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[bookmark: _Hlk99049711]Abstract of the contribution: This paper proposes updates to existing KI#6 solution #13 to resolve EN.
1. Introduction/Discussion
While 23.070-25-030 section 6.13 enables AF to adapt burst timing (transmission time and/or periodicity) optimally considering the radio configuration, SA2#151E meeting issued below EN.  
Editor's note: whether the application benefits from receiving multiple values or a window for periodicity is FFS.
In this contribution, we discuss and provide our view on this EN. 
Background:
The NR TDD configuration framework has a hierarchical structure consisting of, first, cell-specific TDD pattern provided via RRC/SIB signaling (TDD-UL-DL-ConfigCommon); second, UE specific TDD pattern via RRC signalling in TDD-UL-DL-ConfigDedicated and, third, dynamic (lower-layer) indication provided via a DCI scheduling an UL or DL transmission or providing Slot Format Indication (SFI) for one or multiple radio slots. Each of these signalling messages allows to indicate whether a symbol is either UL, DL or flexible, and only those symbols defined as ‘flexible’ may be later overridden to be either UL or DL following the specified signalling hierarchy. 
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As per TS 38.331, the possible periodicities for the TDD cycle are 0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 5 ms, or 10 ms. It can be 20ms in case TDD Cycles are concatenated.
Figure below illustrates an exemplary TDD configuration of the radio interface, where green areas represent time slots when arrived DL bursts can be scheduled in time and red zones represent time slots, when arrived DL bursts will experience excessive delay due to buffering. 
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RAN can provide one / window of periodicity as part of feedback to AF. Different cases are discussed below: 
Case1:
No periodicity feedback from RAN to AF. AF selects periodicity value based on its internal configuration information. As illustrated in above figure, even if the initial BAT is configured correctly, the selected periodicity may not be compatible with the TDD cycle and the probability of misalignment of burst arrival times and TDD configuration, is high.
Case2: 
RAN provides periodicity feedback to AF and AF adjusts to the provided periodicity value. No misalignment of burst arrival times and TDD configuration.
Note: AF can choose any multiple of the received periodicity value. For example, multiples of smallest periodicity value (e.g., 0.5 ms, 0.5*2 ms, 0.5*3 ms). Obviously in this case there will be no misalignment of burst arrival times and TDD configuration.
Case 3:  
RAN provides feedback of periodicity window to AF and AF selects periodicity value from the received periodicity window but that may be slightly different than the TDD cycle periodicity. The burst arrival times drift towards the red zones and eventually enter the area where delay requirement of the stream cannot be met. Compatible periodicities (with TDD cycle) have discrete values, so compatible periodicity range cannot be defined. Probability of misalignment between burst arrival times and TDD cycle is high.
Proposed way forward
Misalignment of packets at RAN (e.g., receiving packets after the scheduled slots) can be experienced as illustrated in case 1 & case 3 of above figure. Misalignment of packets at RAN is not experienced as depicted in case 2 where RAN provides feedback of periodicity 
So, it is not possible to define continuous periodicity range that is fully compatible with the TDD cycle, but RAN can provide multiple compatible periodicity values. For example, multiples of the shortest compatible periodicity are also compatible with the RAN’s TDD configuration. 
2. Text Proposal
It is proposed to capture the following changes vs TR 23.700-25 V0.3.0.
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6.13	Solution #13: Pro-active RAN burst timing preference provision
[bookmark: _Toc26386437][bookmark: _Toc26431243][bookmark: _Toc30694641][bookmark: _Toc31096555][bookmark: _Toc104964517]6.13.1	Introduction
This solution enables AF to configure burst transmission scheduling (transmission time and/or periodicity) optimally considering the radio configuration. This is achieved by signalling RAN burst timing preferences pro-actively to AF at the time of QoS configuration phase.
* * * * First change * * * *
[bookmark: _Toc26386438][bookmark: _Toc26431244][bookmark: _Toc30694642][bookmark: _Toc31096556][bookmark: _Toc104964518]6.13.2	Functional Description
This solution is based on the following principles:
-	The AF indicates its burst timing adaptation capabilities in QoS request together with the TSC stream characteristics to TSCTSF. The TSCTSF sends burst timing adaption capabilities in TSCAC to the PCF:
-	The application may be capable of adapting burst sending time and/or burst periodicity proactively based on the feedback.
-	The SMF receives the TSCAC including burst timing adaptation capability from the PCF and sends it to the RAN in TSCAI.
-	For a given UE, the RAN node derives the preferred time window for burst arrival taking at least radio configuration and radio resource status into account and communicates the derived burst timing preferences to 5GC. RAN burst timing preferences includes both the burst arrival window (BAW) in absolute time and burst periodicity(es) (separately for UL and DL in order to align periodic burst optimally to the radio configuration at the radio interface. Burst arrival window (BAW) refers to the time period that is provided by RAN, including the earliest possible absolute time and the latest possible absolute time (taking radio configuration and radio resources status into account).
- 	RAN can provide one/multiple of periodicities as part of feedback to AF based on the periodicity values of the TDD cycle specified in TS 38.331[5].

