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Introduction
In the previous RAN3#113-e meeting, RAN3 discussed the time synchronization error budget and decided to discuss it based on RAN2/SA2 progress:
For the time synchronization error budget, it is FFS for which level (e.g., UE level, PDU session level, or QoS flow level) and for its details (e.g., parameter name, parameter meaning, and value range)
In this document, we discuss the open issues and RAN3 impact to support the time synchronization error budget.
Discussion

In the previous RAN3 meeting, RAN3 has a consensus on delivering the time synchronization error budget over some RAN3 interfaces. But RAN2/SA2 had been still discussing the time synchronization assistance information including the time synchronization error budget, so RAN3 couldn’t make further progress. There are some open issues:
· Whether to deliver the time synchronization error budget over NG, Xn and F1 interfaces?
· Which level is used to deliver the time synchronization error budget, UE level, PDU session level, QoS flow level or others?
· Details about the time synchronization error budget information, e.g. parameter name, parameter meaning, and value range
In SA2#146-e meeting, SA2 discussed the details about control of the 5G reference time information distribution including the time synchronization error budget information and agreed the related CR [1]. The SA2 CR adds the procedures for the management of 5G access stratum time distribution procedure. Table 4.15.9.4-1: Description of 5G access stratum time distribution parameters 
Parameter
Description
5G access stratum time distribution (enable, disable)
Indicates that the access stratum time distribution via Uu reference point should be activated or deactivated for the associated UE identities. 
Time synchronization error budget
Indicates the time synchronization error budget for the time synchronization service (as described in clause 5.27.1.8.1 in TS 23.501 [2]). 
[optional]
Temporal Validity Condition
Indicates start-time and stop-time attributes that describe the time period when the time synchronization service is active. [optional]





Figure 4.15.9.4: Management of 5G access stratum time information
[…]
10.	The PCF takes a policy decision and then it may initiate an AM Policy Association Modification procedure initiated by the PCF for the UE may be performed as described in clause 4.16.2.2. As part of this, the time distribution indication and the Uu time synchronization error budget are provided to NG-RAN. Based on this, NG-RAN provides the 5GS access stratum time to the UE according to the Uu time synchronization error budget as provided by the TSCTSF (if supported by UE and NG-RAN).
NOTE:	This release of the specification assumes that deployments ensure that the targeted UEs and the NG-RAN nodes serving those UEs support Rel-17 propagation delay compensation as defined in TS 38.300 [30].




Following the SA2 agreement, the time synchronization error budget should be optionally delivered from AMF to NG-RAN. In addition, the time distribution indication should be also optionally delivered to NG-RAN.

Observation: SA2 agrees on delivering the time distribution indication and the time synchronization error budget from AMF to NG-RAN.

When the UE mobility is considered, the target NG-RAN node should know the time distribution indication information and the time synchronization error budget information. Also the different time synchronization error budget may be configured at the target NG-RAN after the handover.
And in split NG-RAN architecture, the time synchronization information could be used at the gNB-DU to decide the reference time distribution to the UEs, e.g. determining the periodicity of SIB9 including the time reference information. So the time distribution indication information and the time synchronization error budget information need to be delivered over F1 interface.

Proposal 1: The time distribution indication and the time synchronization error budget are delivered over NG, Xn and F1 interfaces. And the AMF should be able to update the parameters to the target NG-RAN after the handover. 

The time synchronization distribution parameters from AMF to NG-RAN is different from the TSCAI. The TSCAI should be configured per-TSC service, so it is delivered with QoS flow level. However, SA2 has not linked the time synchronization distribution parameters to TSC service even it is certainly useful for TSC services. It is used to control the time distribution for a UE.
Referring the SA2’s agreed CR [1], the time distribution indication and the time synchronization error budget are the parameters for per-UE policy.[bookmark: _Toc75411585]4.15.9.4	Procedures for management of 5G access stratum time distribution
The AF can use the procedure to activate, update or delete the 5G access stratum time distribution for one UE, group of UEs or any UE using the DNN and S-NSSAI. 

