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1 Introduction
At RAN#80 meeting, a new SI “Study on NR Industrial Internet of Things (IoT) was approved, it is revised in RAN#81 in [1]. According to [1], the identified use cases with higher requirement for Rel-16 URLLC include transport industry, electrical power distribution and factory automation. 
The objective of this study item is to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications) with the already existing solutions for NR as the baseline.
The contribution firstly discusses the prioritized detailed requirements for the identified use cases, and the background of the progress of the related RAN1 eURLLC, SA2 URLLC, SA2 vLAN for information sine they addressed the overlapped requirement from the different point of view.
2 Discussion
2.1 The progress of RAN1 eURLLC, SA2 URLLC, SA2 vLAN SI
1. SA2 URLLC 

This SI are evaluating the potential architecture enhancements for supporting URLLC services in 5G System. To meet the URLLC requirements on latency, jitter and reliability in 5G System as defined in TS 22.261, some solutions in TR 23725 may have possible RAN2/3 impact including:

-
minimize the impacts of UE mobility to the latency and jitter between AN and CN, and within CN

-  realize transmission with reliability higher in the user plane path.

-
monitor the QoS of the QoS flow with URLLC requirement.

-  Supporting low latency without requiring that the UE to always be in RRC_Connected Mode
2. SA2 vLAN

In SA2#128bis, R16 FS_Vertical_LAN SI (Study on 5GS Enhanced support of Vertical and LAN Services) is discussed on the TSN adaptation or TSN integration needed in 5G System, and whether common time synchronization, management, configuration and scheduling needs to be supported between the factory hosted TSN network and the 5G System. 
SA2 send an LS S2-189051 to RAN to evaluate whether the KPIs defined in TR 22.804 clause 8.1 require support for TSN based stream reservation and scheduling with integration with external "factory" TSN sub-net or existing 3GPP defined synchronization, prioritization and scheduling mechanisms, potentially with some enhancements within RAN.
3. RAN1 eURLLC
At RAN#80 meeting, a new SID on Physical Layer Enhancements for NR URLLC is approved. The same use case and the higher requirement except the higher TSN requirement is identified as [1]. In RAN1#94 meeting, RAN1 agreed that the use cases listed below are selected as the starting point for further discussion. 

	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Description 

	Transport Industry

(22.186: 5.5)
	[99.999]
	[5] (end to end latency)
	[30]


	DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s

UL: [TBD] byte; Periodic with arrival interval [TBD] s 
	Remote driving



	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)
	8
	250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	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
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)
	99.999 
	[1ms] (air interface delay)
	1, 5, 10, 20
	[32, 256] bytes 

FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 


Table 2.1-1 Requirements for the identified use cases for Rel-16 NR IIOT evaluation
· All the entries in the above table are subject to further discussion which can be revisited in the next meeting

· Note: The details on above the requirements can refer to R1-1809337.

· Note: 3ms ~ 10ms CN delay for differential protection (i.e. power distribution case 2) could be considered.

· Note: Rel-15 higher layer mechanisms for reliability may be applicable for achieving the reliability requirement
· Note: The reliability and latency are as defined in 22.186.  
· Note: For AR/VR, the requirement can refer to section 7.2.3 in TS 22.261. 
· Note: FFS whether the packet size is based on application layer or L2/L3. The packet size listed in the table needs to further discussed, especially depending on the outcome of whether the packet size is based on application layer or L2/L3

· Further discussion on how to map the requirements (e.g., reliability, latency, etc.) to RAN-level requirements

2.2 Use case and requirement selection for R16 IIOT
Based on the description in 22.804 and 22.261, the requirements on the potential detailed use cases for URLLC are identified and listed in Appendix A [4], at least including reliability, latency, jitter and synchronization. 
Based on the experience, about 1ms ~ 10ms CN delay can be assumed between UPF and gNB. From point view of E2E latency requirement, some use case should be not considered in this R16 IIOT SID. For example, use case with End-to-end latency target value < 0.5, 0.8, 1ms, which is green highlighted in Annex. It is a challenge to meet the latency requirement. And RAN1 has selected some use cases for reliability and latency enhancement. Considering RAN2/3 study the enhancement should be on the top of the RAN1 performance. Therefore it is better to follow the RAN1 conclusion and further updated based on the discussion in the next RAN1 meeting.

In the factory automation in 5.3.2, there is a requirement “The 5G system shall ensure error-free transmission of a second message within the survival time if the transmission of the previous message failed.” This requirement is not considered by NR R15, therefore it should be considered to meet in R16 IIOT
In the power distribution in 5.6.6, there is stringent requirements on jitter beside the end-to-end latency. Therefore the jitter requirement should be considered to meet in R16 IIOT.
For the time synchronization requirement identified for the Factory automation in 5.3.2 and Electric Power Distribution in 5.6.5 Smart Grid, it is down to the order of a few µs where the value can be 1 us in Appendix A. NR R15 provide the time information in 10 ms units in in SIB 9 in 38.331. Also based on analysis in [3], current Rel-15 NR cannot satisfy the requirement of 1us timing accuracy between UEs. Therefore, this new time synchronization requirement should be considered to meet in R16 IIOT.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Jitter
(ms)
	# of UEs
(per cell)
	Data packet size and traffic model
	Synchronisation clock synchronicity requirement
	Description 

