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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved. The potential enhancement for TSN network on scheduling enhancement by using TSN traffic patterns are discussed and captured in this study item, as shown in the following [1]:
2)	Time Sensitive Networking related enhancements:
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.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will discuss the issue about scheduling enhancement for TSN traffic and give our proposals. 
[bookmark: _Ref178064866]Discussion
As mentioned in TR 22.804 clause 8.1 and the LS sent out on TSN requirement evaluation, RAN2 will focus on the following use cases and KPIs which reaches to the most stringent requirement:
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases

	IV
	N/A
	99.9999%
	N/A
	< 1 ms
	N/A
	N/A, but service bit rate from 150 kbit/s to 4.61 Mbits/s
	N/A
	Aperiodic
	Audio streaming for live performance


Table1: TSN use cases with the stringent requirement
From Table 1, it is observed that all traffics are belong to deterministic traffic pattern, and most of them are with periodic characteristic. By saying deterministic traffic pattern, it means that the delay of message delivery is bounded, and the message should be arriving in the fixed window. In addition, traffic is existed in both uplink side and in downlink side for TSN related use cases according to the description in TR 22.804. Thus, by considering the low latency tolerance requirement, e.g. 0.5ms, using SPS/CS is the most straightforward method for such TSN traffic to assure the required QoS.
[bookmark: _Toc528848623][bookmark: _Toc528848671][bookmark: _Toc528881480][bookmark: _Toc528923621]TSN traffic targets at 0.5ms latency requirement.
[bookmark: _Toc528273763][bookmark: _Toc528324789][bookmark: _Toc528334563][bookmark: _Toc528848723][bookmark: _Toc528881484][bookmark: _Toc528923618]RAN2 focus on SPS/CS scheduling to meet TSN traffic QoS requirement. 





Figure 1 Examples for uplink grant for packets
In LTE Rel-15, similar mechanism is introduced for highly reliable low latency communications. And the related enhancement such as multiple SPS configuration, SPS repetition is captured in RAN specification. However, there is still some difference shown below on the use case and the QoS requirement between Rel-15 and Rel-16, so it may not applicable if re-using without any enhancement.
· It is clearly mentioned to support deterministic traffic. 
· SPS limitation on only one TB for each SPS occasion considering delivery delay or continues packet arrival. 
[bookmark: _Toc528848624][bookmark: _Toc528273797][bookmark: _Toc528324793][bookmark: _Toc528334569][bookmark: _Toc528848625][bookmark: _Toc528848672][bookmark: _Toc528881481][bookmark: _Toc528923622]Rel-15 scheduling enhancement for HRLLC is not fully match with TSN network requirement.
Some potential enhancement for SPS/configured grant can be foreseen, including:
Firstly, to enhance the legacy SPS/CS in a way: 
· Considering it is the deterministic traffic with delay boundary of message delivery, the duration time for each uplink grant/downlink assignment can be more than one TB. 
· Similar as LTE Rel-15 multiple SPS mechanism, multiple uplink grants/downlink assignments with different time offset can be considered.
In addition, to enhance legacy SPS/CS for higher reliability requirement.
· Similar as LTE Rel-15, repetition mechanism can be considered.
[bookmark: _Toc528848724][bookmark: _Toc528881485][bookmark: _Toc528923619]RAN2 study the enhancement of SPS/configured grant to better support deterministic traffic, including more than one TB resource configuration, multiple SPS, repetition transmission.
UE assistant information report for preferred uplink traffic pattern and uplink traffic pattern change, considering UE knows uplink traffic pattern better than network side. For example, UE can report some traffic related information, e.g. UL traffic pattern, recommended configured grant configuration, to help resource configuration in uplink.
[bookmark: _Toc528273766][bookmark: _Toc528324791][bookmark: _Toc528334565][bookmark: _Toc528848725][bookmark: _Toc528881486][bookmark: _Toc528923620]RAN2 study UE assistant information report for uplink traffic pattern. 

Conclusion
Based on the discussion above, we made the following observations:
[bookmark: _GoBack]Observation 1	TSN traffic targets at 0.5ms latency requirement.
Observation 2	Rel-15 scheduling enhancement for HRLLC is not fully match with TSN network requirement.

And propose the following:
Proposal 1	RAN2 focus on SPS/CS scheduling to meet TSN traffic QoS requirement.
Proposal 2	RAN2 study the enhancement of SPS/configured grant to better support deterministic traffic, including more than one TB resource configuration, multiple SPS, repetition transmission.
Proposal 3	RAN2 study UE assistant information report for uplink traffic pattern.
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