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Introduction
 In this contribution we discuss the BAT offset derivation relating to the new Timing Resiliency and URLLC Enh WI introduced in [1] as follows: 
	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.



Note that RAN2 already discussed this in RAN2 120 and RAN2 121 based on SA2 LS in [2] [3] with no consensus reached.  
 Problem Description
In order to minimize the User Plane buffering delay of low latency applications, AF and NG-RAN attempt to align their understanding of the burst arrival time, correcting for any timing discrepancy in their synchronization in the process. When AF gets the feedback, that may be reactive or proactive as explained below, it can adjust the application to adapt the BAT time to the transmission opportunity. This can be done at both NG-RAN side for DL traffic and UE side for UL traffic. 
For low latency communication, SA2 has agreed to support the following two methods to assist the RAN in adapting DL scheduling to low-latency traffic arrival time:
· Reactive feedback: Based on the observed user plane burst arrivals, RAN can adapt DL resource scheduling to ensure low latency of delivery.
· Proactive feedback: Burst Arrival Time is provided from AF to RAN as part of TSCAI in control signalling. RAN can then adapt resource scheduling to ensure low latency between Burst Arrival Time and RAN scheduled DL resources.
SA2 is then considering whether to extend DL reactive mechanisms to UL, and propose whether some feedback from RRC is required as described in clause 8.4 of TR 23.700-25 as there is no BAT in TSCAI to the RAN in Reactive feedback.
RAN BAT Derivation
In order for gNB to derive the RAN burst arrival time, i.e., the time a “burst” is first detected within the user plane there are roughly two options:
Option 1: UE informs RAN of its BAT via UAI or some other measurement report.
Option 2: gNB utilizes existing BSR measurement to derive BAT. 
Introducing new signalling
In the new signalling proposed in [4] it is proposed that the UE records the time difference There are a between UE Burst time arrival and time this burst is transmitted, and transmits that to the application function. At a first examination, this can work but under some restrictive assumptions. 
Observation 1: UE can adequately calculate the Burst arrival time offset to transmission time under the following assumptions:
Assumption 1: The Burst consists of one packet only.
Assumption 2: A CG is used to transmit the burst. This CG is only assigned to the LCH carrying this burst and cannot be deprioritized by DG/SR/another CG. The MAC PDU cannot also be deprioritized.
Assumption 3: A CG is used to transmit the burst. This CG is only assigned to the LCH carrying this burst and cannot be deprioritized by DG/SR/another CG. The MAC PDU cannot also be deprioritized.
Assumption 4: Burst cannot be partially transmitted, e.g., due to RLC segmentation or any PHY variations in TB size. 
Assumption 5: Burst arrivals are periodic and deterministic with full control of the application on varying Burst generation time. 
Although the measurement itself is straightforward, our view is that the assumptions for which RAN can derive BAT based on UE offset between BAT and a dedicated CG are too narrow with respect to burst size, jitter, determinism, and gNB scheduling strategy.
Observation 2: RAN derivation based on BAT signalling from UAI works for a narrow use case with respect to burst characteristics and gNB scheduling. More complex UE signalling is needed to cover any variation in burst characteristics.
Using Existing signalling 
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gNB can also use existing BSR signalling to derive BAT. Simply put as shown in the fig., gNB would have a general idea on the BAT based on BSR collection. To obtain more accurate information, gNB can schedule additional BSR to derive BAT estimations with arbitrarily high accuracy.
Observation 3: BSR can be used to derive BAT with any required accuracy.
Note that unlike the UE reporting a single offset, the BSR mechanism would be more robust to artifacts like burst size variation. As the UE offset report method would breakdown with burst size variation or burst jitter (unless more complex signalling and general operation is introduced), the BSR method can be adapted to such artifacts by actually observing burst sizes. Note that gNB needs this information anyway to determine the proper CG size. It would be up to RAN3 if and how this information may be conveyed to the AF. 
Observation 4: Appropriately scheduled BSR to derive BAT are not as restrictive as UE offset on assumptions regarding Burst characteristics. They are also essential for gNB appropriate scheduling so would be more in line with gNB strategy of serving the burst. 
BAT Derivation
