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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]. The identified use cases with higher requirement for Rel-16 IIoT 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 discusses the prioritized requirements and study scope for the identified use cases.
2 Discussion
Based on the description in TR22.804 [2] and TR22.261 [3], the requirements on the potential detailed use cases for IIoT are discussed in RAN2 103bis. In reply liaison [4] to SA2, table 1 is used to indicate the applicable requirements for IIoT.

Table 1 use case and requirement for R16 NR IIOT

	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


2.1 Communication service availability

It can be observed that one of the most stringent requirements is communication service availability of 99,999999%. In [2], communication service availability is defined as “percentage value of the amount of time the end-to-end communication service is delivered according to an agreed QoS, divided by the amount of time the system is expected to deliver the end-to-end service according to the specification in a specific area.” In TR37.910 [5], URLLC DL and UL reliability are evaluated and reliability is defined as “reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.”

Reliability cannot be directly translated into communication service availability. Through high layer redundancy such as PDCP duplication and application layer replication, the communication service availability can be improved. Nevertheless the achievable communication service availability relies upon achievable lower layer reliability. 
RAN1 is, within R16 eURLLC SI, studying the reliability enhancement for the requirement fulfillment in TR22.804. RAN1#94bis meeting has updated that the use cases listed in Table 2 are selected as the starting point for further discussion. One can notice that in Motion Control use cases, the packet size is 32 bytes and for other use cases, the packet size can be 100 bytes, 250 bytes and much larger. Even for Motion Control use case, chapter 5.3.6.6 of TR22.804 states that the packet size can be from 40 bytes to 250 bytes. It is worth to discuss whether high reliability fulfillment should be studied for the larger packet size. Also it is noticeable that RAN1 hasn’t cover the case of a-periodic traffic (IV in table 1). 
Table 2 use case and requirement for Rel-16 NR URLLC
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

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

	
	99.999 
	15(end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:

250 bytes  

Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 

	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
Note: 1 ms air interface latency 
	DL & UL:

32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:

4096, 10 K
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

(22.186: 5.5)
	99.999
	5 (end to end latency)
Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 



	Transport Industry

(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)


Observation 1: Till now RAN1 R16 eURLLC study is focusing on the reliability requirement for the period traffic. It can be discussed if RAN1 needs to evaluate larger packet size e.g. 50 bytes.
RAN1 needs to provide the feedback on whether the requirement in these first 3 cases in Table 1 can be achieved by current NR or enhancement as part of L1 URLLC enhancements SI. Meanwhile RAN2 can study the higher layer redundancy including PDCP duplication with more than 2 copies independently on the RAN1 enhancement. RAN2 should study the communication service availability enhancement on top of the RAN1 reliably performance. For case III, the assessment of gain for the PDCP duplication with more than 2 copies leveraging (combination of) DC and CA can be further evaluated in RAN2 without RAN1 feedback. For this case, as the packet size is small, it is foreseen that lower layer reliability can be achieved according to [5]. 

Proposal 1: RAN2 IIoT evaluation study to consider the typical use cases and requirements for periodic and a-periodic traffic as identified in Table 1. Ask RAN1 whether 50 bytes packet size is to be considered.
2.2 Survival time
In addition to the reliability and latency requirement identified, in the factory automation in 5.3.2.6 of TR22.804, 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 in R16 IIOT.
Proposal 2: Consider error-free transmission of a second message within the survival time if the transmission of the previous message failed.
2.3 Clock synchronization

In TR22.804, 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. NR R15 provide the time information in 10 ms units in in SIB 9. Based on analysis in [6], current Rel-15 NR cannot satisfy the requirement of 1us timing accuracy between UEs. Therefore, this new time synchronization requirement should be considered in R16 IIOT.
Proposal 3: Consider the time synchronization requirement <1 us.
According to analysis above, the requirement consideration in R16 NR IIOT is updated in Table 3. 

Table 3 use case and requirement for R16 NR IIOT
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
Note1
	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
Note1
	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
Note1
	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


Note 1: The 5G system shall target error-free transmission of a second message within the survival time if the transmission of the previous message failed.

Table 4 Clock synchronization requirement
	Case
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 
	Use case 

	I, II, III
	 Up to 300 device
	< 1 µs
	≤ 100 m2
	


Proposal 4: Capture the Table 3 and 4 including use cases and requirements into TR 38.825.
3 Conclusion

The contribution discusses the prioritized requirements and study scope for the identified use cases.
Proposal 1: RAN2 IIoT evaluation study to consider the typical use cases and requirements for periodic and a-periodic traffic as identified in Table 1. Ask RAN1 whether 50 bytes packet size is to be considered.
Proposal 2: Consider error-free transmission of a second message within the survival time if the transmission of the previous message failed.
Proposal 3: Consider the time synchronization requirement <1 us.
Proposal 4: Capture the Table 3 and 4 including use cases and requirements into TR 38.825.
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5  Text Proposal to TR 38.825 

6.3
TSN performance evaluation
6.3.1
Requirements

The requirements on the potential detailed use cases are identified, and listed as below for further study.
Table X use case and requirement for R16 NR IIOT
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
Note1
	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
Note1
	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
Note1
	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


Note 1: The 5G system shall target error-free transmission of a second message within the survival time if the transmission of the previous message failed.

Table Y Clock synchronization requirement
	Case
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 
	Use case 

	I, II, III
	 Up to 300 device
	< 1 µs
	≤ 100 m2
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