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Abstract: It is proposed to add evaluation and conclusion of KI#6. 
1. Introduction/Discussion
There are currently 7 solutions in the TR for Key Issue#6: Solution#2, Solution#12, Solution#13, Solution#15, Solution#16, Solution#21 and Solution#22. Solution#16 has been merged with Solution#12, so it is not considered further. Rest of the solutions are evaluated in this document, and conclusions are proposed.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-25.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *All new
7.X	Evaluation for KI #6: Adapting downstream scheduling based on RAN feedback for low latency communication

There are currently 7 solutions in the TR for Key Issue#6: Solution#2, Solution#12, Solution#13, Solution#15, Solution#16, Solution#21 and Solution#22. Solution#16 has been merged with Solution#12, so it is not considered further. Rest of the solutions are summarized below.
The solutions can be divided into two categories:
1) 	NG-RAN determines the timing feedback based on the reception time of the packets in user plane (Solutions 2 and 15).

The 5GS notifies the AF for the Burst Arrival Time offset; that is expressed in reference to the actual reception timing of the packets as experienced by the NG-RAN in User Plane; Burst Arrival Time offset can take positive or negative values. The solution#2 is applicable only for traffic in DL direction. Solution #15 is an enhancement of Solution#2 to make it applicable also for traffic in UL direction, but this impacts to the UE. The solutions do not require that the application is time-synchronized with the 5GS, i.e. BAT in TSCAI is optional.
The solution can only adjust the sending time after the traffic has started. In practice it requires several packets until the application receives the feedback and required latency can be met. 
2)	5GS and AF negotiate the Burst Arrival Time in control plane (Solutions 12, 13, 21, 22)
These solutions require that the application is time-synchronized with the 5GS, i.e. BAT in TSCAI is mandatory.
In Solution#12 the AF provides a "BAT window" to 5GC and to NG-RAN; it consists of earliest and latest arrival time of the traffic. The NG-RAN responds with a "BAT offset" that is relative to the earliest arrival time in the BAT window and is less or equal to the subtract of the latest and earliest arrival times of the BAT window. The BAT offset can be provided separately for UL and DL directions. 
In Solution#21 the feedback from the NG-RAN is only used to indicate the timing of the burst to the Transport Network (via TN CNC), thus the solution requires that integration with TSN in the Transport Network is supported as described in Solution#11 for KI#5. In addition, since the feedback is not sent to the AF, the application cannot adjust the timing based on the feedback, thus the bridges in the Transport Network will buffer the bursts. Therefore, the solution just moves the buffering from NG-RAN to the TN and does not bring any benefit in terms of latency.    
In Solution#13 the NG-RAN provides a Burst Arrival Window (BAW) in absolute time and burst periodicity preference to 5GC (separately for UL and DL). The BAW and periodicity preference are then to be provided to the AF; the AF provides a BAT to the NG-RAN that is within the Burst Arrival Window. Compared to the Solution#12, the solution is less efficient as it requires multiple transactions between AF and 5GS to negotiate the BAT. Another drawback is that the NG-RAN indicates the limits to the AF, so it is assumed that the application can adjust the burst timing and periodicity based on the feedback from the RAN. 
Solution#22 is similar to Solution#13, but instead of providing Burst Arrival Window and periodicity preference, the NG-RAN provides "transmission opportunities" to the AF, that consists of start of frame reference time, a list of offsets for DL opportunities, a list of offsets for UL opportunities, and periodicity. The AF is then supposed to update the QoS-request accordingly. The solution also contains a procedure for the AF to query the "transmission opportunities" from the NG-RAN, before the AF has invoked the actual QoS-request for a stream. 

* * * * Second change * * * *All new
[bookmark: _Toc104964575]8.X	Conclusion for KI #6: Adapting downstream scheduling based on RAN feedback for low latency communication

Two sets of procedures are concluded for the normative phase: 
1) 	Reactive feedback: NG-RAN determines the timing feedback based on the reception time of the packets in user plane.

Reactive feedback is applicable regardless of the application is time-synchronized with the 5GS, i.e. BAT in TSCAI is optional.
2) 	Proactive feedback: 5GS and AF negotiate the Burst Arrival Time in control plane.

