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Abstract of the contribution: 
This document proposes a solution for Key Issue #6 based on an indication from NG-RAN to adjust the Burst Arrival Time to adapt the application flows to upstream and/or downstream scheduling in Uu reference point.   
Discussion

Key Issue #6 describes the following targets:
For this key issue, the following areas should be studied:

-
Need for application transmission schedule adaptation and the ability to meet extremely low PDB for a QoS Flow from the 5GS perspective for periodic traffic streams (based on feedback from RAN WGs).

-
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.

NOTE 1:
The key issue needs to consider also the downlink scheduling in N3 transport network as studied under the Key Issue #x: Interworking with TSN network deployed in the transport network. 

NOTE 2: 
Although the focus is on downstream scheduling, any optimization on upstream scheduling should not be precluded if similar enhancement as for downstream scheduling applies.
This document proposes a solution for Key Issue #6 based on Burst Arrival Time adjustment from NG-RAN. 
Proposal

Add the following text to TR 23.700-25.
*** BEGIN CHANGES ***
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6.0
Mapping of Solutions to Key Issues
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*** NEXT CHANGE (all text is new) ***
6.Y
Solution #Y: BAT adjustment during a QoS Flow setup or modification
6.Y.1
Introduction

This solution enables the 5GC to adapt applications to the downstream scheduling, and to upstream scheduling if necessary, in Uu reference point to meet really low latency (e.g. 2msecs) requirement. 
This solution makes the following assumptions:

-
NG-RAN can indicate an adjustment to the Burst Arrival Time (BAT offset) in a response to QoS Flow establishment or modification request.


-
The solution builds upon Solution X: 5GC acting as a CUC for CNC in TN; Solution X is used to configure the underlay network in the TN for the required traffic characteristics of the QoS Flow. This ensures that jitter in the transport network in DL direction can be reduced and thus the accuracy of the Burst Arrival Time for DL packets at the ingress of NG-RAN is improved. 

-
The same assumptions as in Solution X apply.

6.Y.2
Functional Description

The solution is based on the architecture in Figure 6.y.2-1:
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Figure 6.Y.2-1: Architecture to support adaptation to the upstream / downstream scheduling
- 
The solution supports deployments with and without external TSN network: 
a)
When integration with IEEE TSN applies: In addition what is described in Solution X, this solution provides Burst Arrival Time (BAT) offset for DL direction from NG-RAN via SMF and PCF to the TSN AF.  TSN AF can act as a CUC towards the CUC in external TSN network and provide the BAT offset as feedback to the external TSN network. The CUC then controls the CNC in external TSN network and adjusts the TSN streams accordingly. 

b)
When integration with IEEE TSN does not apply: In addition to what is described in Solution X, this solution provides Burst Arrival Time (BAT) offset for DL direction from NG-RAN via SMF and PCF to the AF.  The AF can then adjust the data streams accordingly by means that are out of scope of 3GPP. 

-
As described in Solution X, Transport Network deploys a CNC that can be controlled by a CUC residing in the 5GC via the procedures specified in IEEE 802.1Qjd [X]. In addition what is described in Solution X, this solution can provide an adjusted BAT for both UL and DL directions to the Transport Network, based on the feedback received from the NG-RAN.   
6.Y.3
Procedures
The figure 6.y.3-1 describes the overall procedure how QoS Flows are established with the solution.
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Figure 6.Y.3-1: Overview of the QoS Flow establishment
1. 
[No changes to Solution X]: PCF receives the Policy Authorization service request from the AF/NEF/TSCTSF. The PCF composes the PCC Rules as specified in Release 17. PCF includes the TSCAC in the request when it invokes the SMF.
2.
[No changes to Solution X]: SMF receives the PCC Rules from the PCF. The SMF binds the PCC rule to a QoS Flow. 
3.
[No changes to Solution X]: SMF indicates N4 rules for a QoS Flow to the UPF. The UPF assigns the CN tunnel endpoint address. The SMF determines a dynamic value for the CN PDB, based on the UPF and NG-RAN of the PDU Session.

