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Introduction
In RAN#99 meeting, WI “NR Timing Resiliency and URLLC enhancements” was approved [1], with following URLLC objective related to RAN2:

3.	Adapting downstream and upstream scheduling based on RAN feedback for low latency communication [RAN3, RAN2]:
[bookmark: _Hlk129264944]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.

In this contribution, we discuss RAN reactive UL feedback for burst sending time adjustment.
Discussion
[bookmark: _Hlk61435005]Background
In SA2 TR 23.700-25, following is the conclusion of “Key issue #6: Adapting downstream scheduling based on RAN feedback for low latency communication”:
The following bullet points summarize the principles for the way forward:
-	Proactive feedback requires that 5GS and the AF receive time information from the same master clock. Since this assumption cannot hold in all deployments, both pro-active and reactive feedback mode shall be supported. The feedback is in order to align the burst arrive time and the next transmission opportunity on the respective direction (i.e. both UL and DL) of the traffic to reduce the potential buffering delay.
-	[omitted]
NOTE 1:	For both UL and DL direction, the AF adjusts the burst sending time and periodicity by using application layer mechanism, e.g. to notify the application in device side.
[omitted]
Principles for Reactive feedback:
-	The AF may request the 5GS to 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 [2] and includes an indication of "burst arrival time adaptation" in the QoS-request to the 5GC.
-	If the PCF receives indication for " 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 [2] 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 " burst arrival time adaptation" to the QoS profile.
-	If the Notification control is enabled and indication of " burst arrival time adaptation" is set in the TSCAI, and the NG-RAN determines that the PDB can no longer be guaranteed for a QoS Flow, the NG-RAN notifies the SMF as described in TS 23.501 [2] and in addition may include a BAT offset to the N2 SM information that is sent to SMF, eventually forwarded via PCF/TSCTSF/NEF to AF.
-	If the NG-RAN receives the indication for "burst arrival time adaptation", the NG-RAN indicates the parameter to the UE via RRC signalling. The NG-RAN indicates a threshold for the BAT offset reports to the UE.
-	If the UE receives the indication for "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.
NOTE 2:	Whether the UE provides the BAT offset to the RAN or RAN can determine the BAT offset based on other information provided by the UE will be determined by RAN WG2. Need for "burst arrival time adaptation" indication to the UE depends on the RAN WG2 conclusion.
There are LS exchanges between SA2 and RAN2 in R2-2211123, R2-2211135, R2-2213070, and R2-2300073, with the latest reply from SA2 copied below: 
Question: 
· In this adaptation mechanism applied to the UL, how dynamically would the UE reported information change, and what would be the delay requirement for providing such information?
SA2 Answer:
For reactive UL RAN feedback, it can happen at the beginning of the traffic transmission after QoS flow establishment, however it can also happen when there is change on the burst sending time of the application or the resource status in the RAN. 
There is no exact value on the delay requirement for providing the UE reported information, but SA2 expects that the UE reported information should be provided to RAN as soon as possible.

Reactive RAN feedback was discussed in RAN2#120 and RAN2#121 meetings. Contribution [2] proposes that RAN2 introduces UEs UL Burst Arrival Time (BAT) reporting. Contributions [3][4] show the concerns on introducing the UL BAT reporting e.g. lack of details from SA2, the impact to scheduling, and that burst sending time adjustment can be handled by UE internal implementation.
Necessity to introduce BAT offset signalling in RAN
As cited from the above conclusion of TR 23.700-25, the overall procedure of UL reactive feedback is as follows: 
1) AF requests 5GS to report BAT offset;
2) NG-RAN receives the indication for "burst arrival time adaptation", and indicates the parameter to the UE via RRC signalling;
3) UE determines a relative BAT offset value and sends to NG-RAN; 
4) NG-RAN sends the BAT offset value to SMF;
5) SMF sends the BAT offset value to AF;
6) AF adjusts the burst sending time by using application layer mechanism, e.g. to notify the application in UE side.
SA2’s conclusion on BAT adaptation in TR 23.700-25 is mainly based on solution#15 (which is an enhancement of Solution#2 to make it applicable also for traffic in UL direction). For DL reactive feedback, BAT offset reporting from RAN is helpful since the BAT offset to minimize latency is known by RAN side, but not by the device generating DL traffic or SMF/AF.
The situation is different for UL reactive feedback, where UE knows the BAT offset and UE application layer performs the BAT adjustment. Rel-16 URLLC introduces an enhancement to LCG (via IE allowedCG-List-r16) to map a DRB to a CG configuration. UE knows the burst arrival time of a TSC flow and timing of the corresponding CG configuration, and can adjust the burst arrival time via internal coordination considering processing time, as shown in Figure 1 below. 
[image: ]
Figure 1: UL BAT adjustment
It seems unnecessary for UE to report BAT offset to AF via NG-RAN, which eventually informs the UE application layer to adjust BAT. Such loopback adjustment not only increases signalling overhead, but also introduces additional delay for adjustment. 
[bookmark: Obs_Coor]Observation 1: It is feasible for UE to align the UL burst arrive time and the next transmission opportunity via internal coordination.
[bookmark: Obs_Loopback]Observation 2: UE reporting BAT offset to AF via NG-RAN increases signalling overhead and introduces additional delay for adjustment.
Given that SA2 is handling the framework of adapting upstream scheduling based on RAN feedback, it is necessary to send LS to SA2 to ask whether it is sufficient to use UE internal coordination to align the UL burst arrive time and the next transmission opportunity.
[bookmark: Proposal_LS]Proposal 1: RAN2 sends LS to SA2 to ask whether it is sufficient to use UE’s internal coordination to align the UL burst arrive time and the next transmission opportunity.
Conclusion
In this contribution, we discuss RAN reactive UL feedback for burst sending time adjustment. We have the following observations:
Observation 1: It is feasible for UE to align the UL burst arrive time and the next transmission opportunity via internal coordination.
Observation 2: UE reporting BAT offset to AF via NG-RAN increases signalling overhead and introduces additional delay for adjustment.
We propose the following:
Proposal 1: RAN2 sends LS to SA2 to ask whether it is sufficient to use UE’s internal coordination to align the UL burst arrive time and the next transmission opportunity.

References
[bookmark: Ref_WID][1] RP-230754, Nokia et al, "New WID on NR Timing Resiliency and URLLC enhancements"
[bookmark: Ref_Huawei][2] R2-2300483, Huawei et al, 	"Discussion on RAN solution to provide UL reactive feedback for burst sending time adjustment"
[bookmark: Ref_Qualcomm][3] R2-2212478, Qualcomm, "Discussion of SA2 LS on RAN UL burst sending time adjustment"
[bookmark: Ref_Ericsson][4] R2-2301836, Ericsson, "On reactive RAN feedback for burst sending time adjustment"


6

image1.png
Original BAT

;\‘I New BAT [ [
[¢— ‘ |
Processing time CG