Proactive feedback is applicable only if the application is time-synchronized with the 5GS, i.e. BAT in TSCAI is mandatory. It is proposed to use Solution #12 as baseline for normative work for proactive feedback.
It shall be possible to apply only one of the procedures 1) or 2), or both, on a PDU Session basis. 
It is agreed to adopt the following principles for KI#6 for normative work for proactive feedback:
-	TSCAC and TSCAI are enhanced by a new attribute "BAT window" that is provided to PCF and to NG-RAN, respectively; it consists of earliest and latest acceptable arrival times of the traffic. BAT window is optional and can be provided instead of BAT.
Editor's Note: It is FFS if the AF needs to be able to indicate minimum and maximum Periodicity, instead of a single Periodicity value.
-	If the PCF receives a policy authorization request from AF/NEF/TSCTSF that includes a BAT window, the PCF sets a trigger to be notified for the "BAT offset" event for the corresponding PCC Rule via the SM policy control service to the SMF.     
-	If the SMF receives a BAT window in a TSCAC, the SMF includes the BAT window into TSCAI along the QoS Flow establishment request. The inclusion of BAT window indicates to the NG-RAN that the NG-RAN may provide a BAT offset in an N2 SM information as a response to the SMF. 
-	As a response to the QoS Flow establishment request, the NG-RAN may provide a "BAT offset" that is relative to the earliest arrival time in the BAT window and is less or equal to the subtract of the latest and earliest arrival times of the BAT window. The BAT offset is provided from NG-RAN to SMF. 
-	If the AF does not receive the BAT offset (e.g. NG-RAN did not provide it), the AF assumes that the earliest arrival time in the BAT window is used as a Burst Arrival Time in 5GS.
It is agreed to adopt the following principles for KI#6 for normative work for reactive feedback:
-	The AF may request the 5GS to continuously report the BAT offset; that is a time offset to the observed timing of the packet reception in the user plane in the NG-RAN. In this case the AF subscribes for the QoS notifications as described in the QoS notification control procedure in TS 23.501 and includes an indication of "continuous burst arrival time adaptation" in the QoS-request to the 5GC.
-	If the PCF receives indication for "continuous burst arrival time adaptation" along a subscription for QoS notifications in policy authorization request from AF/NEF/TSCTSF, the PCF sets the QoS notification control parameter as described in TS 23.501 and in addition sets a trigger to be notified for the "BAT offset" event for the corresponding PCC Rule via the SM policy control service to the SMF. The SMF provides the notification control parameter to the NG-RAN as described in TS 23.501, and in addition includes the indication of "continuous burst arrival time adaptation" to the QoS profile. 
-	If the Notification control is enabled and indication of "continuous burst arrival time adaptation" is set in the QoS profile, and the NG-RAN determines that the GFBR can no longer be guaranteed for a QoS Flow, the NG-RAN notifies the SMF as described in TS 23.501 and in addition may include a BAT offset to the N2 SM information that is sent to SMF. 
-	If the NG-RAN receives the indication for "continuous burst arrival time adaptation", the NG-RAN indicates the parameter to the UE via RRC signalling. The NG-RAN also indicates a threshold for the BAT offset reports to the UE. 
-	If the UE receives the indication for "continuous burst arrival time adaptation" from NG-RAN, the UE determines a relative BAT offset value in reference to the current Burst Arrival Time experienced by UE (i.e. in reference to when UE currently receives bursts) and the scheduling UL time slot at UE (e.g. in Configured Grants, as defined in TS 38.321 [11]). The UE sends the BAT offset to RAN when the time offset value reaches the configured threshold, and NG-RAN sends the BAT offset value to SMF.
It is agreed to adopt the following for KI#6 for normative work that is common for proactive and reactive feedback:
- 	If the trigger for the "BAT offset" event is set for a PCC Rule, and SMF receives a BAT offset from NG-RAN in the N2 SM information, the SMF provides the BAT offset to the PCF in the SM policy control update procedure. PCF notifies the AF/NEF/TSCTSF accordingly. 

Editor's Note: It is FFS if the BAT offset should be provided also in UL direction, in addition to DL direction. In reactive feedback mode the UE would need to report the offset to the NG-RAN.

* * * * End of changes * * * *
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