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Introduction

There is a new RAN3-led work item on time synchronization approved in the last RAN plenary. This paper provides some discussion on the following two objectives in the WID.

	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.


Since the UL BAT offset is depended on RAN2 discussion and RAN2 still has no confirmed conclusion it, this paper only focuses on RAN feedback for DL scheduling.
Discussion
TSC Assistance Information
As specified in 23.501[1], If the NG-RAN receives a Burst Arrival Time and a Burst Arrival Time Window in the TSCAI for a QoS Flow, NG-RAN can determine a BAT offset to assist with the downstream scheduling.

As for the TSCAI, which is transferred by the AMF in the PDU Session Resource Setup Request/Modify message, the IE tabular in 38.413[2] is captured as below:
9.3.1.131
TSC Assistance Information

This IE provides the TSC assistance information for a TSC QoS flow in the uplink or downlink (see TS 23.501 [9]). 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Periodicity
	M
	
	9.3.1.132
	
	-
	

	Burst Arrival Time
	O
	
	9.3.1.133
	
	-
	

	Survival Time
	O
	
	9.3.1.221
	
	YES
	ignore


However, after SA2 discussion in previous meetings, there are more elements introduced in TSCAI, as listed in the table below, which is copied from the latest version of 23.501[1].
Table 5.27.2-1: TSC Assistance Information (TSCAI)

	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two data bursts.

	Burst Arrival Time (optional)
	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 of the UE (uplink flow direction).

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], refers to the time period an application can survive without any data burst.

	Burst Arrival Time Window (BAT Window) (optional)

(NOTE 1) (NOTE 2)
	Indicates the acceptable earliest and latest arrival time of the first packet of the data burst at either the ingress of the RAN (downlink flow direction) or the egress of the UE (uplink flow direction).

	Capability for BAT adaptation (optional) (NOTE 1)
	Indicates that the AF will adjust the burst sending time according to the network provided Burst Arrival Time offset (see clause 5.27.2.5).

	N6 Jitter Information (optional)

(NOTE 3)
	Jitter information associated with the Periodicity in downlink (see clause 5.378.1).

	Periodicity Range (optional) (NOTE 4)
	It indicates that the AF will adjust the periodicity and provides the acceptable range, formulated as lower bound and upper bound of the Periodicity.

	NOTE 1:
Only one of the parameters (BAT Window or Capability for BAT adaptation) can be provided.

NOTE 2:
The parameter can only be provided together with Burst Arrival Time.

NOTE 3:
Only one of the parameters Burst Arrival Time or N6 Jitter Information may be provided for a given Traffic Flow.

NOTE 4:
The Periodicity Range can only be provided together with Periodicity when Burst Arrival Time and Burst Arrival Time Window are present.


According to the latest CR of SA2 for TSCAI, Burst Arrival Time Window, Capability for BAT adaption, N6 Jitter Information and Periodicity Range should be added into the TSC Assistance information IE in NGAP, so that it could be aligned with SA2. Among the new information items, the N6 Jitter information is purposed to help with UE power saving, which is out of the scope of this Work Item. So we suppose that N6 Jitter Information should not be discussed in this WI. For the other information in the TSC Assistance Information, we think they can be discussed in this WI for NGAP signaling enhancement.
Proposal 1: Discuss whether Burst Arrival Time Window, Capability for BAT adaption and Periodicity Range should be added into the TSC Assistance information IE in NGAP.

Regarding the presence of these IEs, it can be considered together with the mechanism of proactive and reactive feedback. As mentioned in NOTE1, for BAT Window and Capability for BAT adaptation, only one of them can be provided. This is because BAT window can only provided with BAT to indicate a proactive RAN feedback, while the Capability for BAT adaption is provided without BAT to indicate a reactive RAN feedback, where the logic here determines that the BAT Window and Capability for BAT adaptation cannot exist simultaneously in one TSCAI.
For periodicity Range, as said in NOTE4, it can only be provided together with periodicty when BAT and BAT window are present. This is because periodicity range is indicated for RAN to provide an adjusted periodicity in the case of proactive BAT feedback.