4.
As described in Solution X, the SMF provides the QoS profile for the QoS Flow to the NG-RAN. The SMF signals the dynamic value for the CN PDB for the QoS Flow to NG-RAN. NG-RAN assigns the AN tunnel endpoint address. 

As described in Solution X, upon receiving the TSCAI for a QoS Flow from the SMF, if the TSCAI includes a BAT in UL direction, the RAN determines the corresponding BAT offset in UL direction at the gNB egress. The NG-RAN provides the value to the SMF in a response. As an enhancement to Solution X, when the NG-RAN provides the offset value to SMF, the NG-RAN may adjust the offset value based on the upstream scheduling in Uu reference point.

As an enhancement to Solution X, if the NG-RAN determines a need to adjust the Burst Arrival Time for DL direction to adapt the applications to the downstream scheduling in Uu reference point, NG-RAN includes a BAT offset for DL direction in the response to the SMF. 

BAT offset is relative to the BAT value in corresponding direction NG-RAN has received from the SMF in TSCAI. BAT offset can take positive or negative values.
5.
After the SMF has setup a QoS Flow between UPF and NG-RAN, if the NG-RAN indicated a BAT offset for UL or DL direction to the SMF, the SMF deducts the received BAT offset from the BAT in UL or DL direction, respectively, that the SMF has received in the TSCAI for the given QoS Flow, and indicates the resulted new BAT value(s) to the Transport Network using the procedure as described in Solution X. 

The SMF provides the BAT offset values in UL and DL direction (if available) to NEF/AF or TSN AF via PCF. When integration with IEEE TSN applies, TSN AF can act as a CUC towards the CUC in external TSN network and provide the BAT offset as feedback to the external TSN network. The CUC then controls the CNC in external TSN network and adjusts the TSN streams accordingly. 
Editor's note: Typically for TSN flows there would be already an external CUC. Whether CNC can handle two CUCs for the same flows is FFS. Whether CNC can replan TSN flows after they have started is FFS.

When integration with IEEE TSN does not apply, the BAT offset values are provided to the AF, and the AF can then adjust the data streams accordingly by means that are out of scope of 3GPP. 

6.Y.4
Impacts on services, entities and interfaces
The same impacts as in Solution X: 5GC acting as a CUC for CNC in TN. In addition, the following impacts are caused by this solution:
-
SMF:

-
If the NG-RAN indicates a BAT offset for UL or DL direction to the SMF in a response to the QoS Flow establishment or modification request, the SMF deducts the received BAT offset from the current BAT in UL or DL direction, respectively, in the TSCAI for the given QoS Flow, and indicates the resulted new BAT value(s) to the Transport Network using the procedure as described in Solution X. 
 

-
NG-RAN:
-
Determines a BAT offset in UL direction, based on the BAT in UL direction the NG-RAN receives from the SMF in TSCAI and the upstream scheduling in Uu reference point.
-
Determines a BAT offset in DL direction, based on the BAT in DL direction the NG-RAN receives from the SMF in TSCAI and the downstream scheduling in Uu reference point.
 -
Provides the BAT offset values to the SMF in a response to the QoS Flow establishment or modification request. 
*** END OF CHANGES ***
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2.  [As in Solution X]:  SMF receives the PCC Rules from PCF.
3.  [As in Solution X]:  SMF indicates N4 rules for the QoS Flow to the UPF.
1.  [As in Solution X]:  PCF determines the PCC Rules
4.  [As in Solution X]:  SMF provides the QoS profile for the QoS Flow to NG-RAN.
[Enhancement to Solution X]:  NG-RAN provides BAT offset values based on upstream/downstream scheduling
5.   [As in Solution X]:
SMF provides the traffic requirements for the QoS Flow to TN CNC via CUC.
[Enhancement to Solution X]:
SMF provides the BAT offset values to TSN AF / AF.