To conclude, we do not see much utility for introducing UE offset signalling. On one hand it is very narrow in terms of the actual use cases it serves and can be ambiguous if the strict assumptions on the use case are even slightly varied. On the other hand, existing BSR mechanism can very adequately do the task. Although it may take a couple of attempts to get the BAT estimate within the needed accuracy, which may imply signalling overhead, UAI would also include signalling overhead at the UL. As for accuracy, The motivation as we understand from 23.700-25 is bringing BAT with a few ms from the CGO (i.e., not a subslot accuracy or something very tight) so that would be all the more reason to use BSR. 
Proposal 1: No new UE signalling is introduced for BAT offset derivation at RAN. 
Upstream BAT adaptation
For the general issue of upstream BAT adaptation, we would like to reemphasize that our view that the AF solution is only useful if both the UE and the gNB fail to solve the problem. From the gNB side, deriving BAT one way or the other gives the gNB useful information to vary the CG occasion to move it closer to BAT. Unless the load is high and BAT staggering is needed, the gNB has a lot of space to solve the problem without the overlay AF solution proposed by SA2. From the UE side, a good implementation can also indicate the offset to CG to the application. The application can then use the same mechanism proposed to alter its BAT. Thus, our view is that upstream adaptation solution can be fully implemented at the UE. To summarize, it is unclear to us when the proposed solution by SA2 would be needed given that both gNB and UE can solve the described problem. 
Observation 5: Upstream BAT adaptation can be performed by gNB and UE implementation. gNB can always alter CG to minimize buffering delay whereas UE implementation can perform UL BAT adaptation without AF signalling.  
Proposal 2: RAN2 to adopt the proposed draft LS below. 
Proposed LS Response to SA2
Overall Description:
RAN2 would like to thank SA2 for the LS in S2-2301420. With respect to the RAN derivation of the BAT offset, RAN2 has discussed the issue and concluded that NG-RAN can derive the BAT offset with high accuracy based on existing mechanisms available. RAN2 has also discussed the prospect of introducing new UE signalling and did not conclude that there was a strong case to introduce new UE measurements and signalling. Additionally, the overall UL BAT adaptation mechanism can be performed by UE implementation without the need for AF signalling. 
Actions:
To SA2, RAN3, RP:
RAN2 requests SA2, RAN3, RP to take this response into account.
Conclusion
Observation 1: UE can adequately calculate the Burst arrival time offset to transmission time under the following assumptions:
Assumption 1: The Burst consists of one packet only.
Assumption 2: A CG is used to transmit the burst. This CG is only assigned to the LCH carrying this burst and cannot be deprioritized by DG/SR/another CG. The MAC PDU cannot also be deprioritized.
Assumption 3: A CG is used to transmit the burst. This CG is only assigned to the LCH carrying this burst and cannot be deprioritized by DG/SR/another CG. The MAC PDU cannot also be deprioritized.
Assumption 4: Burst cannot be partially transmitted, e.g., due to RLC segmentation or any PHY variations in TB size. 
Assumption 5: Burst arrivals are periodic and deterministic with full control of the application on varying Burst generation time. 
Observation 2: RAN derivation based on BAT signalling from UAI works for a narrow use case with respect to burst characteristics and gNB scheduling. More complex UE signalling is needed to cover any variation in burst characteristics.
Observation 3: BSR can be used to derive BAT with any required accuracy.
Observation 4: Appropriately scheduled BSR to derive BAT are not as restrictive as UE offset on assumptions regarding Burst characteristics. They are also essential for gNB appropriate scheduling so would be more in line with gNB strategy of serving the burst. 
Proposal 1: No new UE signalling is introduced for BAT offset derivation at RAN. 
Observation 5: Upstream BAT adaptation can be performed by gNB and UE implementation. Only when both those mechanisms are unavailable, the proposed AF overlay BAT adjustment method can be deployed. 
Proposal 2: RAN2 to adopt the proposed draft LS below. 
References
[1]   RP-230754 New WID on NR Timing Resiliency and URLLC enhancements
[2] R2-2211135: LS S2-2209879 on UL burst sending time adjustment
[3] R2-2300073 	LS Reply on UL scenario of reactive RAN feedback for burst sending time adjustment (S2-2301420; contact: Huawei)	SA2	LS in	Rel-18	TRS_URLLC	To:RAN2	Cc:RAN3
[4] R2-2300483 Discussion on RAN solution to provide UL reactive feedback for burst sending time adjustment
image1.PNG
BSR
LCG=0

Burst

BAT offset lowe time

BAT offset upper bound