With the above discussion, we have the following proposal:
Proposal 2: For the new IEs in TSC Assistance Information over NGAP:

- Introduce a optional choice structure for Burst Arrival Time Window and Capability for BAT adaptation into.
- Introduce Periodicity Range as an optional IE.

RAN feedback 
The following part captured the description on the mechanism of RAN feedback for downlink scheduling, which is copied from the latest version of 23.501[].
	NG-RAN may support the following feedback mechanisms:

-
Proactive RAN feedback for adaptation of Burst Arrival Time and Periodicity: NG-RAN may provide a Burst Arrival Time offset and an adjusted Periodicity 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.


Proactive Feedback

According to the latest specification of SA2 CR[] to 23.501 (clause 5.27.2.5.2), proactive RAN feedback can be enabled when there is a Burst Arrival Time and a Burst Arrival Time Window received in the TSCAI. In this case, the RAN can determine a BAT offset to align the expected arrival of the traffic bursts with the time when the next transmission. 

When there is a Periodicity Range along with the Periodicity in the TSCAI for a QoS flow, the RAN can determine an adjusted periodicity to align the periodicity of the traffic bursts with the expected time interval between subsequent transmission opportunities. 

With the above mechanism, the BAT offset and adjusted periodicity should be added as optional IEs in the NGAP messages for QoS flow establishment/modification, i.e., the PDU Session Resource Setup Response Transfer IE in PDU SESSION RESOURCE SETUP RESPONSE message, and PDU Session Resource Modify Response Transfer IE in PDU SESSION RESOURCE MODIFY RESPONSE message. 
Proposal 3: For proactive RAN feedback, include BAT offset and adjusted periodicity as optional IEs in:

- the PDU Session Resource Setup Response Transfer IE of PDU SESSION RESOURCE SETUP RESPONSE message.
- the PDU Session Resource Modify Response Transfer IE of PDU SESSION RESOURCE MODIFY RESPONSE message. 
Reactive Feedback

According to the latest specification of SA2 CR to 23.501 (clause 5.27.2.5.3), reactive RAN feedback can be enabled when there is capability for BAT adaptation without a Burst Arrival Time in the TSCAI. As also mentioned in 5.27.2.5.3,The BAT offset is provided from NG-RAN to the SMF when sending the notification towards the SMF that the "GFBR can no longer be guaranteed", which targets to the NGAP message ‘PDU SESSION RESOURCE NOTIFY’. Similar to the proactive feedback, the information should also be included in a transparent container, i.e. PDU Session Resource Notify Transfer, over NG and be forwarded to SMF.
Proposal 4: For reactive RAN feedback, include the BAT offset in the PDU Session Resource Notify Transfer IE of PDU session resource notify message.
Conclusion

Proposal 1: Discuss whether Burst Arrival Time Window, Capability for BAT adaption and Periodicity Range should be added into the TSC Assistance information IE in NGAP.

Proposal 2: For the new IEs in TSC Assistance Information over NGAP:

- Introduce a optional choice structure for Burst Arrival Time Window and Capability for BAT adaptation into.
- Introduce Periodicity Range as an optional IE.

Proposal 3: For proactive RAN feedback, include BAT offset and adjusted periodicity as optional IEs in:

- the PDU Session Resource Setup Response Transfer IE of PDU SESSION RESOURCE SETUP RESPONSE message.
- the PDU Session Resource Modify Response Transfer IE of PDU SESSION RESOURCE MODIFY RESPONSE message. 
Proposal 4: For reactive RAN feedback, include the BAT offset in the PDU Session Resource Notify Transfer IE of PDU session resource notify message.
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Annex: TP to BL CR of 38.413
Changes Start
9.3.1.131
TSC Assistance Information

This IE provides the TSC assistance information for a TSC QoS flow in the uplink or downlink (see TS 23.501 [9]). 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Periodicity
	M
	
