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1. Introduction

In the RAN#99 plenary meeting, a new RAN WID NR_TRS_URLLC [1] was approved with the following objectives:

	The detailed objectives of the Work Item are as follows:

1.
5GS network timing synchronization status and reporting [RAN3, RAN2]:

a.
AMF providing clock quality reporting control information per-UE to the gNB. [RAN3]

b.
gNB delivering 5G Clock quality information to the UE in RRC_CONNECTED state, based on the clock quality reporting control information and gNB capability. [RAN2, RAN3]

Note 1: 
Details of the 5G clock quality information will be decided by RAN3.

c.
UE in RRC_IDLE and RRC_INACTIVE state determining that the 5G Clock quality information has changed via information received in the broadcast signalling. [RAN2]

d.
gNB reporting node-level RAN timing synchronization status information towards the AMF, based on RAN timing synchronization status reporting configuration and gNB capability. [RAN3]

2.
Interworking with TSN network deployed in the transport network [RAN3]:

a.
RAN impacts due to 5G System integration with TSN Transport network
Note 2: This objective has dependency on the progress of SA2 and CT4.
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.


In this contribution, we focus on the Note 3 for the third objective. In the last RAN2 meeting, the corresponding issue was discussed and the following companies’ comments were recorded in the chair notes:

	Discussion

-
Ericsson indicates that there are many follow up questions like what is the offset.  Nokia agrees and also thinks that SA2 talking about the offset but not BAT.  Huawei says that the UE doesn’t need to know the offset.  Ericsson thinks that we still need to know what the offset is as RAN needs to calculate it.  

-
Qualcomm thinks that we don’t need to do anything.  gNB needs to have a reasonable estimate of this offset, like it can rely on BSR or when CG is provided and a new UE measurement isn’t needed.  Huawei thinks we needs to send the BAT.  Qualcomm explains that the traffic is very deterministic and the gNB can figure it out.  


Some companies thought the definition of BAT offset is unclear, also some companies thought the gNB can estimate the BAT offset by its implementation without the need of new UE measurement. In this contribution, we will further analyse the issue and try to provide more clarifications to the issue.
2. Discussion
SA2 has agreed on both proactive RAN feedback mode and reactive RAN feedback mode for Burst Arrival Time adjustments. In the latest TS 23.501 [1], the following description is captured for BAT offset:

	5.27.2.5.1
Overview

If the NG-RAN receives a TSCAI containing a BAT Window or the Capability for BAT adaptation for a QoS Flow, the NG-RAN can determine a BAT offset in order to align the arrival of the traffic bursts with the next expected transmission opportunity over the air interface in each direction (i.e. DL or UL). The BAT offset can take a positive or a negative values.

NG-RAN may support the following feedback mechanisms:

-
Proactive RAN feedback for Burst Arrival Time adaptation: NG-RAN may provide a Burst Arrival Time offset as part of QoS flow establishment or modification as illustrated in clause 5.27.2.5.2;

-
Reactive RAN feedback for Burst Arrival Time adaptation: NG-RAN may provide a Burst Arrival Time offset after QoS flow establishment as illustrated in clause 5.27.2.5.3.


The purpose of BAT offset is to guarantee the extremely low latency of URLLC, e.g. 2ms. In the TS 23.501, it says the BAT offset is determined by the NG-RAN, and is used to align the arrival of the traffic bursts with the expected transmission opportunities over the air interface in DL or UL. Since the air interface scheduling is completely controlled by the RAN node, the BAT offset is equivalent to the value by which the RAN node expects the application to advance or defer the burst generation time. 
Observation 1: The BAT offset is equivalent to the value by which the RAN node expects the application to advance or defer the burst generation time.

If the BAT offset is only determined by the RAN node, we think the above description is clear enough. For the proactive feedback mode, RAN node can derive and provide the BAT offset for both DL and UL flows based on the BAT contained in the TCSAI and its scheduling. Besides, for DL reactive feedback mode, when the service starts and the RAN node has already received the first burst of the flow, the RAN node implicitly perceives the DL BAT. 

For the UL reactive feedback mode, in the CR [5] attached in the LS [3], it says that NG-RAN shall determine a BAT offset value if NG-RAN determines that the PDB of the QoS flow cannot be fulfilled in UL direction. Currently, the UE cannot know the accurate PDB requirement of the QoS flow, since the network will not provide the QoS requirements including the PDB to the UE. Thus it is difficult for the UE to judge whether the PDB of the UL QoS flow can be met or not.
Proposal 1: For UL reactive feedback for BAT adaptation, RAN2 assumes it is gNB to determine whether to initiate the BAT offset reporting procedure to CN.
For the UL reactive feedback mode, in the previous SA2 LS [3], SA2 has confirmed the requirement for RAN2 to work on reactive feedback for UL burst sending time adjustment, and has also agreed to leave all the details to RAN2. In the LS, SA2 mentioned two example solutions for RAN to consider the BAT offset provisioning. One is to let the UE provide an explicit BAT offset to RAN. The other is to let the RAN determine the BAT offset implicitly based on other information (e.g. CG or SR) provided by the UE. The approaches are to provide one input to network on determining the BAT offset provided to CN. Subjecting to scheduling capability, the network shall take into account the collision in the time domain with the other UE’s data burst with PDB fulfilment as another input since the gNB may be hard to fulfil the overall PDB requirement of all the UL QoS flows from all UEs in the coverage of gNB. Hence we think network can defer or advance further more for BAT offset based on the collision with the other UE’s data burst. 

