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[bookmark: foreword][bookmark: _Toc97136224]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc97136225]
1	Scope
The objective of this Technical Report is to study and perform an evaluation of potential architecture enhancements for supporting 5G Timing Resiliency and TSC & URLLC enhancements for 5G System (5GS). The following aspects are covered:
-	Study how to report 5GS network timing synchronization status (such as divergence from UTC and 5GS network timing source degradation) to UEs and 3rd party applications (AFs):
-	Study how RAN and 5GC learn about network 5GS network timing synchronization status to be able to inform UEs and AFs.
- 	Study if additional information needs to be provided to UEs and AFs to inform about 5GS network timing synchronization status.
-	Study how to enable AFs to request time synchronization service in a specific coverage area and how to enforce the coverage area.
-	Study how to control 5G time synchronization service based on subscription (i.e. introducing subscription parameter for time synchronization and enforcing it).
-	Study how to enable an AF to explicitly provide PER to NEF/PCF. 
-	Study mechanisms for interworking with TSN transport networks. Study interworking mechanisms with TSN networks deployed in the transport network in order to support of E2E determinism and low latency communication and efficient N3 transmission.
-	Study if there is a need for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2msecs) requirement and if there is a need to have feedback from RAN (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.
The present document …
[bookmark: references][bookmark: _Toc97136226]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5]	3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification".
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[6]	IEEE 802.1Qcc: "IEEE Standard for Local and Metropolitan Area Networks--Bridges and Bridged Networks -- Amendment 31: Stream Reservation Protocol (SRP) Enhancements and Performance Improvements".


[bookmark: definitions][bookmark: _Toc97136227]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc97136228]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc97136229]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc97136230]3.3	Abbreviations
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].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc97136231]4	Architectural Assumptions and Requirements
[bookmark: _Toc97136232]4.1	Architectural Assumptions
<void>The following architectural assumptions apply:
-	The architecture defined in the TS 23.501 [2] clause 4.4.8 is as a baseline for the study.
-	The TSN network deployed in the transport network supports the fully centralised model defined in IEEE 802.1 Qcc [6].
NOTE:	The transport network and 5GS may belong to the same operator or different operator.
-	Configuration and operation of the external synchronization network (i.e. timing synchronization provided by network external to 5GS network) and mitigation actions when time source fails or degrades are assumed to be outside the scope of 3GPP.
-  	This study is assumed to inherit the time synchronization architecture, methods, and exposure framework as defined in Rel-17 for 5G System in TS 23.501 [2]. This includes the support for time synchronization service based on 5G Access Stratum timing distribution, (g)PTP time sync based on IEEE Std 802.1AS [x] with 5GS acting as grand-master or PTP time sync with 5GS acting as grand-master based on IEEE Std 1588 [y], along with support for DS-TT, NW-TT and TSCTSF in the time synchronization architecture.
-	How the 5GS network is time synchronized is assumed to be deployment specific thus outside the scope of this study (e.g., 5GS may use local GNSS server, may be time synchronized with an external clock using transport network synchronization protocols, etc.).

[bookmark: _Toc97136233]4.2	Architectural Requirements
<void>
The following architectural requirements apply:
-	Solutions for timing resilience and time synchronization shall support the already defined time synchronization distribution methods as defined in clause 4.1.
Editor's note: 	In case of PTP-based time sync, for which IEEE Std 1588 [y] profile(s) to support timing resilience is FFS.
[bookmark: _Toc22192646][bookmark: _Toc23402384][bookmark: _Toc23402414][bookmark: _Toc26386411][bookmark: _Toc26431217][bookmark: _Toc30694613][bookmark: _Toc43906635][bookmark: _Toc43906751][bookmark: _Toc44311877][bookmark: _Toc50536519][bookmark: _Toc54930291][bookmark: _Toc54968096][bookmark: _Toc57236418][bookmark: _Toc57236581][bookmark: _Toc57530222][bookmark: _Toc57532423][bookmark: _Toc97136234]5	Key Issues
[bookmark: _Toc26386412][bookmark: _Toc26431218][bookmark: _Toc30694614][bookmark: _Toc43906636][bookmark: _Toc43906752][bookmark: _Toc44311878][bookmark: _Toc50536520][bookmark: _Toc54930292][bookmark: _Toc54968097][bookmark: _Toc57236419][bookmark: _Toc57236582][bookmark: _Toc57530223][bookmark: _Toc57532424][bookmark: _Toc97136235]5.x1	Key Issue #x1: 5GS network timing synchronization status and reporting<Key Issue title>
[bookmark: _Toc26386413][bookmark: _Toc26431219][bookmark: _Toc30694615][bookmark: _Toc43906637][bookmark: _Toc43906753][bookmark: _Toc44311879][bookmark: _Toc50536521][bookmark: _Toc54930293][bookmark: _Toc54968098][bookmark: _Toc57236420][bookmark: _Toc57236583][bookmark: _Toc57530224][bookmark: _Toc57532425][bookmark: _Toc97136236][bookmark: _Hlk500943653]5.1.1	Description
The objective of this Key Issue is to study the monitoring and reporting for timing synchronization status in 5GS. 
