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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#76 meeting, it has been agreed that any potential new evaluations scenarios should be identified till RAN #79. 

	Phase 1 (till RAN#79)
· Identify improved communication reliability and different latency constraints combinations for both wide and local area deployments [RAN1]
· Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC and the ability to enable the network to operation with a range of reliability targets and latency constraints.
· Identify any potential new evaluations scenarios [RAN1]



In RAN1 #90b meeting, the following requirements were agreed: 
	Agreements
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.



Currently the requirements of latency, reliability and packet size are considered for URLLC service. However, there are some new requirements which are critical to enable the application of URLLC to the identified scenarios. In this contribution, we discuss new scenarios and the potential requirement of time synchronization for URLLC service.  
Discussion
Scenarios and requirements
Discrete manufacturing and smart grid are two important use cases for URLLC. In these use cases, only low latency and high reliability is not enough. The requirement of time synchronization with high accuracy is also essential.
In TR 22.804 it has been agreed in the use case of discrete manufacturing (e.g. motion control and control-to-control) that “ the 5G system shall support a very high synchronicity between a communication group of UEs with the accuracy of 1 µs or below. ” The reason is that different UEs are required to cooperate at exactly the same time as shown in Figure 1. Any unsynchronized actions between the UEs may lead to a damage or interruption in the production line with possibly huge financial loss and safety problem. For example, the motion controller sends a command to the mechanical arm and informs how to act at specified time instant. If it is not synchronized with the controller, the arm will act in a wrong manner over time, which may fail to work or even hurt people. 


Figure 1: Time synchronization between UEs for cooperation
Smart grid is another important use case which benefits from time synchronization. For example, as more and more distributed power source is used, determination of fault location in high-voltage lines is very important for system stability in distribution electricity. As illustrated in Figure 2, the electricity fault will generate two electricity waves at the fault location transmitted towards both ends of the electricity line. The waves can be detected by two UEs in both sides of the fault location. The two UEs record the time of receiving the wave and send the time to the server. As the two waves are generated simultaneously at the fault location, given that the two UEs are synchronized and the distance between them is known, the server can calculate the fault location by the time information. The accuracy of synchronization between the UEs impacts the error of the fault location. In most cases, 1µs accuracy is required to ensure at most 300m deviation in the distance. 

Figure 2: Time synchronization between UEs for fault location in smart grid

For the moment, time synchronization in the industry is realized by wired solution e.g.1588V2@ethernet because GPS is not available indoor. However, as more and more mobile robots are used for flexible manufacturing, time synchronization by 3GPP network is more adaptive due to its better support of mobility. In smart grid, compared with current GPS solution, time synchronization by 3GPP network is advantageous owing to its low cost and high availability since GPS is more expensive and may be unavailable as a result of bad weather or its location. 
Time synchronization between UEs can be realized through the eNB. Since the cellular network is a star network, the eNB can act as a common time synchronization source. All the UEs are synchronized with the eNB to achieve indirect time synchronization between the UEs. Note that the time synchronization we are discussing here means the alignment of absolute time, which is different from the synchronization with PSS&&SSS. In LTE, the synchronization with PSS&&SSS between UE and eNB is used for demodulation by aligning the boundary of the symbol and the frame. The synchronization accuracy is within the CP range. However, it is not absolute time synchronization and can’t fulfil the requirement of time synchronization between UEs. 
Proposal 1:  Support the requirement of synchronization of the absolute time between UEs with an accuracy of 1 µs. e.g. for URLLC scenarios of mobile robots and fault location in smart grid.


Time Synchronization with high accuracy
In LTE, the UE can perform absolute time synchronization with the eNB by receiving SIB16 which is introduced in Rel-11 . Broadcasting system time via SIB16 is beneficial to various use cases such as GNSS, eMBMS, DASH and local time provisioning. In the SIB16, the timeInfoUTC is the coordinated universal time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted [2]. The field counts the number of UTC seconds in 10 ms units. The UE can also obtain the GPS time and local time from the UTC time and other fields. Obviously, the accuracy of SIB16 can’t satisfy the requirement of time synchronization in the new scenarios we mentioned above.  
[image: ]

Observation1: SIB16 can’t satisfy the requirement of time synchronization between UEs with 1µs accuracy.

Proposal2: Provide synchronization of the absolute time between UEs with an accuracy of 1 µs by broadcasting time information in SIB.
Proposal3: Send a LS to RAN2 to inform RAN2 about the agreement of RAN1 to fulfil the requirement and ask RAN2 to confirm the feasibility of supporting the absolute time synchronization between UEs with an accuracy of 1 µs by enhancing the accuracy of broadcasted time information.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the requirements on URLLC use cases, and made following observations and proposals:
Proposal 1:  Support the requirement of synchronization of the absolute time between UEs with an accuracy of 1 µs. e.g. for URLLC scenarios of mobile robots and fault location in smart grid.
Observation1: SIB16 can’t satisfy the requirement of time synchronization between UEs with 1µs accuracy.
Proposal2: Provide synchronization of the absolute time between UEs with an accuracy of 1 µs by broadcasting time information in SIB.
Proposal3: Send a LS to RAN2 to inform RAN2 about the agreement of RAN1 to fulfil the requirement and ask RAN2 to confirm the feasibility of supporting the absolute time synchronization between UEs with an accuracy of 1 µs by enhancing the accuracy of broadcasted time information.
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SysteminformationBlockType16 information element.
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