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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the SID of Industrial IoT, one of the objective is to discuss the enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804. In this contribution, we discuss the TSN performance requirements and their potential impacts on MAC.
Discussion
[bookmark: _Ref528693818]Clarification on the KPIs of TSN services
Section 8.1 of [1] summarizes the performance requirements of the various TSN usecases and services. The performance requirements are captured in different tables associated with different traffic types: Periodic-deterministic, A-Periodic deterministic, Non deterministic. The performance metrics are categorized into “KPIs” which are defined based (and depend) on “Influence quantities”. Different KPIs / influence quantities are used depending on the traffic type, as shown in Table-1 below: 
Table-1 KPIs associated with TSN traffic types
	Traffic type:
	Periodic deterministic
	A-Periodic deterministic
	Non-deterministic

	KPIs
	· Communication service availability;
· End-to-end latency;
· End-to-end latency jitter;
	· Communication service availability;
· End-to-end latency;
· End-to-end latency jitter；
· Service bit rate;
	· Service bit rate；

	Influence quantity
	· Message size;
· Transfer interval;
· Survival time;
· UE speed;
· # of UEs;
· Service area;
	· UE speed;
· # of UEs;
	· UE speed;
· # of UEs;
· Service area;



Extensive definitions of the KPIs and the influence quantities are provided in Clauses 4.3.4.4, 8.1 and Annex A of [1], which can be summarized as shown in Figure 1, for a periodic deterministic traffic:


[bookmark: _Ref528688663]Figure 1: Performance metrics used to characterize TSN usecase requirements in [1].
The most stringent values of these performance metrics are given in the below table, extracted from the KPI Table of periodic deterministic traffic (Section 8.1 of [1]). Note that jitter is not always explicitly stated, but in that case the requirement reduces to the maximum value of the end-to-end latency. 
Table-2 Performance requirements examples from [1]
	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

	99,9999% to 99,999999%
	< transfer interval 
	
	≤ 1 k
	≥ 4 ms
	Transfer interval
	≤ 20 m/s
	≤ 10
	
	Factories of the Future 5.1, 5.3, 5.6
	Motion control and control-to-control use cases

	> 99,9999% 
	< transfer interval 
	< 50% of transfer interval
	40 to 150 k
	1 to 500 ms
	Transfer interval
	≤ 14 m/s
	≤ 100
	≤ 1 km2
	Factories of the future 6.1, 6.2, 6.4, 6.6, 7.1, 7.6; Electric Power Distribution 5.1, 5.2, 5.4
	Mobile control panels, mobile robots, and differential protection

	NOTE 1: The jitter interval is symmetric. However, only late arrivals count as communication error.



The Communication service availability is 1 – the probability that the system becomes unavailable which, as can be seen from Figure 1, can be derived from the probability that N consecutive transmission failures exceed the survival time; hence is a function of the packet error rate through the radio channel, which clearly is in the RAN1 domain. Moreover, as can be observed from Table-2, some end-to-end latency values are extremely short, leaving little room for retransmission(s). As a result, the only possibility for L2 user plane to contribute to meet the most extreme latencies from the above Table is via the duplication function. From the above, it is clear that the fulfillment of the above KPIs must be assessed and studied in RAN1 first. 
Proposal 1: Fulfillment of the most extreme Communication service availability, end-to-end latency and end-to-end latency jitter KPIs from TR22.804 must primarily be assessed and studied in RAN1.
Mapping between TSN KPIs and 5G QoS parameters
In RAN2#103bis meeting, RAN2 agreed that from RAN perspective, it is preferable to reuse the current QoS framework and TSN integration options allowing that (e.g. “5G as a black box”) are preferred [3]. Assuming 5G works as a black box for TSN, it is reasonable that 5GS should have the functionality to translate the Industrial IoT KPIs into 5G NR QoS parameters. And it is key for RAN2 to understand how the 5QI parameters will be impacted by TSN requirements.
According to [4], 5G NR QoS profile includes the following parameters: 5QI, ARP, RQA, GFBR, MFBR, notification control and maximum packet loss rate. In addition, 5QI is the integration of the following parameters:
· Resource Type (GBR, delay critical GBR or Non-GBR)
· Priority level;
· Packet Delay Budget;
· Packet Error Rate;
· Averaging window;
· Maximum Data Burst Volume (for Delay-critical GBR resource type only).
However, so far, only the packet error rate and the packet delay budget can be derived from the KPIs discussed in Section 2.1, but TR22.804 does not give much insight about other parameters values such as e.g. MDBV, GFBR MFBR. Any change in the range of such parameters could have impacts on MAC design. Note that such parameters have their “twin” QoS parameters in Ethernet world e.g. via Metro Ethernet Forum (MEF, also referred to as Carrier Ethernet 2.0) bandwidth profiles defining QoS attributes to V-LAN flows (committed bit rate, excess bit rate, …). In short, RAN2 should ask SA2 if any changes are foreseen in the existing 5QI parameters and in their value ranges to satisfy the TSN QoS requirements.

Proposal 2: Send an LS to SA2 asking if/which potential changes are foreseen in the 5QI parameters and in their value ranges to satisfy the TSN QoS requirements.
Other impacts of TR22.804 on L2
The support of augmented reality (AR) / virtual reality (VR) is required by two TSN verticals: entertainment industry (Clause 5.8.1.2) and factory of future (Clause 5.3.10). Similarly, [1] calls for tight latency and reliability requirements for audio streaming for live performance as shown below:
	Characteristic parameter (KPI)
	Influence quantity
	Related requirement
	Remark

	Communication service availability
	End-to-end latency: target value
	End-to-end latency: jitter (note)
	Service bit rate: user-experienced data rate
	UE speed
	# of UEs
	
	

	99,9999%
	< 1 ms
	
	150 kbit/s to 4,61 Mbit/s
	≤14 ms/s
	
	PMSE 1.1, 1.3, 1.6
	Audio streaming for live performance

	NOTE: The jitter interval is symmetric. However, only late arrivals count as communication error.



As a result, URLLC service can no longer be considered as a low data rate traffic (with short PUSCH duration), and prioritization across URLLC traffics will be required (not only URLLC vs eMBB).
Proposal 3: RAN2 should study how to support URLLC services with high data rates. 
Proposal 4: RAN2 should study how to support prioritization among URLLC services (not only URLLC vs eMBB). 
Conclusion
This contribution discussed various aspects of the requirements from TR 22.804 [1] and their potential impacts on NR L2, resulting in the following proposals:
Proposal 1: Fulfillment of the most extreme Communication service availability, end-to-end latency and end-to-end latency jitter KPIs from TR22.804 must primarily be assessed and studied in RAN1.
Proposal 2: Send an LS to SA2 asking if/which potential changes are foreseen in the 5QI parameters and in their value ranges to satisfy the TSN QoS requirements.
Proposal 3: RAN2 should study how to support URLLC services with high data rates. 
Proposal 4: RAN2 should study how to support prioritization among URLLC services (not only URLLC vs eMBB). 
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