptance indication
	
	
	
	

	>>Clock Quality Acceptance Criteria
	M
	
	9.3.1.x2
	



9.3.1.x2	Clock Quality Acceptance Criteria
This IE indicates the clock quality acceptance criteria as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Quality Acceptance Criteria
	M
	
	OCTET STRING
	Indicates the clock quality acceptance criteria as specified in TS xx.xxx [FFS].



9.3.1.x3	RAN Timing Synchronisation Status Information
This IE indicates the RAN timing synchronisation status information provided towards the AMF as defined in TS 23.501 [9]. 
Editor’s Note: The non-UE associated NGAP procedure(s) used to convey this IE towards the AMF is FFS.
Editor’s Note: This IE may be further refined based on SA2 and RAN3 progress.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Synchronisation State
	O
	
	ENUMERATED (locked, holdover, freeRun, …)
	

	Traceable to UTC
	O
	
	ENUMERATED (true, false, …)
	

	Traceable to GNSS
	O
	
	ENUMERATED (true, false, …)
	

	Clock Frequency Stability
	O
	
	9.3.1.x4
	

	Clock Accuracy
	O
	
	9.3.1.x5
	

	PTP clockClass
	O
	
	9.3.1.x6
	

	Parent Time Source
	O
	
	ENUMERATED (pTP, gNSS, atomicClock, terrestrialRadio, serialTimeCode, nTP, handSet, other, …)
	



9.3.1.x4	Clock Frequency Stability
This IE indicates the clock frequency stability as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Frequency Stability
	M
	
	INTEGER(0..65534,..)
	Indicates the offsetScaledLogVariance as specified in IEEE Std 1588 [AA].



9.3.1.x5	Clock Accuracy
This IE indicates the clock accuracy as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Clock Accuracy
	M
	
	
	

	>Index
	
	
	
	

	>>Accuracy index
	
	
	INTEGER(0..255,..)
	The integer value indicates the clockAccuracy enumeration value specified in Table 5 of clause 7.6.2.6 of IEEE Std 1588 [AA].

	>Value
	
	
	
	

	>>Accuracy value
	M
	
	INTEGER(0..32767,..)
	Indicates the absolute clock accuracy value. Unit in 25ns.



9.3.1.x6	PTP clockClass
This IE indicates the PTP clockClass as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PTP clockClass
	M
	
	INTEGER(0..255,..)
	The integer value indicates the clockClass value specified in Table 4 in clause 7.6.2.5 of IEEE Std 1588 [AA].




<Unchanged Text Omitted>
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

<Unchanged Text Omitted>
[46]	3GPP TS 37.213: "NR; Physical layer procedures for shared spectrum channel access".
[47]	3GPP TS 37.483: "E1 Application Protocol (E1AP)".
[AA]	IEEE Std 1588: "IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and Control Systems", Edition 2019.
<Unchanged Text Omitted>
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For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
5GC	5G Core Network
5QI	5G QoS Identifier
AMF	Access and Mobility Management Function
ARP	Antenna Reference Point
ARPI	Additional RRM Policy Index
BH	Backhaul
CAG	Closed Access Group
CN	Core Network
CG	Cell Group
CG-SDT	Configured Grant-Small Data Transmission
CGI	Cell Global Identifier 
CHO	Conditional Handover
CP	Control Plane 
CPA	Conditional PSCell Addition
CPC	Conditional PSCell Change
DAPS	Dual Active Protocol Stack
DL	Downlink 
DL-PRS	Downlink Positioning Reference Signal
EN-DC	E-UTRA-NR Dual Connectivity
EPC	Evolved Packet Core
FSA ID	MBS Frequency Selection Area (FSA) ID
IAB	Integrated Access and Backhaul
IMEISV	International Mobile station Equipment Identity and Software Version number
LMF	Location Management Function
MBS	Multicast/Broadcast Service
NID	Network Identifier
NPN	Non-Public Network
NSAG	Network Slice AS Group
NSSAI	Network Slice Selection Assistance Information
PDC	Propagation Delay Compensation
PEIPS	Paging Early Indication with Paging Subgrouping
posSIB	Positioning SIB
PNI-NPN	Public Network Integrated NPN
PTP	Point to Point
PTM	Point to Multipoint
QMC	QoE Measurement Collection
QoE	Quality of Experience
RANAC	RAN Area Code
RedCap	Reduced Capability
RIM	Remote Interference Management
RIM-RS	RIM Reference Signal
RRC	Radio Resource Control
RSRP	Reference Signal Received Power
SDT	Small Data Transmission
SNPN	Stand-alone Non-Public Network
S-NSSAI	Single Network Slice Selection Assistance Information
SUL	Supplementary Uplink
TAC	Tracking Area Code
TAI	Tracking Area Identity
TEG	Timing Error Group
TRP	Transmission-Reception Point
TSS	Timing Synchronization Status
U2N	UE-to-Network
UL-AoA	Uplink Angle of Arrival 
UL-RTOA	Uplink Relative Time of Arrival
UL-SRS	Uplink Sounding Reference Signal
Z-AoA	Zenith Angles of Arrival
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In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

