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Introduction
The new WID of NR Industrial Internet of Things (IoT) was approved in RAN#83[1]. In which, one objective is to support TSC related enhancement, as below:
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3． The detailed objectives for NR TSC-related enhancements include:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


In this contribution, we will discuss the TSC-related enhancements issues impacts on RAN3.
Discussion
Based on the RAN2 Ls[2], SA2 has agreed has agreed to introduce TSC Assistance Information (TSCAI) to support TSC Deterministic QoS, which has been specified by SA2 as follows[3]:
	[bookmark: _Toc11137134][bookmark: _Toc11137135]5.27.1a	Periodic deterministic QoS
This feature allows the 5GS to support periodic deterministic communication where the traffic characteristics are known a-priori, and a schedule for transmission from the UE to a downstream node, or from the UPF to an upstream node is provided via external protocols outside the scope of 3GPP (e.g. IEEE TSN). The features include the following:
-	Providing TSC Assistance Information (TSCAI) that describe TSC flow traffic patterns at the gNB ingress and UE egress interfaces for traffic in downlink and uplink direction, respectively;
-	Support for hold & forward buffering mechanism in DS-TT and NW-TT to de-jitter flows that have traversed the 5G System.
5.27.2	TSC Assistance Information (TSCAI)
TSC assistance information describes TSC traffic characteristics for use in the 5G System. The knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule periodic, deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. TSC assistance information, as defined in Table 5.27.2-1, is provided from SMF to 5G-AN, e.g. upon QoS flow establishment. The TSCAI parameters are set according to corresponding parameters obtained from the AF. The maximum value of TSC Burst Size should be mapped to a 5QI with MDBV that is equal or higher. For TSC QoS flows, MDBV (described in clause 5.7.3.7) is set to the Maximum Burst Size of the aggregated TSC streams to be allocated to this QoS flow. If the AF does not provide a TSC Burst Size for aggregated TSC streams, then the MDBV is set to the default value for the TSC 5QI of the corresponding traffic class.
The determination of the TSCAI by the SMF is based on information received from the TSN AF. The Burst Arrival Time component of the TSCAI that is signalled to the 5G-AN is specified with respect to the 5G clock. The SMF is responsible for mapping the Burst Arrival Time from a TSN clock (that the TSN stream is based on) to the 5G clock.
In the case of drift between TSN time and 5G time, the UPF updates the offset to SMF. The SMF may then trigger a PDU session modification as defined in TS 23.502 [3] clause 4.3.3 in order to update the TSCAI parameter to the NG-RAN without requiring AN specific signalling exchange with the UE.
Table 5.27.2-1: TSC Assistance Information
	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 bursts.

	Burst Arrival time
	The arrival time of the data burst at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).





Taken into account that the TSC assistance information is mainly used for gNB to schedule the radio resource, e.g by Configured Grants or Semi-Persistent Scheduling, and is provided from SMF to 5G-AN, e.g. upon QoS flow establishment [3], it can be seemed as one type of QoS parameters and be sent associated with the QoS Flow Level QoS Parameters.
Observation 1: TSC assistance information is one type of QoS parameters, and can be sent associated with the QoS Flow Level QoS Parameters.
Based on the current RAN3 specification[4][5][6][7], one Qos Flow may include both downlink and uplink service, e.g. GBR QoS Flow Information can include both uplink MBR/GBR/MPLRD and downlink MBR/GBR/MPLRD simultaneously as follows:
	GBR QoS Flow Information
This IE indicates QoS parameters for a GBR QoS flow for downlink and uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Maximum Flow Bit Rate Downlink
	M
	
	Bit Rate
9.3.1.4
	Maximum Bit Rate in DL. Details in TS 23.501 [9].

	Maximum Flow Bit Rate Uplink
	M
	
	Bit Rate
9.3.1.4
	Maximum Bit Rate in UL. Details in TS 23.501 [9].

	Guaranteed Flow Bit Rate Downlink
	M
	
	Bit Rate
9.3.1.4
	Guaranteed Bit Rate (provided there is data to deliver) in DL. Details in TS 23.501 [9].

	Guaranteed Flow Bit Rate Uplink
	M
	
	Bit Rate
9.3.1.4
	Guaranteed Bit Rate (provided there is data to deliver). Details in TS 23.501 [9].

	Notification Control
	O
	
	ENUMERATED (notification requested, ...) 
	Details in TS 23.501 [9].

	Maximum Packet Loss Rate Downlink
	O
	
	Packet Loss Rate
9.3.1.79
	Indicates the maximum rate for lost packets that can be tolerated in the downlink direction. Details in TS 23.501 [9].

	Maximum Packet Loss Rate Uplink
	O
	
	Packet Loss Rate
9.3.1.79
	Indicates the maximum rate for lost packets that can be tolerated in the uplink direction. Details in TS 23.501 [9].