NOTE 1:	If the application is unable to adapt the traffic according to burst timing preferences provided by the AF, there could be misalignment between incoming traffic and transmission opportunity in the RAN.
* * * * Second change * * * *

Editor's note:	whether the application benefits from receiving multiple values or a window for periodicity is FFS.
-	The SMF translates the (absolute time) burst arrival window from 5G clock to external clock (depending on AF time domain) and from RAN reference point to 5G ingress reference point considering the clock drift between the 5G clock and external clock, UE/DS-TT residence time and CN PDB. The SMF forwards the preferred 5G Ingress BAW and preferred periodicity for UL and DL along with UE/DS-TT residence time to the PCF.
-	The TSCTSF receives burst timing preferences (BAW and periodicity) from the PCF. The TSCTSF may derive exact 5G ingress burst arrival times from the burst arrival window from the RAN node.
-	The TSCTSF forwards burst timing preferences to the AF.
NOTE 2:	Achieving determinism for the transport network (i.e. to avoid inaccuracies with CN PDB) is out of scope for this solution.
[bookmark: _Toc26386439][bookmark: _Toc26431245][bookmark: _Toc30694643][bookmark: _Toc31096557][bookmark: _Toc104964519]6.13.3	Procedures
As shown in figure below, the solution utilizes existing procedures. Mainly following enhancements are proposed:
1.	The AF session with requested QoS procedure (clause 4.15.6.6 of TS 23.502 [3]) is used for burst timing adaptation capability signalling from AF to PCF.
-	The TSCTSF includes the burst timing adaptation capabilities in TSCAC.
2.	The burst timing adaptation capability is forwarded to RAN by reusing PDU session modification procedure. The PDU session modification procedure is also used for RAN timing preference signalling to the PCF.
-	The SMF derives the TSCAI and includes the burst timing adaptation capabilities in TSCAI.
* * * * Third change * * * *

-	The RAN derives RAN burst timing preferences (preferred RAN BAW and periodicity(ies)) based on the radio configuration and radio resource status, and performs admission control. RAN communicates the derived timing preferences to SMF (through AMF).
-	The SMF translates RAN BAW to 5GS ingress BAW and signals RAN preferences to PCF.
3.	The notification procedures are utilized for burst timing preference signalling from PCF to TSCTSF and from TSCTSF to AF.
-	The TSCTSF derives exact BAT from the BAW and includes BAT to the NEF.
-	The TSCTSF provides the updated BAT value as part of TSC Assistance container which is eventually forwarded to the SMF and provided as updated TSCAI to the RAN.


Figure 6.13.3.1-1: Procedure for AF requested QoS with burst timing adaptation
[bookmark: _Toc26386440][bookmark: _Toc26431246][bookmark: _Toc30694644][bookmark: _Toc31096558][bookmark: _Toc104964520]6.13.4	Impacts on existing services and interfaces
AF:
-	Indication of burst timing adaptation capabilities.
-	Burst sending schedule adaptation according to the received timing preferences.
TSCTSF:
-	Reception and forwarding of burst timing adaptation capabilities.
-	Receptions of RAN timing preferences from the PCF.
-	Derivation of the exact BAT from the wider BAW from the RAN and timing coordination between burst of different TSC streams and providing the BAT value as part of updated TSCAI to the RAN.
RAN:
-	Reception of Adjustment Capability flag that triggers derivation of RAN Burst arrival window and periodicity.
-	Derivation of RAN burst timing preferences based on the radio configurations and radio resource status.
SMF:
-	Translation of RAN burst arrival window to 5GS ingress burst arrival window.
NEF, PCF:
-	Support of signalling burst timing adaptation capabilities and RAN timing preferences.

* * * * End of changes * * * *
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