	9.3.1.132
	
	-
	

	Burst Arrival Time
	O
	
	9.3.1.133
	
	-
	

	Survival Time
	O
	
	9.3.1.221
	
	YES
	ignore

	CHOICE RAN Feedback(FFS)
	M
	
	
	
	
	

	> Proactive Feedback
	
	
	
	
	
	

	 >> Burst Arrival Time Window
	O
	
	FFS
	
	-
	

	> Reactive Feedback
	
	
	
	
	
	

	 >> Capability for BAT adaption
	O
	
	FFS
	
	-
	

	Periodicity Range(FFS)
	O
	
	FFS
	
	-
	


Next Change
9.3.4.2
PDU Session Resource Setup Response Transfer

This IE is transparent to the AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DL QoS Flow per TNL Information
	M
	
	QoS Flow per TNL Information

9.3.2.8
	NG-RAN node endpoint of the NG-U transport bearer for delivery of DL PDUs, together with associated QoS flows.
	-
	

	Additional DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information List
9.3.2.1
	NG-RAN node endpoint of the additional NG-U transport bearer(s) for delivery of DL PDUs for split PDU session, together with associated QoS flows and corresponding to the Additional UL NG-U UP TNL Information IE in the PDU Session Resource Setup Request Transfer IE.
	-
	

	Security Result
	O
	
	9.3.1.59
	
	-
	

	QoS Flow Failed to Setup List
	O
	
	QoS Flow List with Cause

9.3.1.13
	
	-
	

	Redundant DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information

9.3.2.8
	NG-RAN node endpoint of the NG-U transport bearer(s) for delivery of DL PDUs of the indicated Redundant QoS Flow(s) and corresponding to the Redundant UL NG-U UP TNL Information IE in the PDU Session Resource Setup Request Transfer IE.
	YES
	ignore

	Additional Redundant DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information List

9.3.2.1
	NG-RAN node endpoint of the additional NG-U transport bearer(s) for delivery of redundant DL PDUs for split PDU session, together with associated QoS flows and corresponding to the Additional Redundant UL NG-U UP TNL Information IE in the PDU Session Resource Setup Request Transfer IE.
	YES
	ignore

	Used RSN Information
	O
	
	Redundant PDU Session Information

9.3.1.136
	
	YES
	ignore

	Global RAN Node ID of Secondary NG-RAN Node
	O
	
	Global RAN Node ID
9.3.1.5
	
	YES
	ignore

	MBS Support Indicator
	O
	
	9.3.1.210
	
	YES
	ignore

	MBS Session Setup Response List
	O
	
	9.3.1.213
	
	YES
	ignore

	MBS Session Failed to Setup List
	O
	
	9.3.1.214
	
	YES
	ignore

	DL BAT offset (FFS)
	O
	
	FFS
	
	
	

	Adjusted Periodicity(FFS)
	O
	
	FFS
	
	
	


Next Change
9.3.4.4
PDU Session Resource Modify Response Transfer

This IE is transparent to the AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DL NG-U UP TNL Information
	O
	
	UP Transport Layer Information

9.3.2.2
	NG-RAN node endpoint of the NG-U transport bearer, for delivery of DL PDUs.
	-
	

	UL NG-U UP TNL Information
	O
	
	UP Transport Layer Information

9.3.2.2
	Identifies the NG-U transport bearer at the 5GC node.
	-
	

	QoS Flow Add or Modify Response List
	
	0..1
	
	
	-
	

	>QoS Flow Add or Modify Response Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>Current QoS Parameters Set Index
	O
	
	Alternative QoS Parameters Set Index
9.3.1.152
	Index to the currently fulfilled alternative QoS parameters set
	YES
	Ignore

	Additional DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information List
9.3.2.1
	NG-RAN node endpoint of the additional NG-U transport bearer(s) for delivery of DL PDUs for split PDU session, together with associated QoS flows.
	-
	