For this Key Issue the following areas should be studied:
-	Study how RAN and 5GC learn about 5GS network timing synchronization status to be able to inform UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and AFs.
-	Study how to report 5GS network timing synchronization status (such as divergence from UTC and 5GS network timing source degradation) to UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and 3rd party applications (AFs).
- 	Study if additional information needs to be provided to UEs and AFs to inform about 5GS network timing synchronization status.
[bookmark: _Toc16839376][bookmark: _Toc19722242][bookmark: _Toc97136237]5.2	Key Issue #2: Time synchronization service enhancements 
[bookmark: _Toc500949092][bookmark: _Toc16839377][bookmark: _Toc19722243][bookmark: _Toc97136238]5.2.1	Description
The objective of this Key Issue is to study enhancements for 5GS time synchronization considering the coverage area where the service is configured. 
For this Key Issue the following areas should be studied:
· How to enable AFs to request time synchronization service in a specific coverage area and whether and how to enforce the coverage area.
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037][bookmark: _Toc97136239][bookmark: _Hlk91782779][bookmark: OLE_LINK19]5.3	Key Issue #3: Support for controlling 5G time synchronization service based on subscription 
[bookmark: _Toc22214905][bookmark: _Toc23254038][bookmark: _Toc97136240]5.3.1	Description
Control of time synchronization service based on UE subscription is important for the operator in managing time critical services such as smart grid or financial services.
This key issue aims at studying how to control 5G time synchronization service based on subscription (i.e. introducing subscription parameter for time synchronization and enforcing it).
The following technical issues will be studied:
-	How to authorize time synchronization service based on UE subscription. 
-	How to enforce time synchronization service on a per UE basis based on subscription.
-	What parts of time synchronization service require a separate UE subscription (and authorization), if any.
[bookmark: _Toc50536656][bookmark: _Toc50575409][bookmark: _Toc97136241]5.4	Key Issue #4: How to enable an AF to explicitly provide PER to NEF/PCF
5.4.1 		Description
For this Key Issue the following areas should be studied:
1.	Enable an AF to explicitly provide the required PER to the NEF/PCF for QoS and Alt-QoS. 
[bookmark: _Toc93073659][bookmark: _Toc97136242]5.5	Key Issue #5: Interworking with TSN network deployed in the transport network
[bookmark: _Toc93073660][bookmark: _Toc97136243]5.5.1	Description
The objective of this Key Issue is to study interworking mechanisms with TSN networks deployed in the transport network in order to support of E2E determinism and low latency communication and efficient N3 transmission.
This Key Issues applies only to 3GPP layer traffic flows that fall in the category of “periodic deterministic communication” as defined in TS 23.501 [2] clause 5.27.1a i.e. for 3GPP layer traffic flows that can be associated with the TSCAI parameters – namely, burst arrival time, periodicity and flow direction.
For this Key Issue the following areas should be studied:
a)	The architecture enhancement to support the interworking between 5GS and TSN networks deployed in the transport network.
b)	What information are needed and how to collect these information from 5GS (e.g. NG-RAN, 5GC NF), so that the 5GS can interact with TSN network. Also, determine which 5GS entity is responsible to provide it to the TSN network deployed in the transport network.
NOTE:	In the context of interworking with a TSN-based transport network, 5GS is assumed to take the role of the CUC towards the CNC of the TSN transport network. It is assumed to rely on on-going work in IEEE for the interaction between CUC and CNC (P802.1Qdj), i.e. no new interface to the CNC will be specified as part of this work.
[bookmark: _Toc97136244]5.6	Key Issue #6: Adapting downstream scheduling based on RAN feedback for low latency communication
[bookmark: _Toc97136245]5.6.1	Description
This key issue is targeting how for applications to adapt downstream scheduling in order for 5GS to meet really low latency (e.g. 2msecs) requirement. 
