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1	Introduction
At RAN3#119bis, RAN3 discussed RAN feedback for low latency communication based on the following WID objective [1]:
	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.



Some progress was achieved at RAN3#119bis as captured in the agreed NGAP TP in [2]. During the discussion, some companies expressed their view that reactive feedback for uplink streams should wait for RAN2 progress.
In order to continue to achieve progress on objective #3 of the WID, in this paper we focus on resolving the remaining open issues for proactive RAN feedback.
[bookmark: _Hlk527071819]2	Discussion
2.1	F1AP impacts of proactive RAN feedback
In proactive RAN feedback method, the gNB provides the feedback during PDU session resource setup/modification when the TSC QoS flow is being established, i.e. before the application starts transmitting periodic data bursts. The gNB determines the feedback based on TSC traffic characteristics and application adaptation capabilities, QoS profile of the TSC QoS flow and radio configuration. Radio configuration information that can be taken into account includes TDD configuration and scheduling.
The gNB itself can adapt to traffic pattern of application stream by means of scheduling and dynamic TDD, however radio configuration may impose constraints on when gNB’s adaptation mechanisms can be applied, main use case being a common TDD configuration.  Proactive feedback and feedback in general are supposed to be used to avoid burst arrival times which are beyond the adaptation capabilities of the gNB. 
The gNB-CU is aware of the TDD configuration, and it also configures uplink grants for type 1 CGs (Configured Scheduling). For the type 2 CGs and SPS (Semi Persistent Scheduling) the gNB-CU configures higher layer parameters to UE, but the DU activates/deactivates UL grants by L1 DCI signaling. The DCI signaling provides flexible and fast way to modify allocated resources, therefore it does need to be taken into account for proactive feedback determination.
Observation 1.	The gNB-CU has all applicable information for proactive feedback determination for both downlink and uplink.
Proposal 1:	gNB-CU determines proactive RAN feedback for UL and DL application streams. 
Currently, the TSC Assistance Information IE (Burst Arrival Time and Periodicity) can be sent to the gNB-DU in the UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages. If the gNB-CU determines RAN feedback in proactive method, the gNB-CU is able to derive the “new” BAT and periodicity from the BAT Window and Periodicity Range received in the TSCAI from the 5GC. Therefore, when constructing the TSC Assistance Information IE to be sent to the gNB-DU over F1AP, the existing IEs can be reused, but the gNB-CU includes the “new” BAT and periodicity values in the TSC Assistance Information IE sent to the gNB-DU.  
	Observation 2: Proactive feedback does not require any changes to F1AP messages. 
Proposal 2:	Proactive RAN feedback has no F1AP impacts. 

2.2	Impact of mobility on proactive RAN feedback
At RAN3#119bis, it was agreed to extend the TSC Assistance Information IE in NGAP as shown below:
	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 type
	
	0..1
	
	
	YES
	ignore

	>proactive
	
	
	
	
	
	

	>>Burst Arrival Time Window
	M
	
	9.3.1.z1
	
	-
	

	>>Periodicity Range
	O
	
	9.3.1.z2
	
	-
	

	>reactive
	
	
	
	
	
	

	>>Capability for BAT Adaptation
	M
	
	9.3.1.z3
	
	-
	



A similar change was also agreed for XnAP.  The TSC Assistance Information IE can be included in the HANDOVER REQUEST message for both NGAP and XnAP.
At RAN3#119bis, it was discussed whether proactive feedback should be allowed within the Handover Request Acknowledge Transfer IE of the HANDOVER REQUEST ACKNOWLEDGE message, and/or the Path Switch Request Transfer IE of the PATH SWITCH REQUEST message. We note that TS 23.501 defines proactive feedback as follows:
“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;”
Like the caption above indicates, in proactive RAN feedback the feedback is provided only in the session setup signaling before the application starts sending periodic data bursts, therefore the target gNB does not provide feedback after handover. The proactive RAN feedback is to be used when the application is not able to change its transmission schedule in the middle of the session. 
Observation 3: Enhancements for handover signaling for feedback provision in proactive feedback method is not needed for NGAP
As agreed at RAN3#119bis, the extended TSC Assistance Information IE can be included in multiple messages including the HANDOVER REQUEST message. When receiving the TSC Assistance Information IE in the HANDOVER REQUEST message, the target gNB shall ignore the BAT window and Periodicity Range if included. 
Proposal 3:	In NGAP, clarify (e.g. in semantics description) that target gNB shall ignore BAT Window and Periodicity Range IEs if received in a HANDOVER REQUEST message.
Proposal 4:	In XnAP, the BAT Window and Periodicity Range IEs are not needed in the TSC Assistance Information IE. 