<Unchanged Text Omitted>

Table 2: Class 2 procedures
	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	UE Context Release Request (gNB-DU initiated)
	UE CONTEXT RELEASE REQUEST

	Initial UL RRC Message Transfer
	INITIAL UL RRC MESSAGE TRANSFER

	DL RRC Message Transfer
	DL RRC MESSAGE TRANSFER

	UL RRC Message Transfer
	UL RRC MESSAGE TRANSFER

	UE Inactivity Notification 
	UE INACTIVITY NOTIFICATION

	System Information Delivery
	SYSTEM INFORMATION DELIVERY COMMAND

	Paging
	PAGING

	Notify
	NOTIFY

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	gNB-DU Status Indication
	GNB-DU STATUS INDICATION

	RRC Delivery Report
	RRC DELIVERY REPORT

	Network Access Rate Reduction
	NETWORK ACCESS RATE REDUCTION

	Trace Start
	TRACE START

	Deactivate Trace
	DEACTIVATE TRACE

	DU-CU Radio Information Transfer
	DU-CU RADIO INFORMATION TRANSFER

	CU-DU Radio Information Transfer
	CU-DU RADIO INFORMATION TRANSFER

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Access And Mobility Indication
	ACCESS AND MOBILITY INDICATION

	Reference Time Information Reporting Control
	REFERENCE TIME INFORMATION REPORTING CONTROL

	Reference Time Information Report
	REFERENCE TIME INFORMATION REPORT

	Access Success
	ACCESS SUCCESS

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Positioning Assistance Information Control
	POSITIONING ASSISTANCE INFORMATION CONTROL

	Positioning Assistance Information Feedback
	POSITIONING ASSISTANCE INFORMATION FEEDBACK

	Positioning Measurement Report
	POSITIONING MEASUREMENT REPORT

	Positioning Measurement Abort
	POSITIONING MEASUREMENT ABORT

	Positioning Measurement Failure Indication
	POSITIONING MEASUREMENT FAILURE INDICATION

	Positioning Measurement Update
	POSITIONING MEASUREMENT UPDATE

	Positioning Deactivation
	POSITIONING DEACTIVATION

	E-CID Measurement Failure Indication
	E-CID MEASUREMENT FAILURE INDICATION

	E-CID Measurement Report
	E-CID MEASUREMENT REPORT

	E-CID Measurement Termination
	E-CID MEASUREMENT TERMINATION COMMAND

	Positioning Information Update
	POSITIONING INFORMATION UPDATE

	Multicast Group Paging
	MULTICAST GROUP PAGING

	Broadcast Context Release Request
	BROADCAST CONTEXT RELEASE REQUEST

	Multicast Context Release Request
	MULTICAST CONTEXT RELEASE REQUEST

	PDC Measurement Report
	PDC MEASUREMENT REPORT

	PDC Measurement Termination
	PDC MEASUREMENT TERMINATION COMMAND

	PDC Measurement Failure Indication
	PDC MEASUREMENT FAILURE INDICATION

	PDC Measurement Termination
	PDC MEASUREMENT TERMINATION COMMAND

	Measurement Activation 
	MEASUREMENT ACTIVATION 

	QoE Information Transfer
	QOE INFORMATION TRANSFER

	Positioning System Information Delivery
	POSITIONING SYSTEM INFORMATION DELIVERY COMMAND

	TSS Information Transfer
	TSS INFORMATION TRANSFER



<Unchanged Text Omitted>
8.xx	TSS Procedures
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The purpose of the TSS Information Transfer procedure is to transfer the RAN timing synchronization status information from the gNB-DU to the gNB-CU. The procedure uses non-UE associated signalling.
[bookmark: _Toc99038523][bookmark: _Toc99730786][bookmark: _Toc105510915][bookmark: _Toc105927447][bookmark: _Toc106109987][bookmark: _Toc113835424][bookmark: _Toc120124271][bookmark: _Toc121161271]8.xx.1.2	Successful operation


Figure 8.16.1.2-1: TSS Information Transfer procedure
The gNB-DU initiates the procedure by sending the TSS INFORMATION TRANSFER message to the gNB-CU.
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Not applicable.
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This message is sent by a gNB-DU to a gNB-CU, to indicate the RAN timing synchronization status.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	RAN Timing Synchronisation Status Information
	M
	
	9.3.1.x1
	
	YES
	reject



<Unchanged Text Omitted>
9.3.1.x1	RAN Timing Synchronisation Status Information
This IE indicates the RAN timing synchronisation status information provided from the gNB-DU to the gNB-CU. 
Editor’s Note: The non-UE associated F1AP procedure(s) used to convey this IE towards the gNB-CU is FFS.
Editor’s Note: This IE may be further refined based on SA2 and RAN3 progress.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Synchronisation State
	O
	