For this key issue, the following areas should be studied:
· Need for application transmission schedule adaptation and the ability to meet extremely low PDB for a QoS Flow from the 5GS perspective for periodic traffic streams (based on feedback from RAN WGs)
· How to enable the RAN to provide feedback to application for low latency communication (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.
NOTE 1: 	The key issue needs to consider also the downlink scheduling in N3 transport network as studied under the Key Issue #x: Interworking with TSN network deployed in the transport network.
NOTE 2:	Although the focus is on downstream scheduling, any optimization on upstream scheduling should not be precluded if similar enhancement as for downstream scheduling applies.



[bookmark: _Toc26431228][bookmark: _Toc30694626][bookmark: _Toc43906648][bookmark: _Toc43906764][bookmark: _Toc44311890][bookmark: _Toc50536532][bookmark: _Toc54930304][bookmark: _Toc54968109][bookmark: _Toc57236431][bookmark: _Toc57236594][bookmark: _Toc57530235][bookmark: _Toc57532436][bookmark: _Toc97136246]6	Solutions
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc97136247][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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[bookmark: _Toc26386429][bookmark: _Toc26431235][bookmark: _Toc30694633][bookmark: _Toc43906656][bookmark: _Toc43906772][bookmark: _Toc44311898][bookmark: _Toc50536540][bookmark: _Toc54930314][bookmark: _Toc54968119][bookmark: _Toc57236441][bookmark: _Toc57236604][bookmark: _Toc57530245][bookmark: _Toc57532446]
6.x	Solution #x: <Solution title>
[bookmark: _Toc510607500][bookmark: _Toc518306734][bookmark: _Toc26386430][bookmark: _Toc26431236][bookmark: _Toc30694634][bookmark: _Toc43906657][bookmark: _Toc43906773][bookmark: _Toc44311899][bookmark: _Toc50536541][bookmark: _Toc54930315][bookmark: _Toc54968120][bookmark: _Toc57236442][bookmark: _Toc57236605][bookmark: _Toc57530246][bookmark: _Toc57532447]6.x.1	Introduction
[bookmark: _Toc510607501][bookmark: _Toc518306735][bookmark: _Toc26386431][bookmark: _Toc26431237][bookmark: _Toc30694635][bookmark: _Toc43906658][bookmark: _Toc43906774][bookmark: _Toc44311900][bookmark: _Toc50536542][bookmark: _Toc54930316][bookmark: _Toc54968121][bookmark: _Toc57236443][bookmark: _Toc57236606][bookmark: _Toc57530247][bookmark: _Toc57532448]6.x.2	Functional Description
[bookmark: _Toc510607502][bookmark: _Toc518306736][bookmark: _Toc26386432][bookmark: _Toc26431238][bookmark: _Toc30694636][bookmark: _Toc43906659][bookmark: _Toc43906775][bookmark: _Toc44311901][bookmark: _Toc50536543][bookmark: _Toc54930317][bookmark: _Toc54968122][bookmark: _Toc57236444][bookmark: _Toc57236607][bookmark: _Toc57530248][bookmark: _Toc57532449]6.x.3	Procedures
[bookmark: _Toc26386435][bookmark: _Toc26431241][bookmark: _Toc30694639][bookmark: _Toc43906662][bookmark: _Toc43906778][bookmark: _Toc44311904][bookmark: _Toc50536546][bookmark: _Toc54930320][bookmark: _Toc54968125][bookmark: _Toc57236447][bookmark: _Toc57236610][bookmark: _Toc57530251][bookmark: _Toc57532452][bookmark: _Toc20203937]6.x.4	Impacts on services, entities and interfaces
[bookmark: _Toc93073663][bookmark: _Toc97136248]6.1	Solution #1: Inform UE and AF about network timing synchronization status
[bookmark: _Toc93073664][bookmark: _Toc97136249]6.1.1	Introduction
This solution enables UE and AF to learn about network timing synchronization status.
This solution makes the following assumptions:
-	NG-RAN is time synchronized with an external clock using transport network synchronization protocols or using a local GNSS receiver. 
-	NG-RAN can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g., based on information provided by the transport network time synchronization protocols or based on information provided by the local GNSS receiver. The details of how NG-RAN detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
-	UPF/NW-TT is time synchronized with an external clock using transport network-based time synchronization protocols if UPF/NW-TT is involved in providing time information to UEs. 