2.3	Further encoding details
For proactive RAN feedback, the encoding of the BAT window and BAT offset is described in TS 23.501 as follows:
-	The BAT offset is calculated with reference to the BAT, and shall be within the BAT window.
-	The BAT offset can take a positive or a negative value.
-	If the BAT is acceptable for NG-RAN, the NG-RAN provides a BAT offset of zero
For reactive RAN feedback, the encoding of the BAT offset is described in TS 23.501 as follows:
-	NG-RAN determines BAT offset value in reference to the current arrival time of the bursts experienced by RAN in DL and by UE in UL.
The legacy Burst Arrival Time IE is encoded as defined in 9.3.1.133 of TS 38.413, with 1us granularity. Therefore, it should be possible to indicate a BAT offset and BAT window with 1us granularity. Regarding the maximum range, it seems reasonable to allow a BAT offset/window as large as the maximum periodicity value, i.e. 640000us.
This leads to the following encoding for the Burst Arrival Time Window IE and the Burst Arrival Time Offset IE:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Burst Arrival Time Window Start
	M
	
	INTEGER (0..640000, …)
	Start of the burst arrival time window calculated with reference to the Burst Arrival Time IE, expressed in units of 1 us. Integer values are negative.

	Burst Arrival Time Window End
	M
	
	INTEGER (0..640000, …)
	End of the burst arrival time window calculated with reference to the Burst Arrival Time IE, expressed in units of 1 us. Integer values are positive.



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

	Burst Arrival Time Offset Value
	M
	
	INTEGER (0..640000, …)
	Burst arrival time offset expressed in units of 1 us.

	Burst Arrival Time Offset Sign
	M
	
	ENUMERATED (positive, negative, …)
	Indicates whether the value of the Burst Arrival Time Offset Value IE is positive or negative.



According to TS 23.501, the BAT offset is calculated with reference to the Burst Arrival Time IE in case of proactive RAN feedback, and calculated with reference to the current arrival time of the bursts experienced by the RAN in DL and by the UE in UL in case of reactive RAN feedback.
Regarding the encoding of periodicity range, Table 5-27.2-1 in TS 23.501 states that it is “formulated as lower bound and upper bound of the Periodicity”.  Therefore, the Periodicity Range IE can be encoded as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Periodicity Lower Bound
	M
	
	Periodicity
9.3.1.132
	

	Periodicity Upper Bound
	M
	
	Periodicity
9.3.1.132
	



Regarding the encoding of adjusted periodicity, TS 23.501 states that it “shall be within the Periodicity Range”. Therefore, the Adjusted Periodicity IE can be encoded the same as the legacy Periodicity IE.
The Capability for BAT Adaptation IE is a simple indicator, and therefore can be encoded as ENUMERATED (true, …).
Proposal 5:	The burst arrival time window is encoded as a Burst Arrival Time Window Start IE and Burst Arrival Time Window End IE, expressed in units of 1us (i.e. same granularity as BAT) and range -640ms to 640ms. 
Proposal 6:	The Burst Arrival Time Offset IE is between -640ms to 640ms, with granularity of 1us. 
Proposal 7:	The periodicity range is encoded as a Periodicity Lower Bound IE and Periodicity Upper Bound IE, each reusing the same encoding as the existing Periodicity IE. 
Proposal 8:	The Adjusted Periodicity IE reuses the same encoding as the existing Periodicity IE. 
3	Conclusions
In this paper, we analyzed the remaining open issues for proactive RAN feedback and proposed the following:
Observation 1:	.
Proposal 1:	gNB-CU determines proactive RAN feedback for UL and DL application streams. 
Proposal 2:	Proactive RAN feedback has no F1AP impacts. 
Proposal 3:	In NGAP, clarify (e.g. in semantics description) that target gNB shall ignore BAT Window and Periodicity Range IEs if received in a HANDOVER REQUEST message.
Proposal 4:	In XnAP, the BAT Window and Periodicity Range IEs are not needed in the TSC Assistance Information IE. 
Proposal 5:	The burst arrival time window is encoded as a Burst Arrival Time Window Start IE and Burst Arrival Time Window End IE, expressed in units of 1us (i.e. same granularity as BAT) and range -640ms to 640ms. 
Proposal 6:	The Burst Arrival Time Offset IE is between -640ms to 640ms, with granularity of 1us. 
Proposal 7:	The periodicity range is encoded as a Periodicity Lower Bound IE and Periodicity Upper Bound IE, each reusing the same encoding as the existing Periodicity IE. 
Proposal 8:	The Adjusted Periodicity IE reuses the same encoding as the existing Periodicity IE. 
A TP for TS 38.413 is provided in Annex A.  In addition, a TP for TS 38.423 related to proposal 4 is provided in Annex B, which can be separated to a different tdoc if proposal 4 is agreeable.
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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 type
	
