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1. Introduction
To help applications to adapt scheduling, SA2 has discussed how to enable NG-RAN to provide feedback to the application. And in RAN#99, the WID for NR Timing Resiliency and URLLC enhancements [1] was agreed with the following objective:
3.
Adapting downstream and upstream scheduling based on RAN feedback for low latency communication [RAN3, RAN2]:

a.
RAN enhancements in order for application to adapt scheduling based on RAN feedback (e.g., feedback regarding burst arrival time, periodicity) for low latency communication.

Note 3:
Reactive RAN feedback for upstream scheduling is pending RAN2 conclusion on burst arrival time (BAT) offset derivation.
This contribution discusses NG-RAN enhancements on RAN feedback for low latency communication.
2. Discussion
To enable the applications to adapt the scheduling in order for 5GS to meet low latency requirement, SA2 has discussed the solutions of RAN feedback to the application. RAN feedback could be provided in two ways, one is Proactive RAN feedback and the other is Reactive RAN feedback. The Proactive RAN feedback is provided as part of QoS flow establishment or modification, and the Reactive RAN feedback is provided after QoS flow establishment.
Clause 5.27.2.5.2 in TS 23.501 [2] describes the RAN feedback to support adaptive scheduling in the application. Referring to the clause in TS 23.501, in case of Proactive RAN feedback,
· The SMF may provide the Burst Arrival Time (BAT) Window and the BAT with the QoS Flow establishment request, and the SMF may provide the Periodicity Range together with the Burst Arrival Time Window.
· If the NG-RAN receives the Burst Arrival Time Window, the NG-RAN can determine a BAT offset and provide the BAT offset to the SMF in the response to the QoS Flow establishment or modification request.
· Also if the NG-RAN receives a Periodicity Range, the NG-RAN can determine a adjusted periodicity and provide the adjusted periodicity to the SMF in the response to the QoS Flow establishment or modification request.
So in case of Proactive RAN feedback, the configuration for RAN feedback could be delivered with the TSC assistance information and the RAN feedback information is provided as a part of existing QoS flow establishment. The configuration for RAN feedback could include the BAT window and the Periodicity Range, and the RAN feedback could include the BAT offset and the adjust periodicity
Proposal 1: Include the Burst Arrival Time Window and the Periodicity Range in the TSC Assistance Information IE over NG interface.

Proposal 2: Introduce new TSC RAN Feedback Information IE in the PDU Session Resource Setup Response Transfer IE and the PDU Session Resource Modify Response Transfer IE over NG interface, which can include the BAT Offset and the Adjusted Periodicity per QoS flow.
And, clause 5.27.2.5.2 in TS 23.501 [2] describes further details when and how the NG-RAN can determine a BAT offset and a adjusted periodicity:
Observation 1: The BAT offset shall be within the BAT Window and calculated with reference to the BAT.

Observation 2: The adjusted periodicity can be provided only if the NG-RAN receives the Periodicity and the Periodicity Range in the TSCAI, and shall be within the Periodicity range and provided together with the BAT offset to the SMF.
Referring to clause 5.27.2.5.3 in TS 23.501, in case of Reactive RAN feedback, 

· The SMF may indicate the capability for BAT adaptation without the BAT in the TSCAI with the QoS Flow establishment. 

· If the NG-RAN receives the capability for BAT adaptation and the notification control is enabled, the NG-RAN can determine a BAT offset and provide the BAT offset to the SMF when sending the notification towards the SMF.

So in case of Reactive RAN feedback, the configuration information for RAN feedback could be delivered as a part of existing QoS flow establishment, but the capability for BAT adaptation shall not be indicated if the SMF provides the BAT. And the feedback information for Reactive RAN feedback could include the BAT offset and be delivered as a part of existing resource notify.

Proposal 3: Include the Capability for Burst Arrival Time Adaption in the TSC Assistance Information IE over NG interface only if not including the Burst Arrival Time in the same TSC Assistance Information IE.

Proposal 4: Introduce the BAT offset in the QoS Flow Feedback List IE in the PDU Session Resource Notify Transfer IE over NG interface.