-	UPF can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g., based on information provided by the transport network time synchronization protocols. The details of how the UPF detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
This solution addresses the following scenarios:
-	5GS distributes time information to UEs using access stratum signaling
-	5GS is acting as GM and distributes time information to UEs using PTP or gPTP
[bookmark: _Toc93073665][bookmark: _Toc97136250]6.1.2	Functional Description
The solution is based on the following principles:
-	Informing 5GC and AFs about network timing synchronization status
-	Informing 5GC about RAN and UPF time synchronization status
-	TSCTSF subscribes for receiving RAN time synchronization status on a per RAN node level from NWDAF.
[bookmark: _Hlk93680003]-	NWDAF subscribes for RAN time synchronization status information from OAM. RAN time synchronization status information includes e.g clock class and UTC traceability information.
-	As an alternative option, TSCTSF subscribes for RAN time synchronization status information from OAM. RAN time synchronization status information includes e.g clock class and UTC traceability information.
-	TSCTSF subscribes for receiving time synchronization status from UPF (i.e., the status of the synchronization of the UPF with the transport network timing).
-	Based on this, UPF reports transport network time synch status (e.g., clock class and traceability) to TSCTSF.
-	Determining UEs impacted by RAN or UPF time synchronization status degradation or improvement
-	TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for.
-	TSCTSF requests UEs for which an AF requested time synchronization to perform a Registration Update if the UE is in CM-IDLE and detects a change in the RAN time synchronization status information (see below) for the current cell or when re-selecting to a different cell. This ensures that the CN is made aware of the location of a UE in case the RAN time synchronization status changes while a UE that has been configured to receive time information is in CM-IDLE.
-	If TSCTSF receives time synchronization status information for NG-RAN nodes from NWDAF (or from OAM directly) indicating time synchronization status degradation or improvement, then TSCTSF determines the UEs served by those NG-RAN nodes based on location information received from AMF.
-	If TSCTSF receives time synchronization status information from UPF indicating time synchronization status degradation or improvement, then the TSCTSF determines the UEs for which the UPF/NW-TT is configured to send (g)PTP messages.
-	Inform AFs about network timing synchronization status degradation or improvement
-	If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement then TSCTSF informs the AF about the network timing synchronization status for those UEs.
[bookmark: _Hlk96345218]Editor's note:	The details of time synchronization status information to report to the AF are FFS. Whether and how to provide network timing synchronization status for the case that an AF requested time synchronization service in a specific coverage area depends on the progress of the related key issue.
Editor's Note: 	It is FFS how the TSCTSF can determine the accuracy impact for an UE based on the degradation status in RAN and/or UPF? 
[bookmark: _Toc93073666]-	Informing UEs and devices attached to UE/DS-TT about network timing synchronization status
-	NG-RAN detects network timing synchronization degradation or failure based on implementation-specific means.
-	NG-RAN informs UEs about the time synchronization status by providing additional time synchronization status information (e.g., clock class and information about traceability to UTC) to UEs in SIB or using dedicated RRC.
-	If a UE receives the updated time synch status information, and a co-located DS-TT has been configured by the network to send time information using (g)PTP messages to devices attached to the DS-TT, then the DS-TT updates the (g)PTP information (e.g., updates clock class and UTC traceability in (g)PTP) based on the information received from NG-RAN.
Editor's Note: 	It is FFS how to ensure that all PTP ports (i.e. DS-TTs) in the PTP instance in 5GS are sending the same value of ClockQuality in the Announce messages.
-	If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement (see above) and NW-TT is configured to generate (g)PTP messages for any of the impacted UEs, then TSCTSF instructs the NW-TT to update the PTP clock class and traceability info for the (g)PTP messages for the impacted UEs based on the time synch status information.
Editor's Note: 	It is FFS how the TSCTSF can instruct the NW-TT to update the PTP clock class that is sent in Announce messages. 
Editor's Note: 	Based on the above procedure, NW-TT receives the time synchronization status degradation twice; at first directly from the underlaying Transport Network that provides the time source for NW-TT (the details are out of scope of 3GPP), and secondly from TSCTSF as an instruction to update the PTP clock class. It is FFS whether and how the instruction from TSCTSF is used.
