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1 Introduction
In the previous RAN#99 meeting, the new WID on NR Timing Resiliency and URLLC enhancements had been approved [1].  The working objective regarding RAN feedback (i.e. BAT offset reporting) for low latency communication are listed below,
	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 will attempt to figure out the potential RAN2 impacts of NR Timing Resiliency and URLLC enhancements based on the latest conclusion in TR 23.700-25 [2].
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 Scenarios
Having checked the solution about RAN feedback for low latency communication proposed by SA2, we noticed that both proactive feedback and reactive RAN feedback are supported for downstream scheduling. However, regarding the RAN feedback for upstream scheduling, no process was made yet. 
Thus, RAN2 should first discuss whether to adopt reactive RAN feedback for upstream scheduling, as per the new WID. In our understanding, it is obviously beneficial to support this. Specifically, similarly to the adaption for downstream scheduling with RAN feedback, the performance gain (in terms of low latency) will be also obtained if RAN feedback for upstream scheduling is supported, with which the RAN can attempt to properly allocate the UL grant to avoid data buffering at the UE side. 
Proposal 1: RAN2 confirms reactive RAN feedback for upstream scheduling is supported. 
Further, in Rel-17 NR, SDT procedure had been introduced for small data transmission in RRC INACTIVE state. Then, to facilitate the data transmission (e.g. TSN traffic data) in RRC INACTIVE state with lower latency (considering the maximax duration of an SDT session can be as long as 4s and periodical CG PUSCH resources can be continuously used in RRC INACTIVE without going in RRC CONNECTED state), it seems necessary to enable RAN feedback for upstream scheduling for the RRC INACTIVE UE with ongoing SDT procedure. This is practical and feasible as the data volume of TSN traffic is generally about 40kB with periodic characteristics, which is the ideal traffic pattern for which the SDT procedure is supposed to be initiated. Therefore, we have the following proposal.
Proposal 2: Reactive RAN feedback for upstream scheduling is also supported for an RRC INACTIVE UE with an ongoing SDT procedure. 
2.2 RAN feedback configuration
If reactive RAN feedback for upstream scheduling is ageeable, then the next question comes to that how to enable that RAN feedback at the UE side. From the upper layer point of view, the RAN feedback is modeled to be associated with a QoS flow. But from the Uu transmission perspective, radio resource allocation is performed per LCH level (associated with an RB). In other words, UP data belonging to different QoS flows but mapped to the same RB generally suffer from the same radio transmission condition. In this sense, we think the network can determine whether reactive RAN feedback is enabled via DRB-level enabling indication. With that, the UE can provide RAN feedback for the QoS flows that are mapped to the enabled DRB. Furthermore, as per the SA2 solution, the network should configure a BAT offset threshold to determine whether to provide RAN feedback. In our opinion, the granularity of this BAT offset threshold should be the same as the RAN feedback enabling indication (i.e. per DRB level). 
Thus, we have the following proposals, 
Proposal 3: An indication of one bit is used to enable the reactive RAN feedback for upstream scheduling per DRB level. 
Proposal 4: For reactive RAN feedback for upstream scheduling, BAT offset threshold is configured per DRB granularity. 
2.3 RAN feedback provision
[bookmark: _GoBack]Last but not least, here comes the RAN feedback provision with enabling indication, as illustrated in Figure 1. After receiving the enabling indication, the UE will report the RAN feedback if the time offset value of a QoS flow belonging to the enabled DRB reaches the configured threshold, as mentioned by SA2 group. In addition, for RAN feedback for downstream scheduling, both BAT offset value and periodicity can be provided. The same logic can be applied to the upstream scheduling as well. That is both BAT offset value and periodicity can be provided by the UE in the case of RAN feedback for upstream scheduling.


Figure 1: RAN feedback provision
Proposal 5: RAN2 confirms that reactive RAN feedback for upstream scheduling is initiated when the BAT offset value reaches the BAT offset threshold configured. 
Proposal 6: From Uu perspective, RAN feedback for upstream scheduling can include BAT offset value and periodicity. 
3 Conclusion
In this contribution, we have elaborated on the potential RAN2 impacts of NR Timing Resiliency and URLLC enhancements. All the proposals are summarized below:
Scenarios:
Proposal 1: RAN2 confirms reactive RAN feedback for upstream scheduling is supported. 
Proposal 2: Reactive RAN feedback for upstream scheduling is also supported for an RRC INACTIVE UE with an ongoing SDT procedure. 

RAN feedback configuration:
Proposal 3: An indication of one bit is used to enable the reactive RAN feedback for upstream scheduling per DRB level. 
Proposal 4: For reactive RAN feedback for upstream scheduling, BAT offset threshold is configured per DRB granularity. 

RAN feedback provision:
Proposal 5: RAN2 confirms that reactive RAN feedback for upstream scheduling is initiated when the BAT offset value reaches the BAT offset threshold configured. 
Proposal 6: From Uu perspective, RAN feedback for upstream scheduling can include BAT offset value and periodicity. 
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5 Annex: 
[bookmark: _Hlk131757514]Solution to KI#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.
-	When the AF gets the feedback for BAT (in both modes), the AF adjusts the burst sending time accordingly.
-	When the AF gets the periodicity feedback (in proactive mode), the AF adjusts the periodicity accordingly.
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.
-	The AF provides adaptation capability information of the application to 5GS as described below.
Principles for Proactive feedback for BAT:
-	The AF may indicate its capability for BAT window along with the BAT as specified in Rel-17. If the PCF receives a policy authorization request from the AF/NEF/TSCTSF that indicates that capability or 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 an indication for a BAT adaptation capability or a BAT window, in a TSCAC, the SMF includes that indication or a BAT window into TSCAI along with the QoS Flow establishment request. This 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 within the BAT window, if available, value. The BAT offset is provided from NG-RAN to SMF, eventually forwarded via PCF/TSCTSF/NEF to AF.
-	If the AF does not receive the BAT offset (e.g. NG-RAN did not provide it), the AF assumes that the 5GS does not support BAT adaptation and the initial BAT value is used as a Burst Arrival Time in 5GS.
-	The SMF configures the UPF for clock drifting reports as specified in TS 23.502 [3]. In a case the SMF receives a clock drifting report from UPF, if the SMF has received a BAT offset from the RAN, the SMF adjusts the BAT offset based on the existing procedures in TS 23.502 [3] and provides the updated BAT offset to the AF via PCF/TSCTSF/NEF.
Principles for Proactive feedback for Periodicity:
-	The AF may also indicate its capability for Periodicity Range in the AF Request along with the Periodicity as specified in Rel-17, together with the parameter for BAT adaptation mentioned above:
-	The RAN may provide a periodicity feedback together with a BAT offset mentioned above. The periodicity feedback shall be within the Periodicity Range (if available).
-	If the RAN provides feedback with proposed periodicity value and a BAT offset, the BAT offset is accepted based on the proposed periodicity.
-	If the RAN provides BAT offset and no proposed periodicity, the Periodicity as specified in Rel-17 is accepted and the BAT offset is processed as described for the proactive feedback for BAT.
-	The AF may attempt to update the Periodicity and/or BAT using the same procedure as described for initial proactive feedback.
-	If the interworking with TSN network deployed in the transport network is supported, the SMF/CUC uses the accepted periodicity and BAT offset to derive the Talker/Listener Group in IEEE 802.1Qcc [6] as described in clause 8.3.
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.
[bookmark: _Hlk131755298]-	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.
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