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1. Introduction

In this paper, we discuss the potential UE reliability to improve E2E URLLC traffic reliability.
2. Discussion 
As an integral part of the overall industry 4.0 architecture, the wireless communication system is an important venue that provides timely and reliable message transmission and reception services. Until now, one of the well-discussed important service performance requirement is defined as communication service availability (CSA). This has been captured by 3GPP SA1 in [1]:
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CSA =
the total amount of time the system is expected to deliver the end-to-end service





The CSA requirement is the combination of latency, survival time and reliability requirement for 5G system. An example of the relationship between network reliability and communication service availability of a logical link when survival time is equal to transfer interval is illustrated in the following Table 1. 
Table 1 Example of relationship between communication service availability and reliability [1]
	Communication service availability
	Reliability
( as defined in TS 22.261)[image: image2.png]




	99,9999 %
	99,9 %

	99,999999 %
	99,99 %

	99,99999999 %
	99,999 %

	99,9999999999 %
	99,9999 %

	99,999999999999 %
	99,99999 %


Table 2 Periodic deterministic communication service performance requirements [1]
	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Service bit rate: user experienced data rate (note 12a)
	Message size [byte] (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	UE 
speed (note 13)
	# of UEs
	Service area 
(note 3)
	Remarks

	99,999 % to 99,99999 %
	~ 10 years


	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 %
	–
	< 5 ms
	1 kbit/s (steady state)
1,5 Mbit/s (fault case)
	< 1500
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	stationary
	20
	30 km x 20 km
	Electrical Distribution – Dis​tributed automated switch​ing for isolation and service restoration (A.4.4); (note 5) 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 10 ms
	10 ms
	-
	5 to 10
	100 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2); (note 9)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value (note 5)
	50 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x 30 m x 10 m
	Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value (note 5)
	250 Mbit/s
	
	≤ 1 ms
	3 * transfer interval
	stationary
	2 to 5
	100 m x

30 m x 10 m
	Wired-2-wireless 1 Gbit/s link replacement (A.2.2.4)

	……
	……
	……
	……
	……
	……
	……
	……
	……
	……
	……


The requirements of typical industry use cases on timeliness and availability of the communication service are shown in Table 2 from [1]. For the motion control case, we can see the stringent requirement of CSA is 99,999 % to 99,99999 %, and communication service reliability (mean time between failures) is about 10 years. Therefore, it requires ultra-reliability for wireless communication system. 
To ensure the high reliability of Uu transmission as shown in Figure 2, DC/CA PDCP duplication for URLLC is introduced in Release 15. In Release 16, NR URLLC is further enhanced to improve the reliability of N3 transmission link and the equipment reliability of RAN and UPF. And for release 17, the enhancement is also mainly about transmission link. However, the UE reliability has not been addressed, which is also essential in some industrial situation. Generally, a UE may break down after a long time work due to software or hardware reason, the UE reliability has large impact on E2E traffic reliability. For example, when a UE is broken, the control system connected to network via this UE might not be able to maintain stability and thus would trigger preventive measure such as production line breakdown. The reliability of UE is relatively low due to the relatively low cost.
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Figure 2 Reliability enhancement of URLLC in R15 and R16 
Observation 1: UE reliability is an important aspect to enhance the URLLC traffic reliability but it is not yet addressed in standards. 
To avoid the impact of UE breakdown, UE backup architecture, as shown in Figure 3, is used traditionally. In this architecture, service data is duplicated to two UEs simultaneously at application layer and transmitted by the two UEs to target node, and the application layer of the target node is responsible for duplicate discarding and re-ordering. In this architecture, the UE reliability can be improved largely. However, double UE power resource, Uu radio resource, transport resource, processing resource are needed for this. 
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Figure 3 Traditional UE backup architecture
Observation 2: Traditional UE backup architecture can guarantee UE reliability, but with high cost of Uu radio resource, transport resource, processing resource. 
In URLLC scenario, to ensure ultra-reliability requirement within the strict latency bound, the system efficiency for URLLC is much lower than eMBB due to limited or even no HARQ retransmission and using conservative scheduling to counter interference fluctuation. Because of this, the current network capacity of supporting URLLC links simultaneously is limited. Then, this traditional UE backup architecture will further reduce the network capacity. Hence, it is necessary to study and specify a high efficient UE backup scheme to improve UE reliability without negative impact on network capacity.

Observation 3: URLLC scenario has the requirement of high efficient UE backup scheme to guarantee E2E reliability without significant impact on capacity.
[image: image5.png]



Figure 4 High efficient UE backup architecture illustration
Figure 4 illustrates a potential high-efficient UE backup scheme, in which UE2 takes over UE1 work only when UE1 breaks down although the traffic data is duplicated to two UEs at the same time. In this way, only one Uu resource, transport resource, processing resource will be used. Due to the fact URLLC has strict latency and packet transmission reliability requirement, the taking over procedure should be finished within very short time (at least at survival time level) and without data loss to ensure no impact on traffic continuity. To achieve this, the following aspects could be studied:
· Backup UE association mechanism: After network realize the backup relationship between two UEs, RAN could indicate another UE to take over the transmission after UE1 failure occurs.
· Fast failure detection mechanism: The failure detection could be based on Uu interface (performed by RAN node), PC5 interface (performed by UE2), or other implementation scheme (e.g. heartbeat packet mechanism). The time of failure detection is critical to ensure backup UE taking over within survival time.

· Low latency and seamless taking over mechanism: If the same packet sequence number can be guaranteed between two UEs, RAN node can indicate backup UE to transmit the rest unsent packets of the breakdown UE in sequence to ensure no data loss.

In summary, we have the following proposal:
Proposal 1: To guarantee E2E traffic reliability and high Uu resource efficiency, study high efficient UE backup scheme in Rel-18 and the following potential aspects can be considered.
· Study Backup UE association mechanism;

· Study fast failure detection mechanism;

· Study low latency and seamless taking over mechanism.

3. Conclusions
In conclusion, we have the following observations and proposal 

Observation 1: UE reliability is an important aspect to enhance the URLLC traffic reliability but it is not yet addressed in standards. 
Observation 2: Traditional UE backup architecture can guarantee UE reliability, but with high cost of Uu radio resource, transport resource, processing resource. 
Observation 3: URLLC scenario has the requirement of high efficient UE backup scheme to guarantee E2E reliability without significant impact on capacity.
Proposal 1: To guarantee E2E traffic reliability and high Uu resource efficiency, study high efficient UE backup scheme in Rel-18 and the following potential aspects can be considered.

-
Study Backup UE association mechanism;

-
Study fast failure detection mechanism;

-
Study low latency and seamless taking over mechanism.
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