So, the TSC Related Information should also support to be configured with downlink and uplink information simultaneously.
Observation 2: The TSCAI Related Information should support to provide downlink and uplink information simultaneously.
Considering that TSCAI is sent associated with the QoS Flow Level QoS Parameters, and QoS Flow Level QoS Parameters are included in NG, Xn, E1 and F1 interface, the introduction of TSCAI will impacts the NGAP, XnAP, E1AP and F1AP specification.
Observation 3: The introduction of TSCAI will affect the NGAP, XnAP, E1AP and F1AP specification.
Proposal 1: TSCAI which can provide downlink and uplink information simultaneously is introduced in QoS Flow Level QoS Parameters of NGAP, XnAP, E1AP and F1AP specification.
As proposed by RAN2[2] and specified by SA2[3], the the TSC Assistance Information is used for schedule the radio resource for Configured Grants or Semi-Persistent Scheduling.
Based on the current RAN2 specification, there are two types of Configured Grant:
· Type 1 only relies on RRC (re)configuration without any L1 signaling, e.g. the period, the resource Allocated and Resource Time domain information are both configured by RRC Message.
· Type 2 is very similar to LTE SPS feature. E.g. in addition to RRC configuration, L1 signalling is used for activation/deactivation of the grant. The gNB needs to explicitly activate the configured resources on PDCCH. , e.g. the period is only configured by RRC Message, and the resource Allocated and Resource Time domain information are explicitly activated and configured by DCI over PDCCH.
For Type 1 of Configured Grant, all the Periodicity, Burst Arrival time and Message Size related information should be known by eNB before transmitting the RRC message; while for Type 2, only Periodicity should be known by eNB before transmitting the RRC message(e.g. the resource Allocated and Resource Time domain information can be explicitly indicated by DCI when the Data packet arrives).
And based on the current RAN2 specification, there are one type of SPS configuration: the period is only configured by RRC Message, and the resource Allocated and Resource Time domain information are explicitly activated and configured by DCI over PDCCH.
Thus, either both Burst Arrival time and Message Size should be known by eNB before transmitting the RRC message, or neither Burst Arrival time nor Message Size is necessary for Configured Grants or Semi-Persistent Scheduling before transmitting the RRC message. So, Burst Arrival time should be conditional present, which depends on whether MDBV(Maximum Data Burst Volume) is present. If MDBV is present, Burst Arrival time can be present; else, Burst Arrival time is not present.
Observation 4: Whether Burst Arrival time is present depends on whether MDBV(Maximum Data Burst Volume) is present.
Proposal 2: Burst Arrival time is conditional present in TSCAI.
Taken into account that it is specified in SA2 that the maximum value of TSC Burst Size is mapped to MDBV of 5QI and the TSCAI Related Information should support to provide downlink and uplink information simultaneously, but in the current RAN3 specification, the MDBV can not differentiate uplink and downlink. So, MDBV uplink and MDBV downlink should be introduced.
Observation 5: In the current RAN3 specification, the MDBV can not differentiate uplink and downlink, and the differentiation is necessary when it is used to indicate TSC Burst Size.
Considering that 5QI including MDBV are also elements of QoS Flow Level QoS Parameters, the introduction of MDBV uplink/downlink information will also impacts the NGAP, XnAP, E1AP and F1AP specification. Taken into account that , MDBV uplink and MDBV downlink are used as TSCAI, they can be included in TSCAI directly, and some relation description with MDBV are included.
Proposal 3: MDBV uplink and MDBV downlink are introduced in TSCAI, and some relation description with MDBV in 5QI are included.
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]In SA2 specification[3], only the traffic pattern deterministic TSC Assistance Information is discussed. In fact, there are also TSC services that delay is deterministic but traffic pattern is not deterministic. For these service, although Configured Grants or Semi-Persistent Scheduling can not be used, the accurate reference timing delivery is still necessary. Thus, for this type of service, although the period, burst arrive time and message size cannot be provided by AMF, the TSC assistance information IE can also be provided to gNB to indicate that the Qos flow is for TSC service, e.g. based on which, eNB decides whether to deliver the accurate reference timing to UE by broadcast and unicast RRC signalling.
Observation 6: For delay deterministic but traffic pattern non-deterministic TSC service, although the period, burst arrive time and message size cannot be provided by AMF, the TSC assistance information IE can also be provided to gNB to indicate that the Qos flow is for TSC service, e.g. based on which, eNB decides whether to deliver the accurate reference timing to UE.
[bookmark: OLE_LINK4]Proposal 4: The TSC Assistance Information IE can be transmitted even if all the information (e.g. period, burst arrive time) are not included in it.
Base on the discussion above, we provide the related corresponding CRs ([8]~[11]).
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Observation 1: TSC assistance information is one type of QoS parameters, and can be sent associated with the QoS Flow Level QoS Parameters.
Observation 2: The TSCAI Related Information should support to provide downlink and uplink information simultaneously.
Observation 3: The introduction of TSCAI will affect the NGAP, XnAP, E1AP and F1AP specification.
Observation 4: Whether Burst Arrival time is present depends on whether MDBV(Maximum Data Burst Volume) is present. 
Observation 5: In the current RAN3 specification, the MDBV can not differentiate uplink and downlink, and the differentiation is necessary when it is used to indicate TSC Burst Size.
Observation 6: For delay deterministic but traffic pattern non-deterministic TSC service, although the period, burst arrive time and message size cannot be provided by AMF, the TSC assistance information IE can also be provided to gNB to indicate that the Qos flow is for TSC service, e.g. based on which, eNB decides whether to deliver the accurate reference timing to UE.

Proposal 1: TSCAI which can provide downlink and uplink information simultaneously is introduced in QoS Flow Level QoS Parameters of NGAP, XnAP, E1AP and F1AP specification.
Proposal 2: Burst Arrival time is conditional present in TSCAI.
Proposal 3: MDBV uplink and MDBV downlink are introduced in TSCAI, and some relation description with MDBV in 5QI are included.
Proposal 4: The TSC Assistance Information IE can be transmitted even if all the information (e.g. period, burst arrive time) are not included in it.
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