	ENUMERATED (locked, holdover, freeRun, …)
	

	Traceable to UTC
	O
	
	ENUMERATED (true, false, …)
	

	Traceable to GNSS
	O
	
	ENUMERATED (true, false, …)
	

	Clock Frequency Stability
	O
	
	9.3.1.x2
	

	Clock Accuracy
	O
	
	9.3.1.x3
	

	PTP clockClass
	O
	
	9.3.1.x4
	

	Parent Time Source
	O
	
	ENUMERATED (pTP, gNSS, atomicClock, terrestrialRadio, serialTimeCode, nTP, handSet, other, …)
	



9.3.1.x2	Clock Frequency Stability
This IE indicates the clock frequency stability as defined in TS 23.501 [21]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Frequency Stability
	M
	
	INTEGER(0..65534,..)
	Indicates the offsetScaledLogVariance as specified in IEEE Std 1588 [AA].



9.3.1.x3	Clock Accuracy
This IE indicates the clock accuracy as defined in TS 23.501 [21]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Clock Accuracy
	M
	
	
	

	>Index
	
	
	
	

	>> Accuracy index
	
	
	INTEGER(0..255,..)
	The integer value indicates the clockAccuracy enumeration value specified in Table 5 of clause 7.6.2.6 of IEEE Std 1588 [AA].

	>Value
	
	
	
	

	>>Accuracy value
	M
	
	INTEGER(0..32767,..)
	Indicates the absolute clock accuracy value. Unit in 25ns.





9.3.1.x4	PTP clockClass
This IE indicates the PTP clockClass as defined in TS 23.501 [21]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PTP clockClass
	M
	
	INTEGER(0..255,..)
	The integer value indicates the clockClass value specified in Table 4 in clause 7.6.2.5 of IEEE Std 1588 [AA].
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9.2.3.x1	Clock Quality Reporting Control Information
This IE indicates the clock quality reporting control information as defined in TS 23.501 [7]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Clock Quality Detail Level
	M
	
	
	

	>clock quality metrics
	
	
	
	

	>>Clock Quality Metrics indication
	
	
	BIT STRING (SIZE(16))
	Each position in the bitmap represents one clock quality metric:
first bit = Synchronization state, second bit = Traceable to GNSS, third bit = Traceable to UTC, fourth bit = Frequency stability, fifth bit = PTP clockClass, sixth bit = Clock Accuracy, seventh bit = Parent time source:
Other bit reserved for future use. Value '1' indicates 'should be provided to the UE'. Value '0' indicates 'should not be provided to the UE'.

	>acceptance indication
	
	
	
	

	>>Clock Quality Acceptance Criteria
	M
	
	9.3.1.x2
	



9.2.3.x2	Clock Quality Acceptance Criteria
This IE indicates the clock quality acceptance criteria as defined in TS 23.501 [7]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Quality Acceptance Criteria
	M
	
	OCTET STRING
	Indicates the clock quality acceptance criteria as specified in TS xx.xxx [FFS].
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Title:	[Draft] LS on 5GS network timing synchronization status and reporting

Response to:	
Release:	Release 18
Work Item:	TRS_URLLC-NR-Core

Source:	Huawei [will be RAN3]
To:	RAN2 
Cc:	

Contact Person:
Name:	Feng Han
E-mail Address:	hanfeng3@huawei.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	


1	Overall description

RAN3 discussed the 5GS network timing synchronization status and reporting, and made the following agreements.
Regarding the 5G clock quality information delivered to the UE, there are two kinds of indications as follows. 
•	Clock quality metrics: Indicates the detailed 5G clock attributes including: 
· Synchronization state: Indicates the state of the node synchronization, represented by the values “Locked”, “Holdover”, or “Freerun”.
· Synchronization performance: Boolean true/false for Traceable to UTC or Traceable to GNSS 
· Clock accuracy: 
· Choice 1:an integer value from 0 to 255 and referring to the IEEE Std 1588 specification.
· Choice 2: an integer value from 0 to 32767 and in the unit of 25ns.
· Frequency Stability: an Integer value from 0 to 65534, and referring to the IEEE Std 1588 specification
· PTP clockClass: an integer value (i.e. from 0 to 255), and referring to Table 4 in clause 7.6.2.5 of the IEEE Std 1588 specification
· Parent time source: Describes the primary source the node is currently using, represented by the values, “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “serial time code”, “NTP”, “hand set”, “other”.
· Frequency stability: the meaning of this information is FFS dependent SA2 progress.
•	Acceptable indication: Indicates whether the NG-RAN's timing synchronization status matches the acceptance criteria received from 5GC, represented by the values “acceptable”, “not acceptable”.
2	Actions
To RAN2: 
ACTION: 	RAN3 respectfully asks RAN2 to take the above into account for RRC signalling design. 

3	Dates of next RAN3 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 
RAN3#121		2023-08-21 - 2023-08-25		Toulouse , FR
RAN3#121bis	2023-10-09 - 2023-10-13		Xiamen , CN
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