[…]
[bookmark: _Toc20204230][bookmark: _Toc27894922][bookmark: _Toc36192003][bookmark: _Toc45193093][bookmark: _Toc47592725][bookmark: _Toc51834812][bookmark: _Toc75411596]4.16.2.2	AM Policy Association Modification initiated by the PCF
[…]
3.	The (V-)PCF in the roaming case and the PCF in a non-roaming case sends Npcf_AMPolicyControl_UpdateNotify including AM Policy Association ID associated with the SUPI defined in TS 29.507 [32]. The policy update may include Service Area Restrictions, UE-AMBR, RFSP index value, access stratum time distribution indication, and Uu time synchronization error budget. If an AF has previously subscribed to event request for allocation of service area coverage outcome in step 1, the (V-)PCF checks if the allocated service area coverage was changed and sends a respective notification to the AF using Npcf_AMPolicyAuthorization_Notify as defined in clause 6.3.1.18 in TS 23.503 [20].
4.	The AMF deploys and stores the updated Access and mobility related policy information, which includes storing the Service Area Restrictions and Policy Control Request Trigger of AM Policy Association, provisioning of the Service Area Restrictions to the UE, provisioning the RFSP index, UE-AMBR and Service Area Restrictions to the NG-RAN, and optionally the access stratum time distribution indication, and Uu time synchronization error budget to the NG-RAN.


Proposal 2: The time distribution indication and the time synchronization error budget is delivered per-UE level.


Regarding the details about the parameter name and parameter meaning, SA2 already agrees on the parameter names and their descriptions. So RAN3 could follow the names and the description in SA2’ spec if they don’t make confusion in RAN point of view.

Related with the value for the time synchronization error budget, SA2 hasn’t made a clear description so it would depend on RAN3 discussion. In our understanding of SA2’s agreements, the time synchronization error budget could be expressed with time value, as aligned with the Reference Time Information (RTI). 
Also the granularity for the time synchronization error budget would rather be aligned with or be larger than the granularity for the RTI, i.e. 10ns as defined in TS 38.330 and TS 38.331. Even if the smaller granularity is indicated, NG-RAN couldn’t control the time synchronization with the UE with the smaller value.
In Sect. 16.8 in TS 38.300,To support strict synchronization accuracy requirements of TSC applications, the gNB may signal 5G system time reference information to the UE using unicast or broadcast RRC signalling with a granularity of 10 ns.


Regarding the maximum value for the time synchronization error budget, there is no clear evidence either. So RAN3 needs to discuss which value is reasonable for the range of the time synchronization error budget. 
The time synchronization service is tightly related with the cyber-physical control applications. So, the value range for the time synchronization budget may need to be defined on the service requirements for the cyber-physical control applications as defined in TS 22.104. In TS 22.104, the requirements for the clock synchronisation are defined and among the requirements, the synchronicity budget for the 5G system is defined like this:The synchronicity budget for the 5G system within the global time domain shall not exceed 900 ns.
[…]
The synchronicity budget for the 5G system within a working clock domain shall not exceed 900 ns. 

So we think that the maximum value for the time synchronization error budget could be equal or lower than 900 ns in Rel.17.

Proposal 3: The time synchronization error budget is expressed with a granularity of 10ns and the range would be between 10ns and 900ns.

Conclusion
Observation: SA2 agrees on delivering the time distribution indication and the time synchronization error budget from AMF to NG-RAN.

Proposal 1: The time distribution indication and the time synchronization error budget are delivered over NG, Xn and F1 interfaces. And the AMF should be able to update the parameters to the target NG-RAN after the handover. 
Proposal 2: The time distribution indication and the time synchronization error budget is delivered per-UE level.
Proposal 3: The time synchronization error budget is expressed with a granularity of 10ns and the range would be between 10ns and 900ns.

Base on the Proposals 1, 2 and 3, the following is proposed for TPs:
Proposal 4: RAN3 agrees TP for the BL CRs for NGAP as in Annex. And the AS Time Distribution Parameters IE should be similarly included in XnAP and in F1AP.