And, clause 5.27.2.5.3 in TS 23.501 [2] describes further details when and how the NG-RAN can determine a BAT offset when the Reactive RAN feedback is provided:


Observation 3: If NG-RAN determines that the PDB of the QoS flow cannot be fulfilled in DL and UL direction, then NG-RAN determines a BAT offset value. And NG-RAN shall not provide a BAT offset with the same value until the PDB of the QoS Flow can be fulfilled again.

The details on BAT offset determination would depend on radio resource scheduling and management, so have to be discussed and defined by RAN WG2. Also, as mentioned above in TS 23.501 [2], SA2 expects further discussion on BAT offset determination in RAN WG2.

Proposal 5: Discuss further details for both Proactive and Reactive RAN feedback after RAN2’s discussion on the determination of the BAT offset by referring to Observation 1, 2 and 3.

3. Conclusion
This contribution discusses RAN3 specification impact to support adaptation of downstream and upstream scheduling based on RAN feedback and has the following proposals: 

For Proactive RAN Feedback:
Proposal 1: Include the Burst Arrival Time Window and the Periodicity Range in the TSC Assistance Information IE over NG interface.

Proposal 2: Introduce new TSC RAN Feedback Information IE in the PDU Session Resource Setup Response Transfer IE and the PDU Session Resource Modify Response Transfer IE over NG interface, which can include the BAT Offset and the Adjusted Periodicity per QoS flow.

For Reactive RAN Feedback:

Proposal 3: Include the Capability for Burst Arrival Time Adaption in the TSC Assistance Information IE over NG interface only if not including the Burst Arrival Time in the same TSC Assistance Information IE.

Proposal 4: Introduce the BAT offset in the QoS Flow Feedback List IE in the PDU Session Resource Notify Transfer IE over NG interface.

Observation 1: The BAT offset shall be within the BAT Window and calculated with reference to the BAT.

Observation 2: The adjusted periodicity can be provided only if the NG-RAN receives the Periodicity and the Periodicity Range in the TSCAI, and shall be within the Periodicity range and provided together with the BAT offset to the SMF.

Observation 3: If NG-RAN determines that the PDB of the QoS flow cannot be fulfilled in DL and UL direction, then NG-RAN determines a BAT offset value. And NG-RAN shall not provide a BAT offset with the same value until the PDB of the QoS Flow can be fulfilled again.

Proposal 5: Discuss further details for both Proactive and Reactive RAN feedback after RAN2’s discussion on the determination of the BAT offset by referring to Observation 1, 2 and 3.
4. References

[1] RP-230754, New WID on NR Timing Resiliency and URLLC enhancements
[2] TS 23.501 v18.1.0, System architecture for the 5G System (5GS); Stage 2 (Release 18)
-	The NG-RAN can determine a BAT offset in order to align the expected arrival of the traffic bursts (as indicated in the BAT) with the time when the next transmission over the air interface in each direction (i.e. DL or UL) is expected. The BAT offset shall always be provided by NG-RAN and it shall be within the BAT Window. The BAT offset is calculated with reference to the BAT.


[…]


-	If the RAN also receives a Periodicity Range along with the Periodicity in the TSCAI for a QoS flow, the 5GS will further perform the following actions:


-	The RAN may determine an adjusted periodicity in order to align the periodicity of the traffic bursts with the expected time interval between subsequent transmission opportunities over the air interface in each direction (i.e. DL or UL). If the RAN determines an adjusted periodicity, the RAN provides it together with a BAT offset mentioned above. The adjusted periodicity shall be within the Periodicity Range and the BAT offset is based on the adjusted periodicity.





If the RAN receives the capability for BAT adaptation without a Burst Arrival Time in the TSCAI and notification control is enabled for this QoS Flow, the 5GS will perform the following actions:


-	If NG-RAN determines that the PDB of the QoS flow cannot be fulfilled in DL and UL direction, then if supported, NG-RAN shall determine a BAT offset value which reduces the time between the arrival of the traffic bursts and the time of the next possible transmission over the air interface for DL and UL, respectively. NG-RAN shall not provide a BAT offset with the same value until the PDB of the QoS Flow can be fulfilled again.


NOTE:	NG-RAN determines BAT offset value in reference to the current arrival time of the bursts experienced by RAN in DL and by UE in UL. Further details on BAT offset determination for DL and UL will be defined by RAN WG2.