Proposal 2: For UL reactive feedback for BAT adaptation, RAN2 assumes that RAN node determines the BAT offset provided to CN, it may also take into account the BAT of the other UEs.
In particular for the implicit approach, e.g. by configuring quite dense SR resources or CG resources before the UL traffic starts for tracing the BAT offset, it has the following drawbacks.
1) It is still hard to guarantee the accuracy via this manner. Even the gNB can implicitly infer a rough UL BAT on a LCH basis via the received scheduling request (SR) from the UE as shown in the following Fig.1, we should note that once network missed the SR over certain SR periodicity(ies) due to e.g. channel fading, the low latency requirement, e.g. 2ms mentioned by SA2 in [6], may not be fulfilled as the performance for deriving UL BAT would be much degraded.
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Fig.1 Illustration of SR transmission
2) It may lead to resource inefficiency. As the clock frequency stabilities of the TSN clock and the 5GS clock may be different. Even though the UL BAT matches with the UL resource allocation initially, there would be misalignment after a period of time, which may lead to latency violation. In order to avoid the above misalignment, the RAN node may have to always use dense SR/CG resources allocation. Dense SR/CG resources allocation are usually resource inefficient. On the contrary, if the UE is able to report UL BAT, the network can easily track the misalignment through the reported UL BATs, which would result in much higher resource efficiency.

Observation 2: Using gNB implementation to derive the UL BAT have the drawbacks of resource inefficiency, and is also hard to guarantee the derivation accuracy.

On UE reporting BAT offset, this will incur additional complexity for the UE because the UE needs to know how to derive the BAT offset. The resource allocation by gNB is flexible and both network and UE shall have the same understanding on which resource allocation is used for deriving the BAT offset reported from the UE.  Some extra signaling overhead to guarantee this same understanding on resource allocation between gNB and UE may be needed. We think a better approach is for the UE to report the BAT instead of BAT offset to the gNB.
Proposal 3: RAN2 to introduce UE’s UL BAT reporting, to assist the RAN node to derive the UL BAT offset.
Another issue is the granularity of UL BAT reporting. In the legacy specs, the UL BAT in TSCAI is on QoS flow level, we suggest to reuse the same principle, i.e., the UL BAT reported by UE is also on QoS flow level, also RRC signalling for the UL BAT reporting can be e.g. UAI message. It should be noted that, in LTE, the UE can already report, via UAI message, the UL timing offset which indicates the estimated packet arrival timing in a UL logical channel. Such UAI message has the same meaning as the above discussed UL BAT.
Proposal 4: The UL BAT is reported on QoS flow level by the UE, e.g., via UAI message.
Based on clause 8.4 of SA specification [6], only the QoS flows with the "burst arrival time adaptation" indication in the TSCAI are required to report the BAT offset to 5GC. As gNB has full knowledge of all QoS flow(s), it is natural that RAN node can control the UE’s UL BAT reporting for specific QoS flows via RRC signalling, e.g. gNB can indicate for which QoS flow the UE should report the BAT.
Proposal 5: Network can control the UE’s UL BAT reporting for specific QoS flows, e.g., via RRC signalling.

3. Conclusion

In this contribution, we further discussed UL RAN reactive feedback for burst sending time adjustment how NG-RAN can determine, and we made the following observations and proposals:
Observation 1: The BAT offset is equivalent to the value by which the RAN node expects the application to advance or defer the burst generation time.

Observation 2: Using gNB implementation to derive the UL BAT have the drawbacks of resource inefficiency, and is also hard to guarantee the derivation accuracy.

Proposal 1: For UL reactive feedback for BAT adaptation, RAN2 assumes it is gNB to determine whether to initiate the BAT offset reporting procedure to CN.
Proposal 2: For UL reactive feedback for BAT adaptation, RAN2 assumes that RAN node determines the BAT offset provided to CN, it may also take into account the BAT of the other UE.
Proposal 3: RAN2 to introduce UE’s UL BAT reporting, to assist the RAN node to derive the UL BAT offset.
Proposal 4: The UL BAT is reported on QoS flow level by the UE, e.g., via UAI message.

Proposal 5: Network can control the UE’s UL BAT reporting for specific QoS flows, e.g.,  via RRC signalling.
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