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1 Introduction
During the RAN#80 meeting, “Study on NR Industrial Internet of Things (IoT)” was approved where RAN3 is involved with the objectives including QoS support of TSN [1]. This contribution intends to identify the RAN3 impacts by analyzing the potential RAN enhancements in the context of support for QoS enhancements.
2 Discussion
IEEE Time Sensitive Networking (TSN) Task Group aims to provide deterministic services through IEEE 802 networks, i.e. guaranteed packet transport with bounded low latency, low packet delay variation and low packet loss. A set of standards including Time-aware scheduling for hard real-time traffic, e.g. IEEE 802.1Qbv to meet the strict requirements of high performance manufacturing in terms of latency, jitter and error rate. In order to support of wireless Ethernet over NR to enable TSN, RAN needs to study the potential enhancements, e.g. scheduling and QoS to enable wireless Ethernet in support of TSN. In the following, we provide our initial analysis on RAN3 impacts by investigating the potential enhancements. 
2.1 Architecture enhancement
In Rel-15, Ethernet PDU session can be indicated by the PDU Session Type which could be passed to RAN during PDU Session Resource Setup procedure and RAN is required not to perform header compression for the concerning PDU session, which is the only impact in RAN3 in support of Ethernet in R15. Therefore, RAN is aware of the specific Ethernet PDU session by reusing the PDU session Type.
Observation: RAN is aware of Ethernet PDU session by PDU session type and header compression for the concerning PDU session is not performed in R15.
In Rel-16, SA2 has launched the “Study on 5GS Enhanced support of Vertical and LAN Services” named FS_Vertical_LAN where the Key issue #3.1: System Enhancements to support TSN is relevant to scheduling and QoS enhancements [2]. According to the listed open issues as follows, 
-
What are the architecture assumptions and principles for supporting TSN in 5G System?

-
What are the necessary enhancements to QoS (e.g. new 5QI), policy framework to support TSN?

-
What are the necessary enhancements to 3GPP network to support scheduling requirements between UE(s) and application for wireless TSN deployment (e.g. coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc.) in the 5G System for TSN support?

-
What are the impact on 5G System when TSN support is introduced due to mobility and determine to what extent TSN can be supported when there is mobility?

-
How and whether interworking and co-existence can be supported with existing TSN deployments should be identified?

-
It needs to be studied whether and how work done in other SDOs (e.g. IEEE, IETF) can be leveraged for support of TSN in 5G System e.g. scheduling of traffic (IEEE 802.1Qbv).

It can be seen that architecture assumption and principles to support of TSN is still under evaluation and whether the requirements of TSN can be fulfilled by 5GS existing architecture without full integration of TSN inside the 5GS, i.e. “adaptation” or “integration” needs to be checked first as indicated in [3]. Therefore, from RAN3 point, RAN architecture impact shall be pending to the progress in SA2 at this moment.
Proposal 1: RAN architecture impacts to support of IIoT is pending to SA2.
2.2 QoS enhancement

Regardless of “adaptation” and “integration” model adopted by SA2, potential QoS enhancements shall be discussed in RAN with SA2 in order to fulfil the TSN specific requirements. According to the R15 5QI to QoS characteristics mapping, only packet delay budget, packet error rate and priority level are considered as QoS characteristics. However, as in [4], take Factory automation as example in Figure 1, the KPI of reliability of 99.9999% and 2ms E2E delay is not specified by existing standardized 5QI. Therefore, new 5QI is needed to be obtained in RAN in terms of low latency and high reliability.  
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Jitter
(ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Synchronisation clock synchronicity requirement
	Description 

	Factory automation

(22.804: 5.3.2)
	99.9999
	[2](end to end latency)
	
	 [4, 40]
	20 byte, 50 byte
Periodic and deterministic traffic model
	< 1 µs
	Motion control


Figure 1. Requirements for use case of Factory automation
Proposal 2: RAN3 assumes that new 5QIs are needed in RAN to fulfil the diverse requirements of TSN. 
Another important feature of support of TSN is to provide deterministic services with bounded delay, i.e. jitter requirement, where the definition can refer to [4] as follows.
Jitter: The jitter is the variation of a (characteristic) time parameter. An example is the variation of the end-to-end to latency. If not stated otherwise, jitter specifies the symmetric value range around the target value (target value ( jitter/2). If the actual time value is outside this interval, the transmission was not successful.
As depicted in Figure 2, power distribution poses the jitter requirements and the traffic pattern is deterministic as well. In R15, common understanding in RAN1 and RAN2 is that delay-sensitive URLLC service with periodic traffic can be accommodated by the semi-persistently configured grant. That means the periodicity of the traffic should be pre-requisite in RAN to meet the data size and jitter requirements. 
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Jitter
(ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Synchronisation clock synchronicity requirement
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
	
	8
	[80] byte 

ftp model 3 with arrival interval 100ms
	
	Power distribution grid fault and outage management 

	
	[99.999] 
	15(end to end latency)
	0.4
	8
	250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	
	Differential protection


Figure 2. Requirements for use case of Power distribution
Proposal 3: RAN3 assumes that new QoS characteristics, e.g. traffic pattern, jitter and synchronicity requirements should be obtained in RAN to fulfil the diverse requirements of TSN. 
2.3 Scheduling enhancement

After obtaining the TSN specific QoS parameters, how to ensure the requirements can be realized by synchronization and scheduling enhancements within RAN if we first take RAN architecture enhancements aside. IEEE TSN develops the Time-aware scheduling protocols which creates the packet delivery schedules by 802.1Qbv and bandwidth reservation. RAN1 eURLLC and RAN2 are expected to investigate the L1/L2 and L3 enhancements to guarantee the TSN requirements, including the enhanced support of periodic and aperiodic traffic. For example, whether time stamps, accurate delay budget shall be needed in context of scheduling enhancement will involve RAN2 efforts for the evaluation of performance. Therefore, scheduling enhancements to support wireless TSN deployment can be discussed first in RAN2.  
Proposal 4: RAN3 assumes that enhancements to scheduling including periodic and aperiodic traffic to enable TSN should be discussed first in RAN2. 
3 Conclusion
In this contribution, we provide our analysis on potential RAN3 impacts regarding support for Wireless Ethernet enhancements and QoS as identified in Study on NR Industrial IoT and have the following observation and proposals:

Observation: RAN is aware of Ethernet PDU session by PDU session type and header compression for the concerning PDU session is not performed in R15.
Proposal 1: RAN architecture impacts to support of IIoT is pending to SA2.
Proposal 2: RAN3 assumes that new 5QIs are needed in RAN to fulfil the diverse requirements of TSN. 
Proposal 3: RAN3 assumes that new QoS characteristics, e.g. traffic pattern, jitter and synchronicity requirements should be obtained in RAN to fulfil the diverse requirements of TSN. 
Proposal 4: RAN3 assumes that enhancements to scheduling including periodic and aperiodic traffic to enable TSN should be discussed first in RAN2. 
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