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Introduction
In approved SID for IIoT [1], the scope for scheduling enhancements for TSN traffic is as follows. Contributions [6][7] [8][9] submitted to RAN2#103bis meeting discussed scheduling enhancements for TSN.
b)	Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

In this contribution, we discuss scheduling enhancements for TSN traffic.
Discussion
IEEE 802.1Qbv [4] defines enhancements for scheduled traffic while 802.1Qch [5] defines Cyclic Queuing and Forwarding, which is a method of traffic shaping that can deliver deterministic latency for time-sensitive traffic streams. The principle underlying CQF is that stream traffic is transmitted and queued for transmission along a network path in a cyclic manner. Time is divided into numbered time intervals i, i+1, i+2, ... i+N, each of duration d. Stream filters and stream gate are used to implement CQF, with an example shown in Figure 1 below.

[bookmark: Fig_CQF]Figure 1: Traffic scheduling example for CQF [5]
Requirements for periodic deterministic communication of TSN traffic discussed above are captured in TR 22.804 clause 8.1.2 for several scenarios. The most demanding scenario on latency requirement is shown below.
	Characteristic parameter (KPI)
	Influence quantity
	Requirement
	Remark

	Communication service availability
	End-to-end latency: target value
	End-to-end latency: jitter (note)
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE speed
	# of UEs
	Service area
	
	

	99,9999% to 99,999999%
	< transfer interval
	
	20 to 50
	0,5 ms to 2 ms
	Transfer interval
	≤ 20 m/s
	≤ 100
	
	Factories of the Future 2.1, 2.2, 2.3, 2.8, 2.10
	Motion control and control-to-control use cases



In RAN2 reply LS to SA2 [2], RAN2 indicated the preference for Black box approach for the architecture of integrating TSN and 5GS. In Solution 8 in TR 23.734 [3], 5GS appears as a TSN bridge (black box) for integration with TSN, as shown in Figure 2 below. The 5GS Bridge provides TSN ingress and egress ports via the so-called TSN Translator (Device) on the UE side and via the "TSN Translator" (CP and UP) on the CN side towards the DN. 


[bookmark: Fig_Solution8]Figure 2: Example for system architecture view with 5GS appearing as TSN bridge
In [8], it is proposed to deploy de-jitter functions at the end of 5GS (e.g. UPF in UL, and UE in DL) to achieve deterministic communications on an end-to-end basis while still allowing certain level of dynamism on the lower layers. Such a de-jittering function does not have to be standardized in 3GPP as part of the RAN. We agree this approach in principle, and prefer to deploy de-jitter functions at TSN translators to avoid any impact to 5GS.
The remaining issue to be handled in 5GS to guarantee periodic deterministic communications is how UE, gNB and UPF can minimize the latency fort TSN traffic. For DL, it is expected that the solution on intra-UE prioritization of DL can guarantee that gNB can always schedule time-sensitive TSN traffic once it comes. Although DL SPS can save PDCCH overhead, it might not solve the issue of minimizing latency for time-sensitive TSN traffic given that minimum DL SPS period is 10 ms. Reducing DL SPS period increases UE power consumption dramatically, therefore should not be considered.
[bookmark: Proposal_DL]Proposal 1: Scheduling enhancements for TSN traffic in DL can rely on solutions for Rel-16 DL intra-UE prioritization.
In Rel-15 NR, there are already mechanisms to minimize the UL latency, like configured grant, and multiple SR configurations. Given that the most stringent end-to-end latency requirement is 0.5 ms, using SR might not satisfy the latency requirement due to the additional gNB and UE processing time involved, therefore configured grant is the most promising solution to satisfy TSN timing requirement. Rel-15 NR supports the minimum configured periodicity of 2 symbols, which can be as short as 0.018 ms for 60 kHz SCS. Therefore if TSN traffic classes have the same message size, there is no need to enhance Rel-15 configured grant. However, considering that different traffic classes can have different messages sizes and TDM between TSN traffic classes, it is necessary to enhance configured grant so that UE can be configured with multiple configured grants with timing and transport block sizes matching the supported traffic classes. Therefore following enhancements could be considered:
· Assistant information for configured grant: LTE Rel-14 V2X assistance information IE TrafficPatternInfoList-r14 provides both timing and message size information for up to 8 periodic traffic patterns. Similar assistant information can be introduced for TSN.
· [bookmark: _GoBack]Multiple configured grant configurations: LTE Rel-14 V2X also introduces multiple SPS configurations per cell. For TSN enhancements, multiple configured grant configurations per cell can also be introduced.
It can be seen that both assistant information and multiple configured grant configuration are related to V2X. Therefore it is desirable to have a unified solution to address both V2X and TSN requirements.
[bookmark: Proposal_UL]Proposal 2: Enhancements for configured grant (assistant information and multiple configurations) are needed to satisfy TSN requirements. RAN2 should aim to provide unified solution for both TSN and V2X.
Conclusion
In this contribution, we discuss scheduling enhancements for TSN traffic. We propose the following:
Proposal 1: Scheduling enhancements for TSN traffic in DL can rely on solutions for Rel-16 DL intra-UE prioritization.
Proposal 2: Enhancements for configured grant (assistant information and multiple configurations) are needed to satisfy TSN requirements.
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