	0..1
	
	
	YES
	ignore

	>proactive
	
	
	
	Not applicable to the HANDOVER REQUEST message
	
	

	>>Burst Arrival Time Window
	M
	
	9.3.1.z1
	
	-
	

	>>Periodicity Range
	O
	
	9.3.1.z2
	
	-
	

	>reactive
	
	
	
	
	
	

	>>Capability for BAT Adaptation
	M
	
	ENUMERATED (true, …)
	
	-
	



next modification
9.3.1.z1	Burst Arrival Time Window
This IE indicates the burst arrival time window of the TSC QoS flow as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Burst Arrival Time Window Start
	M
	
	INTEGER (0..640000, …)
	Start of the burst arrival time window calculated with reference to the Burst Arrival Time IE, expressed in units of 1 us. Integer values are negative.

	Burst Arrival Time Window End
	M
	
	INTEGER (0..640000, …)
	End of the burst arrival time window calculated with reference to the Burst Arrival Time IE, expressed in units of 1 us. Integer values are positive.



9.3.1.z2	Periodicity Range
This IE indicates the periodicity range for the TSC QoS flow as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Periodicity Lower Bound
	M
	
	Periodicity
9.3.1.132
	

	Periodicity Upper Bound
	M
	
	Periodicity
9.3.1.132
	





	
	
	
	
	

	
	
	
	
	



9.3.1.z4	TSC Traffic Characteristics Feedback
This IE provides the TSC traffic characteristics feedback of a TSC QoS flow (see TS 23.501 [9]. 
Editor’s Note: Whether uplink is supported for reactive feedback is FFS pending RAN2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TSC Feedback Information Downlink
	O
	
	TSC Feedback Information
9.3.1.z5
	

	TSC Feedback Information Uplink [FFS]
	O
	
	TSC Feedback Information
9.3.1.z5
	



9.3.1.z5	TSC Feedback Information
This IE provides the TSC feedback 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

	Burst Arrival Time Offset
	M
	
	9.3.1.z6
	

	Adjusted Periodicity
	O
	
	Periodicity
9.3.1.132
	Not applicable to reactive RAN feedback.



9.3.1.z6	Burst Arrival Time Offset
This IE provides the burst arrival time offset calculated as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Burst Arrival Time Offset Value
	M
	
	INTEGER (0..640000, …)
	Burst arrival time offset expressed in units of 1 us.

	Burst Arrival Time Offset Sign
	M
	
	ENUMERATED (positive, negative, …)
	Indicates whether the value of the Burst Arrival Time Offset Value IE is positive or negative.



end of modifications
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This IE provides the TSC assistance information for a TSC QoS flow in the uplink or downlink (see TS 23.501 [7]). 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Periodicity
	M
	
	9.2.3.116
	Periodicity as specified in TS 23.501 [7].
	–
	

	Burst Arrival Time
	O
	
	9.2.3.117
	Burst Arrival Time as specified in TS 23.501 [7].
	–
	

	Survival Time
	O
	
	9.2.3.152
	
	YES
	ignore

	Capability for BAT Adaptation
	O
	
	ENUMERATED (true, …)
	
	YES
	ignore

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



next modification


	
	
	
	
	

	
	
	
	
	





	
	
	
	
	

	
	
	
	
	



end of modifications

