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Abstract: This paper introduces a new Solution on RAN feedback for low latency 
1. Introduction/Discussion
This paper introduces a new Solution on KI#6, i.e. How to enable the RAN to provide feedback to application for low latency communication (e.g. for application to consider DL packet transmission time slots to avoid buffering in the RAN) for this purpose.
Currently, the AF/TSCTSF could send TSCAC to the 5GS and RAN will get TSCAI accordingly. When NG-RAN receives the TSCAI, NG-RAN may determine a Semi-Persistent Scheduling scheme according to the TSCAI and the PDB. The BAT in the TSCAI means the latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress interface of the UE (uplink flow direction). When N3 interface is deterministic, it will be the exact arrival time. But it is still a predictable arrive time even if there is some jitter in N3 interface. When the BAT in the TSCAI is not matched with determined scheduling time in the RAN, it will introduce more waiting time for scheduling. So it is proposed that RAN could provide the feedback based on the BAT of the traffic. In some cases, the application may have its own logic and cannot adjust the sending time freely. It is proposed to add accepted time window/BAT in the AF request as optional input.    
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-25, v0.1.0.
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* * * * Second change * * * *All new
6.x  Solution: Cross layer scheduling optimization based on RAN feedback
6.x.1 Introduction
This solution enables the RAN to provide time offset feedback to AF for low latency communication, and the solution addresses the following scenarios:
· adapting application transmission schedule in DL based on RAN feedback for low latency.

6.x.2 Functional Description
The AF provides the traffic characteristics information to the TSCTSF. The TSCTSF constructs a TSC Assistance Container (including flow direction, periodicity and Burst Arrival Time) for an application and provides it to PCF. Optionally, the AF provides Alternative Burst Arrival Time (BAT)s or time windows showing the accepted sending time of the traffic (by the AF). The TSCTSF provides alternative BATs or time windows in the TSC Assistance Container to the PCF based on the AF request if so.
NOTE x: This solution assumes that 5GS and AF are time synchronized. 
The SMF determines the TSCAI for the QoS Flow based on the TSC Assistance Container of the PCC rule bound to the QoS Flow as described in clause 5.27.2.4 of TS 23.501 [2]. Alternative BATs or time windows should be mapped from an external clock to the 5G clock based on the same principle.
When NG-RAN receives the TSCAI, NG-RAN determines a Semi-Persistent Scheduling scheme according to the TSCAI and the PDB. To maximize the time for transmission/re-transmission over the air interface and to minimize the scheduling time (within the PDB available for the QoS Flow), the NG-RAN may calculate the offset time between the Burst Arrival Time and the determined scheduling time. 
[bookmark: _GoBack]NOTE y: It is assumed the connection between RAN and UPF is deterministic, e.g. via optical fiber directly or the transport network is deterministic. Thus, the BAT in TSCAI can be the exact time.
For example, the adjusted packet for DL traffic based on the offset should arrive at a time slot before and closest to the determined scheduling time slot so that it could be transferred immediately. The RAN may provide the expected BAT directly, e.g. when there are Alternative BATs or time windows in the TSCAI, the NG-RAN may select the BAT within the Alternative BATs or time windows, the NG-RAN may select the Alternative BAT or time windows which is before and closest to the determined scheduling time.
NG-RAN forwards the offset time or expected BAT to the SMF. SMF will send it back to the AF via PCF/TSCTSF/NEF. If NG-RAN provides expected BAT to the SMF, the SMF should map it from the 5G clock to the external clock based on the time offset and cumulative rateRatio (when available) between external time and 5GS time as measured and reported by the UPF.
AF receives the offset time or expected BAT and notifies the application to adapt the DL transmission schedule to it.
The AF updates the TSCTSF with the new BAT. The TSCTSF updates the TSCAC based on the AF update.
NOTE: this solution could also be used for UL as BAT could be used for both UL and DL.
6.x.3 Procedures
 Figure 6.x.3-1 describe the procedure for this solution:


Figure 6.x.3-1: Procedure for Cross layer scheduling optimization based on RAN feedback
1. AF/TSCTSF provides TSCAC to the SMF as described in clause 5.27.2 of TS 23.501 [2]. Optionally, the TSCTSF provides alternative BATs or time windows in the TSC Assistance Container to the PCF based on the AF request. 
2. The determines the TSCAI for the QoS Flow based on the TSC Assistance Container of the PCC rule (including alternative BATs or time windows) bound to the QoS Flow as described in clause 5.27.2.4 of TS 23.501 [2]. 
3. The SMF transfer the TSCAI generated in step 2 to the RAN.
4-5. NG-RAN provides the feedback as described in clause 6.x.2.
6-7. The SMF maps the feedback from the 5G clock to the external clock based on the time offset and cumulative rateRatio (when available).
8. The AF receives the offset time or expected BAT and notifies the application to adapt the DL transmission schedule to it. The AF updates the TSCTSF with the new BAT. The TSCTSF updates the TSCAC based on the AF update and may initiate step 1 with the new BAT. 
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NG-RAN: 
· supports of time offset/expected BAT calculating and reporting
AF:  
· receiving time offset/expected BAT
· providing Alternative BAT 
· notifying the applications to adapt the DL transmission schedule to it
SMF: 
· mapping the expected BAT/Alternative BAT between external clock and the 5G clock
· support of signaling time offset/expected BAT/Alternative BAT
PCF/TSCTSF/NEF 
· support of signaling time offset/expected BAT/Alternative BAT 
* * * * End of changes * * * *
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