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1. Introduction
 In the new WID of IIoT [1], one objective is to support TSC related enhancement, as below:
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From the objective, we see UE’s TSC traffic pattern related information should be provided from CN to RAN, and transferred between RAN nodes. In this contribution, we will discuss how to transfer the info in corresponding interfaces.
2. Discussion
As has been captured in TR23.734 [2] and TS 23.501 [3], making use of the knowledge of the TSC traffic pattern would be beneficial for radio optimization. Therefore, information of the traffic pattern such as at least periodicity and message size would be required. Also, information on when the periodic data arrives i.e. a time reference or offset would be helpful.
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Base on the introduction above, we could see both of UE’s uplink and downlink TSN pattern should be considered separately. And both of them should be provided to the RAN for radio optimization purpose.
Observation 1: For both uplink and downlink, TSN traffic pattern of the preceding node of the 5GS should be provided to gNB in order to optimize radio resource for TSN traffic.

Considering the granularity of TSN pattern, we understand this is service (QoS flow) specific info. That means several services with different TSN patterns may be supported by a TSN node. In this case, UE specific signaling should be used for transmission of the TSN traffic pattern related info from CN to RAN and between the RAN nodes.

Proposal 1: TSC Assistance Information should be per QoS flow granularity, and should be independently between uplink and downlink.
Considering the N2 signaling, the TSC Assistance Information should be provided from Core Network to RAN per QoS flow in addition to QoS Flow Level QoS Parameters in PDU SESSION RESOURCE SETUP REQUEST, INITIAL CONTEXT SETUP REQUEST, PDU SESSION RESOURCE MODIFY REQUEST messages.
If UE mobility is considered, Xn or NG Handover should be supported. In this case, CN could also provide the TSC Assistance Information in NG HANDOVER REQUEST message. Similarly, the TSC Assistance Information should also be transferred from source gNB to target gNB via Xn interface.  

Proposal 2: In NGAP, TSC Assistance Information should be provided to RAN from CN in INITIAL CONTEXT SETUP REQUEST, PDU SESSION RESOURCE SETUP REQUEST, PDU SESSION RESOURCE MODIFY REQUEST, and HANDOVER REQUEST messages.

Proposal 3: In XnAP, TSC Assistance Information should be provided to the target RAN in HANDOVER REQUEST message.
If CU-DU split is deployed in IIoT network, the TSC Assistance Information should also be sent to gNB-DU as gNB-DU to optimize the resource scheduling in gNB-DU. In F1-AP, this info could be included in UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages, additional to the QoS info already provided today.
Proposal 4: In F1-AP, TSC Assistance Information should be provided to gNB-DU in CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages.

Similarly, in case of CP-UP split, the TSC Assistance Information should also be transferred to CU-UP from CU-CP during the establishment of the data bearer. The info could be transfer in BEARER CONTEXT SETUP REQUEST and BEARER CONTEXT MODIFICATION REQUEST messages.
Proposal 5: For E1-AP, TSC Assistance Information should be provided to CU-UP in BEARER CONTEXT SETUP REQUEST and BEARER CONTEXT MODIFICATION REQUEST messages.
 On the content of TSC Assistance Information, it has been specified in [3], as shown below:
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From the agreement of SA2, we see the Burst size is replaced by the existing QoS parameter MDBV, no need to include it in TSC assistance info any longer.

For the parameters the Periodicity and Burst Arrival time, we could not assume the same value is been used in both uplink and downlink, therefore, uplink and downlink parameters should be provided separately when we design our interface. The following tabular is an example:

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

	Periodicity Downlink
	M
	
	[FFS]
	Time period between start of two bursts. Details in TS 23.501

	Periodicity Uplink
	M
	
	[FFS]
	Time period between start of two bursts. Details in TS 23.501.

	Burst Arrival Time Downlink
	M
	
	[FFS]
	The arrival time of the data burst at the ingress of the RAN. Details in TS 23.501.

	Burst Arrival Time Uplink
	M
	
	[FFS]
	The arrival time of the data burst at egress interface of the UE. Details in TS 23.501.


Base on the discussion above, we provide the corresponding CRs ([4]~[7]) to provide the TSC Assistance Information in NG, Xn, E1 and F1 interface.

Proposal 6: Discuss and agree the corresponding CRs in [4], [5], [6] and [7].
3. Conclusion 

On provision of TSC traffic pattern info from 5GC to NG-RAN, SA2 have already got some agreement in their TR and TS. Based on the outcome of SA2, we further analysis the possible RAN impact, and have the following observations and proposals:
Observation 1: For both uplink and downlink, TSN traffic pattern of the preceding node of the 5GS should be provided to gNB in order to optimize radio resource for TSN traffic.

Proposal 1: TSC Assistance Information should be per QoS flow granularity, and should be independently between uplink and downlink.

Proposal 2: In NGAP, TSC Assistance Information should be provided to RAN from CN in INITIAL CONTEXT SETUP REQUEST, PDU SESSION RESOURCE SETUP REQUEST, PDU SESSION RESOURCE MODIFY REQUEST, and HANDOVER REQUEST messages.
Proposal 3: In XnAP, TSC Assistance Information should be provided to the target RAN in HANDOVER REQUEST message.

Proposal 4: In F1-AP, TSC Assistance Information should be provided to gNB-DU in CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST messages.
Proposal 5: For E1-AP, TSC Assistance Information should be provided to CU-UP in BEARER CONTEXT SETUP REQUEST and BEARER CONTEXT MODIFICATION REQUEST messages.
Proposal 6: Discuss and agree the corresponding CRs in [4], [5], [6] and [7].
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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.
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Figure 6.31.1-1: Delivery of additional TSN traffic pattern to RAN for radio optimization (downlink)


The CNC has pre-scheduled the traffic pattern for every TSN bridge egress. Every TSN bridge should receive the traffic pattern from the CNC and send out the traffic according to the pre-scheduled pattern. Figure 6.31.1-1 illustrate 5GS downlink output scheduling. There are three TSN nodes. The 5GS is modelled as TSN bridge (B), it receives "TSN traffic pattern B" for doing output scheduling at UE for downlink traffic towards TSN node (c). The TSN node (A) is the preceding node of the 5GS. The output traffic from node (A) follows "traffic pattern A". CNC has both "traffic pattern A and B" information. Normally, CNC only sends the relevant traffic pattern information to the bridge who needs to use it for output scheduling, e.g. "traffic pattern A" is only sent to TSN node (A). Therefore, for the output scheduling purpose, the 5GS only needs to distribute the "TSN traffic pattern B" from the AF to UE translator in downlink direction. However, in order to optimize radio resource for TSN traffic, the gNB needs to aware the incoming TSN traffic pattern, therefore 5GS has to request "TSN traffic pattern A" from the CNC, and then forward it to gNB.
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Figure 6.31.1-2: Delivery of additional TSN traffic pattern to RAN for radio optimization (uplink)


Figure 6.31.1-2 shows an uplink case, where the TSN node (C) is the preceding node to 5GS, therefore, besides the "TSN traffic pattern B" that is required for 5GS output scheduling, additional "traffic pattern C" needs to be delivered to gNB for radio optimization purpose.





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).�
�
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