Editor's Note: 	Based on the above procedure, the degradation impacts the UE twice: first directly from RAN via Uu via SIB or RRC) and secondly from UPF via gPTP over user plane. It is FFS how the UE/DS-TT determines the total degradation (in terms of clock class and UTC traceability) based on these.
[bookmark: _Toc97136251]6.1.3	Procedures

[bookmark: _Toc93073667][bookmark: _Toc97136252]6.1.4	Impacts on services, entities and interfaces
-	NG-RAN:
-	Indicate RAN network timing synchronization status to UEs in RRC
-	UE:
-	Support receiving RAN network timing synchronization status information
-	Support performing a Registration request when RAN network timing synchronization status information changes while the UE is in CM-IDLE, if requested by TSCTSF.
-	NWDAF:
-	Support subscribing for RAN time synchronization status information from OAM and providing RAN time synchronization status information to TSCTSF.
-	TSCTSF:
-	Receive time synchronization status information from NWDAF and UPF
-	Subscribe for receiving location information from AMF.
-	Support for requesting UEs to perform a Registration request if the UE detects a change in RAN network timing synchronization status information and the UE is in CM-IDLE.
-	Inform AFs about time synchronization status
-	UPF:
-	Report transport network time synch status (e.g., clock class and UTC traceability) to TSCTSF
[bookmark: _Toc97136253]6.2	Solution #2: Burst arrival time adaptation
[bookmark: _Toc97136254]6.2.1	Introduction
This solution enables the network to adjust the burst arrival time by signaling positive or negative offset values (e.g. +3 ms) to the AF so that the AF can adjust the burst sending time accordingly.
[bookmark: _Toc97136255]6.2.2	Functional Description
This solution is based on the following principles:
-	As part of requesting QoS for a flow, AF includes burst size, flow direction and periodicity and may also indicate support of Burst arrival time adaptation to PCF (via NEF if AF is outside the trust domain).
Editor's note:	The solution description should also include the case where AF provides an absolute BAT when requesting QoS for a flow.
-	PCF forwards the support of Burst arrival time adaptation indication to SMF together with a PCC rule and other parameters (burst size, flow direction, burst periodicity).
-	SMF creates TSCAI based on the received periodicity and flow direction. Instead of including a burst arrival time, SMF includes support of Burst arrival time adaptation indication in TSCAI and signals TSCAI to NG-RAN as described in TS 23.501 clause 4.3.3.2.
-	Upon reception of DL packets from the UPF via user plane for a QoS Flow, if NG-RAN has received the indication of support of Burst arrival time adaptation in TSCAI for the given QoS Flow and NG-RAN determines the need to adapt the burst arrival time, NG-RAN sends an indication to SMF including a burst arrival time offset value. The burst arrival offset can take positive or negative values.
Editor's note:	It is FFS how it is possible to determine in advance whether a new flow with a given delay requirement can be admitted. 
NOTE:	NG-RAN determines a relative burst arrival time offset value in reference to the current Burst Arrival Time experienced by RAN (i.e., in reference to when RAN currently receives bursts). Since it is a relative offset it can also be applied by the AF for adapting when it sends bursts, i.e., for the AF to adapt the burst sending time (see further below).
Editor's note:	It is FFS how the NG-RAN determines the accurate offset value and whether extra information is needed for such determination.
Editor's note:	It is FFS how often the NG-RAN should re-send the offset value to the SMF, when the NG-RAN determines a new offset for the given QoS Flow.
-	The burst arrival time offset value is signaled from SMF to AF via PCF/NEF.
Editor's note:	It is FFS whether there is need to perform timing translation for burst arrival time offset, e.g. between the external clock time and 5GS time for the case that the AF is time synchronized using an external clock.
-	For downlink flows AF adapts the burst sending time based on the received offset.
[bookmark: _Toc97136256]6.2.3	Procedures
Existing procedures are reused (PDU session modification to signal support of Burst arrival time adaptation indication in TSCAI to NG-RAN; Notification control as defined in TS 23.501 clause 5.7.2.4.1a. to signal burst arrival time offset value to PCF/AF).
Editor's note:	It is FFS whether TSCTSF is involved in the procedures.
[bookmark: _Toc97136257]6.2.4	Impacts on services, entities and interfaces
-	AF: Support of sending burst arrival time adaptation indication and receiving burst arrival time offset.
-	NEF, PCF, SMF: Support of signaling burst arrival time adaptation indication and burst arrival time offset.
-	NG-RAN: Support of receiving burst time arrival adaptation indication, determining and signaling burst arrival time offset.
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