	Transport Industry

(22.186: 5.5)
	[99.999]
	[5] (end to end latency)
	
	[30]


	DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s

UL: [TBD] byte; Periodic with arrival interval [TBD] s 
	
	Remote driving



	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

	actory automation

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

	Rel-15 enabled use case (e.g. AR/VR)
	99.999 
	[1ms] (air interface delay)
	
	1, 5, 10, 20
	[32, 256] bytes 

FTP model 2/3 or periodic with different arrival rates
	
	Companies report the combination of the requirement 


Table 1 Requirements for the identified use cases for Rel-16 NR IIOT evaluation
Note 1: 5G The 5G system shall ensure error-free transmission of a second message within the survival time if the transmission of the previous message failed
Proposal 1: Capture the Table 1 including use case and requirement into TR 38.825.
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Appendix A 
TR 22.804 and TR 22.886 provide detailed description of transport industry, power distribution and factory automation. Based on the description, the detailed use cases for URLLC can be identified and the corresponding requirements are copied below (note that some use cases without clear definition of the requirement related to reliability and latency are not copied here):   

A.3 Clock synchronization service performance requirement (22.804 section 8.1.6)

	clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 
	Use case reference

	1
	 Up to 300 device
	< 1 µs
	≤ 100 m2
	Factories of the Future 2.4

Factories of the Future 5.3

PMSE 1.2, 

Electric Power Distribution 4.1

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	PMSE 3.1

	3
	Up 500 UEs
	< 20 µs
	≤ 2500 m2
	PMSE 2.1


A.2Requirements for remote driving (22.886 section 7.2.5)
According to TR 22.886 and TR 37.885, among the use cases for eV2X, the characteristic of remote driving matches URLLC well, and the corresponding requirements defined in 22.886 for remote driving are as below: 

-------------------------------------------------------------------------------------------------------------------------------
 [CPR.R-001]
The 3GPP system shall support user experienced data rate up to 1 Mbps at DL and 20 Mbps at UL for UE supporting V2X application between V2X application server and UE for an absolute speed of up to 250 km/h.
[CPR.R-002]
The 3GPP system shall support ultra-high UL and DL reliability [99.999 or higher] % for UE supporting safety-related V2X application.
[CPR.R-003]
The 3GPP system shall support end-to-end latency 5 ms between V2X application server and UE supporting safety-related V2X application for an absolute speed of up to 250 km/h.
Table 7.2.5-1 Performance requirements for remote driving

	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.21
	Between a UE supporting V2X application & V2X Application Server.

Driver Control
	[CPR.R-004]
	
	[20]
	[99.999]
	UL: 25

DL: 1
	


-------------------------------------------------------------------------------------------------------------------------------
A.2 Requirements for factory automation and power distribution (Appendix F in 22.804)
In the Appendix F of 22.804, an overview about the characteristics and requirements of the different use cases for Factory Automation is given. URLLC could target for the use cases as below:  

	Use case (Clause #)
	Characteristic parameter (KPI)
	Influence quantity
	Related requirement
	Remark

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

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	40
	1 ms 
	1 ms
	≤ 20 m/s
	≤ 50
	 
	Factories of the Future 2.1, 2., 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	50
	0,5 ms 
	0,5 ms
	≤ 20 m/s
	≤ 20
	 
	Factories of the Future 2.2, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	20
	2 ms 
	2 ms
	≤ 20 m/s
	≤ 100
	 
	Factories of the Future 2.3, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.5
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	1 k
	≤ 4 ms 
	 
	 
	5 to 10
	 
	Factories of the Future 5.1, 5.3, 5.6
	Control-to-control communication (motion subsystems); cyclic interaction; in the future up to 100 UEs. 

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms 
	1 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative robotic motion control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 10 ms 
	1 ms to 10 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; machine control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 50 ms 
	1 ms to 50 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative driving; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	10 ms to 100 ms 
	10 ms to 100 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	15 k to 250 k
	40 ms to 500 ms 
	40 ms to 500 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; standard mobile robot operation and traffic management; cyclic interaction

	5.3.8
	> 99,9999%
	≤ 10 ms
	
	≤ 100 Mbit/s
	 
	 
	 
	 
	 
	 
	Factories of the Future 8.2, 8.10, 8.11
	Massive wireless sensor networks; connection density up to 1/m2; normally, all connected devices are not sending or receiving messages at the same time.

	5.6.4
	≥ 99,9999%
	< 5 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 3.1, 3.2
	Power distribution grid fault and outage management: distributed automated switching for isolation and service restoration for overhead lines; peer-to-peer (here: UE to UE)

	5.6.5
	≥ 99,9999%
	< 10 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 4.2, 4.3
	Smart Grid: synchronicity between the entities

	5.6.6
	
	< transfer interval 
	< 50% of transfer interval
	
	250
	0,8 ms 
	
	
	
	
	Electric Power Distribution 5.1, 5.2, 5.4
	Differential protection; peer-to-peer communication

	5.6.6
	
	< 15 ms
	
	
	
	
	
	
	
	
	Electric Power Distribution 5.3
	Differential protection; peer-to-peer communication

	NOTE: if not stated otherwise per instantiated communication service
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