Reference	
[1] S2-2106772, Control of the 5G reference time distribution, Nokia, Nokia Shangai Bell, Samsung, Huawei, HiSilicon, ETRI, Ericsson, ZTE, NTT DOCOMO
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Figure 8.3.1.2-1: Initial context setup: successful operation

[…]
For each PDU session, if the PDU Session Expected UE Activity Behaviour IE is included in the INTIAL CONTEXT SETUP REQUEST message, the NG-RAN node shall, if supported, handle this information as specified in TS 23.501 [9].
If the AS Time Distribution Parameters IE is included in the INITIAL CONTEXT SETUP REQUEST message the NG-RAN node shall, if supported, handle this information to provide the 5G system time reference information to the UE as specified in TS 23.501 [9].
Interactions with Initial UE Message procedure:
The NG-RAN node shall use the AMF UE NGAP ID IE and RAN UE NGAP ID IE received in the INITIAL CONTEXT SETUP REQUEST message as identification of the logical connection even if the RAN UE NGAP ID IE had been allocated in an INITIAL UE MESSAGE message sent over a different NG interface instance.
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Figure 8.4.4.2-1: Path switch request: successful operation
[…]
For each PDU session, if the PDU Session Expected UE Activity Behaviour IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, handle this information as specified in TS 23.501 [9].
If the AS Time Distribution Parameters IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message the NG-RAN node shall, if supported, handle this information to provide the 5G system time reference information to the UE as specified in TS 23.501 [9].
Interactions with RRC Inactive Transition Report procedure:
If the RRC Inactive Transition Report Request IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message and set to "single RRC connected state report" and the UE is in RRC_CONNECTED state, the NG-RAN node shall, if supported, send one RRC INACTIVE TRANSITION REPORT message to the AMF to report the RRC state of the UE.
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This message is sent by the AMF to request the setup of a UE context.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Old AMF
	O
	
	AMF Name
9.3.3.21
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	C-ifPDUsessionResourceSetup
	
	9.3.1.58
	
	YES
	reject

	Core Network Assistance Information for RRC INACTIVE
	O
	
	9.3.1.15
	
	YES
	ignore

	GUAMI
	M
	
	9.3.3.3
	
	YES
	reject

	PDU Session Resource Setup Request List
	
	0..1
	
	
	YES
	reject

	>PDU Session Resource Setup Request Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session NAS-PDU
	O
	
	NAS-PDU
9.3.3.4
	
	-
	

	>>S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	>>PDU Session Resource Setup Request Transfer

	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	

	>>PDU Session Expected UE Activity Behaviour
	O
	
	Expected UE Activity Behaviour
9.3.1.94
	Expected UE Activity Behaviour for the PDU Session.
	YES
	ignore

	Allowed NSSAI
	M
	
	9.3.1.31
	Indicates the S-NSSAIs permitted by the network
	YES
	reject

	UE Security Capabilities
	M
	
	9.3.1.86
	
	YES
	reject

	Security Key
	M
	
	9.3.1.87
	
	YES
	reject

	Trace Activation
	O
	
	9.3.1.14
	
	YES
	ignore

	Mobility Restriction List
	O
	
	9.3.1.85
	
	YES
	ignore

	UE Radio Capability
	O
	
	9.3.1.74
	
	YES
	ignore

	Index to RAT/Frequency Selection Priority
	O
	
	9.3.1.61
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.3.1.54
	
	YES
	ignore

	NAS-PDU
	O
	
	9.3.3.4
	
	YES
	ignore

	Emergency Fallback Indicator
	O
	
	9.3.1.26
	
	YES
	reject

	RRC Inactive Transition Report Request
	O
	
	9.3.1.91
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	Redirection for Voice EPS Fallback 
	O
	
	9.3.1.116
	
	YES
	ignore

	Location Reporting Request Type
	O
	
	9.3.1.65
	
	YES
	ignore

	CN Assisted RAN Parameters Tuning
	O
	
	9.3.1.119
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.3.1.128
	
	YES
	ignore

	IAB Authorized
	O
	
	9.3.1.129
	
	YES
	ignore

	Enhanced Coverage Restriction
	O
	
	9.3.1.140
	
	YES
	ignore

	[bookmark: _Hlk20310279]Extended Connected Time
	O
	
	9.3.3.31
	
	YES
	ignore

	UE Differentiation Information
	O
	
	9.3.1.144
	
	YES
	ignore

	NR V2X Services Authorized
	O
	
	9.3.1.146
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.3.1.147
	
	YES
	ignore

	NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.3.1.148
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.3.1.149
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.3.1.150
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	CE-mode-B Restricted
	O
	
