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1		Introduction
In RAN#99 meeting, the WID[1] for NR Timing Resiliency and URLLC enhancements is approved. The objection is as below:
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]:
[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.
SA2 is working on the TRS_URLLC feature. There are totally 6 key issues is studied, and solutions identified for these key issues. In these solutions for key issues, the solutions for the below three key issues impact RAN part:  
Key Issue #1: 5GS network timing synchronization status and reporting
Key Issue #5: Interworking with TSN network deployed in the transport network
Key Issue #6: Adapting downstream scheduling based on RAN feedback for low latency communication
Against the three key issues, RAN agrees above three objectives in the RAN WID. This contribution will discuss the objective 3 and provide the proposals
[bookmark: _Toc449541143]2		Discussion
SA2 introduced enhancement for URLLC communication in R18, adapting downstream and upstream scheduling based on RAN feedback. The principle is captured as below in the TR 23.700-25[2]
The following bullet points summarize the principles for the way forward:
-	Proactive feedback requires that 5GS and the AF receive time information from the same master clock. Since this assumption cannot hold in all deployments, both pro-active and reactive feedback mode shall be supported. The feedback is in order to align the burst arrive time and the next transmission opportunity on the respective direction (i.e. both UL and DL) of the traffic to reduce the potential buffering delay.
-	When the AF gets the feedback for BAT (in both modes), the AF adjusts the burst sending time accordingly.
-	When the AF gets the periodicity feedback (in proactive mode), the AF adjusts the periodicity accordingly.
NOTE:	For both UL and DL direction, the AF adjusts the burst sending time and periodicity by using application layer mechanism, e.g. to notify the application in device side.
-	The AF provides adaptation capability information of the application to 5GS as described below.
Based on the principle, the AF will provide some new TSC Assistance Information (TSCAI) highlight with red color to 5GS as the below table in 23.501. And the SMF may send the TSCAI to the NG-RAN via AMF.
Table 5.27.2-2: TSC Assistance Container (TSCAC)
	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 time when the first packet of the data burst arrives at the ingress port of 5GS for a given flow direction (DS-TT for uplink, NW-TT for downlink).

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

	Time Domain (optional)
	The (g)PTP domain of the TSC flow.

	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 the ingress port of 5GS for a given flow direction (DS-TT for uplink, NW-TT for downlink).

	Capability for BAT adaptation (optional) (NOTE 1)
	It 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).

	Periodicity Range (optional) (NOTE 3)
	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:	The Periodicity Range can only be provided together with Periodicity when Burst Arrival Time and Burst Arrival Time Window are present.



In current NGAP specification TS 38.413, the TSC Assistance Information already includes some information specified in the previous release as below. We may simply add the new parameters in the table as highlight as yellow background. 
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

	Burst Arrival Time Window 
	
	
	
	
	
	

	Capability for BAT adaptation 
	
	
	
	
	
	

	Periodicity Range 
	
	
	
	
	
	



Proposal 1: Add Burst Arrival Time Window, Capability for BAT adaptation and Periodicity Range in TSC Assistance Information IE in NGAP
Based on the information indication, RAN may provide Proactive feedback for adaptation of Burst Arrival Time and Periodicity or Reactive for Burst Arrival Time. The detail captured in 23.501[2] section 5.27.2.5.
--excerpt from 23.501
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.
If the NG-RAN receives a TSCAI containing a Periodicity Range for a QoS Flow, the NG-RAN can determine an adjusted Periodicity along with above specified BAT offset, in order to align the periodicity of the traffic bursts with the expected time interval between subsequent transmission opportunities over the air interface in each direction (i.e. DL or UL).
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.
--end of excerpt from 23.501
From above description, NG-RAN will send the adjustments of the Burst Arrival Time and Periodicity. The offset value should be sent to AMF and forwarded by CN to AF for the Adapting. The TSCAI information is provided by SMF when QoS flow setup or modification, for Proactive RAN feedback, the Burst Arrival Time offset and an adjusted Periodicity should be provide by NG-RAN in the response of setup and modification. So these parameters can be added in the QoS flow information. 
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This IE indicates the list of QoS flows associated with e.g. a DRB or UP TNL endpoint.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Associated QoS Flow Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>QoS Flow Mapping Indication
	O
	
	ENUMERATED (ul, dl, …)
	
	-
	

	>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

	>TSC feedback information Uplink
	
	
	
	
	
	

	>> Burst Arrival Time offset
	
	
	
	
	
	

	>>adjusted periodicity
	
	
	
	
	
	

	>TSC feedback information Downlink
	
	
	
	
	
	

	>> Burst Arrival Time offset
	
	
	
	
	
	

	>>adjusted periodicity
	
	
	
	
	
	



Proposal 2: Add Burst Arrival Time offset and an adjusted Periodicity in Associated QoS Flow List IE in NGAP
When QoS flow setup or modification, if the RAN receives the capability for BAT adaptation without a Burst Arrival Time in the TSCAI, the Reactive RAN feedback is used. And the notification control procedure is used for the feedback if notification control is enabled for this QoS Flow. 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" described in clause 5.7.2.4. 
So the Burst Arrival Time offset should be included in the message PDU SESSION RESOURCE NOTIFY. The detail encoding may like as below in QoS Flow Notify Item within PDU Session Resource Notify Transfer:  
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This IE is transparent to the AMF.
	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

	>> Burst Arrival Time offset Downlink
	O
	
	
	
	
	

	>> Burst Arrival Time offset Uplink(FFS)
	O
	
	
	
	
	

	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
	
	-
	

	-----
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



For uplink, RAN2 is discussing whether support it. So we can keep it as FFS and wait for RAN2 progress.
Proposal 3: Add Burst Arrival Time offset and in PDU Session Resource Notify Transfer IE within PDU SESSION RESOURCE NOTIFY message in NGAP 
Regarding the value selection of these new parameters, SA2 have some description but it is enough for RAN3 define the value range. We should ask SA2 and CT1 provide the selection rules
Proposal 4: Ask SA2 and CT1 to provide guidance for the value selection of the new parameters
3		Conclusion
In the present contribution we make the following observations and proposal:
Proposal 1: Add Burst Arrival Time Window, Capability for BAT adaptation and Periodicity Range in TSC Assistance Information IE in NGAP
Proposal 2: Add Burst Arrival Time offset and an adjusted Periodicity in Associated QoS Flow List IE in NGAP
Proposal 3: Add Burst Arrival Time offset and in PDU Session Resource Notify Transfer IE within PDU SESSION RESOURCE NOTIFY message in NGAP 
Proposal 4: Ask SA2 and CT1 to provide guidance for the value selection of the new parameters
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