	QoS Flow Failed to Add or Modify List
	O
	
	QoS Flow List with Cause

9.3.1.13
	
	-
	

	Additional NG-U UP TNL Information
	O
	
	UP Transport Layer Information Pair List

9.3.2.11
	NG-RAN node endpoint of the NG-U transport bearer corresponding to the modified UPF endpoint received in the PDU Session Resource Modify Request Transfer IE in case of PDU session split. 
	YES
	ignore

	Redundant DL NG-U UP TNL Information 
	O
	
	UP Transport Layer Information

9.3.2.2
	NG-RAN node endpoint of the NG-U transport bearer, for delivery of DL PDUs for the redundant transmission.
	YES
	ignore

	Redundant UL NG-U UP TNL Information 
	O
	
	UP Transport Layer Information

9.3.2.2
	Identifies the NG-U transport bearer at the 5GC node for the redundant transmission.
	YES
	ignore

	Additional Redundant DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information List
9.3.2.1
	NG-RAN node endpoint of the additional NG-U transport bearer(s) for delivery of redundant DL PDUs for split PDU session, together with associated QoS flows.
	YES
	ignore

	Additional Redundant NG-U UP TNL Information
	O
	
	UP Transport Layer Information Pair List

9.3.2.11
	NG-RAN node endpoint of the NG-U transport bearer for delivery of redundant DL PDUs corresponding to the modified UPF endpoint(s) received in the UL NG-U UP TNL Modify List IE of the PDU Session Resource Modify Request Transfer IE in case of PDU session split. 
	YES
	ignore

	Secondary RAT Usage Information
	O
	
	9.3.1.114
	
	YES
	ignore

	MBS Support Indicator
	O
	
	9.3.1.210
	
	YES
	ignore

	MBS Session Setup or Modify Response List
	O
	
	MBS Session Setup Response List 

9.3.1.213
	
	YES
	ignore

	MBS Session Failed to Setup or Modify List
	O
	
	MBS Session Failed to Setup List 

9.3.1.214
	
	YES
	ignore

	DL BAT offset (FFS)
	O
	
	FFS
	
	
	

	Adjusted Periodicity (FFS)
	O
	
	FFS
	
	
	


	Range bound
	Explanation

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.


Next Change
9.3.4.5
PDU Session Resource Notify Transfer

This IE is transparent to the AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	QoS Flow Notify List
	
	0..1
	
	
	-
	

	>QoS Flow Notify Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>Notification Cause
	M
	
	ENUMERATED (fullfilled, not fulfilled, …)
	
	-
	

	>>Current QoS Parameters Set Index
	O
	
	Alternative QoS Parameters Set Notify Index

9.3.1.153
	Index to the currently fulfilled alternative QoS parameters set. Value 0 indicates that NG-RAN cannot even fulfil the lowest alternative parameters set.
	YES
	Ignore

	QoS Flow Released List 
	O
	
	QoS Flow List with Cause

9.3.1.13
	
	-
	

	Secondary RAT Usage Information
	O
	
	9.3.1.114
	
	YES
	ignore

	QoS Flow Feedback List
	
	0..1
	
	
	YES
	ignore

	>QoS Flow Feedback Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>Update Feedback 
	O
	
	BIT STRING {

CN PDB DL(0),

CN PDB UL(1)}

(SIZE(8, …))
	Each position in the bitmap represents a QoS parameter. 

If a bit is set to "1", the respective parameter was not updated.

If a bit is set to "0", the respective parameter was successfully updated.

Bits 2-7 reserved for future use.
	-
	

	>>CN Packet Delay Budget Downlink
	O
	
	Extended Packet Delay Budget

9.3.1.135
	Indicates when the packet delay budget downlink was not updated in path switch that NG-RAN can offer this value
	-
	

	>>CN Packet Delay Budget Uplink
	O
	
	Extended Packet Delay Budget

9.3.1.135
	Indicates when the packet delay budget uplink was not updated in path switch that NG-RAN can offer this value
	-
	

	DL BAT offset
	O
	
	FFS
	
	
	


	Range bound
	Explanation

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.


End of Changes