	9.3.1.155
	
	YES
	ignore

	UE User Plane CIoT Support Indicator
	O
	
	9.3.1.160
	
	YES
	ignore

	RG Level Wireline Access Characteristics
	O
	
	OCTET STRING
	Specified in TS 23.316 [34]. Indicates the wireline access technology specific QoS information corresponding to a specific wireline access subscription.
	YES
	ignore

	[bookmark: _Hlk44338050]Management Based MDT PLMN List
	O
	
	MDT PLMN List
9.3.1.168
	
	YES
	ignore

	UE Radio Capability ID
	O
	
	[bookmark: _Hlk44353064]9.3.1.142
	
	YES
	reject

	AS Time Distribution Parameters
	O
	
	9.3.1.x
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.



	Condition
	Explanation

	ifPDUsessionResourceSetup
	This IE shall be present if the PDU Session Resource Setup List IE is present.
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This message is sent by the AMF to inform the NG-RAN node that the path switch has been successfully completed in the 5GC.
Direction: AMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	ignore

	UE Security Capabilities
	O
	
	9.3.1.86
	
	YES
	reject

	Security Context
	M
	
	9.3.1.88
	
	YES
	reject

	New Security Context Indicator
	O
	
	9.3.1.55
	
	YES
	reject

	PDU Session Resource Switched List
	
	1 
	
	
	YES
	ignore

	>PDU Session Resource Switched Item
	
	1..<maxnoofPDUSessions> 
	
	
	-
	

	>>PDU Session ID 
	M
	
	9.3.1.50
	
	-
	

	>>Path Switch Request Acknowledge Transfer
	M
	
	OCTET STRING
	Containing the Path Switch Request Acknowledge Transfer IE specified in subclause 9.3.4.9.
	-
	

	>>PDU Session Expected UE Activity Behaviour
	O
	
	Expected UE Activity Behaviour
9.3.1.94
	Expected UE Activity Behaviour for the PDU Session.
	YES
	ignore

	PDU Session Resource Released List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Released Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Path Switch Request Unsuccessful Transfer
	M
	
	OCTET STRING
	Containing the Path Switch Request Unsuccessful Transfer IE specified in subclause 9.3.4.20.
	-
	

	Allowed NSSAI
	M
	
	9.3.1.31
	Indicates the S-NSSAIs permitted by the network.
	YES
	reject

	Core Network Assistance Information for RRC INACTIVE
	O
	
	9.3.1.15
	
	YES
	ignore

	RRC Inactive Transition Report Request
	O
	
	9.3.1.91
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore

	Redirection for Voice EPS Fallback 
	O
	
	9.3.1.116
	
	YES
	ignore

	CN Assisted RAN Parameters Tuning
	O
	
	9.3.1.119
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.3.1.128
	
	YES
	ignore

	Enhanced Coverage Restriction
	O
	
	9.3.1.140
	
	YES
	ignore

	Extended Connected Time
	O
	
	9.3.3.31
	
	YES
	ignore

	UE Differentiation Information
	O
	
	9.3.1.144
	
	YES
	ignore

	NR V2X Services Authorized
	O
	
	9.3.1.146
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.3.1.147
	
	YES
	ignore

	NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.3.1.148
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.3.1.149
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.3.1.150
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	CE-mode-B Restricted
	O
	
	9.3.1.155
	
	YES
	ignore

	UE User Plane CIoT Support Indicator
	O
	
	9.3.1.160
	
	YES
	ignore

	UE Radio Capability ID
	O
	
	9.3.1.142
	
	YES
	reject

	AS Time Distribution Parameters
	O
	
	9.3.1.x
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.
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This IE provides the 5G access stratum time distribution information to the NG-RAN.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	AS Time Distribution
	O
	
	ENUMERATED (enabled, …) 
	Indicates that the AS time distribution via Uu reference point should be activated or deactivated.

	Time Synchronization Error Budget
	O
	
	INTEGER (1..90, …)
	The unit is 10 ns.
Indicates the time synchronization error budget for the time synchronization service as described in TS 23.501 [9].
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