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1 Introduction

The SID of NR Industrial Internet of Things (IoT were approved in RAN#81 [1]. In which, the following objective is included:
	1) L2/L3 enhancements:

...

2) Time Sensitive Networking related enhancements:

a) Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

b) Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

...


In RAN2 #103bis, the following agreements is approved[2]:

Agreements for the SA2 LS reply

From RAN2 perspective: 

1 
We prefer Black Box approach and will indicate this to SA2.

2
Handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.

3
SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.

In this contribution, we will discuss the detailed issues related to accurate reference riming delivery in Time Sensitive Networking related enhancements.
2 Discussion
In NR IIoT use case of factory automation or automation control, 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[3]. So, timing synchronization between UEs is necessary. In SA2, the Clock synchronization service performance requirement is specified as in Table 1[4]:
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Figure 1 Timing Synchronization between UEs
Table 1: Clock synchronization service performance requirement
	clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronization
	Synchronization clock synchronicity requirement 
	Service area 

	1
	Up to 300 device
	< 1 µs
	≤ 100 m2

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2

	3
	Up 500 UEs
	< 20 µs
	≤ 2500 m2


To synchronize the clock timing between UEs, the ordinary method is to align the clock timing between gNBs and align the clock timing between gNB and UE. To align the clock timing between gNBs, an accurate reference timing should be delivered to gNB; and to align the clock timing between gNB and UE, a reference timing,  an accurate reference timing should be delivered from gNB to UE. 

#Issue 1: Reference timing delivery from gNB to UEs 
The clock timing synchronization between UEs in the same gNB has already been specified in E-UTRAN(e.g. gNB can deliver the clock timing information to UE by SIB or RRC signalling, and the accuracy of clock timing information can be 1/4 µs[5]). Take the ordinary 3 sector cells in one gNB as an example, the cell radius and the transmission delay of SIB or RRC signalling corresponding to the service area in the Clock synchronization service performance requirement will be as in Table 2.

Table 2 The cell radius and the delay of SIB or RRC signalling corresponding to the service area
	clock synchronicity accuracy level 
	Synchronization clock synchronicity requirement 
	Service area 
	cell radius
	Transmission delay of SIB or RRC signalling

	1
	< 1 µs
	≤ 100 m2
	10 m
	1/30 µs

	2
	< 10 µs
	≤ 2500 m2
	50 m
	1/6 µs

	3
	< 20 µs
	≤ 2500 m2
	50 m
	1/6 µs


Thus, with the similar E-UTRAN clock timing synchronization mechanism, the timing synchronization accuracy between UEs in the same gNB can meet the clock synchronization service performance requirement as long as the Uu synchronization accuracy can meet the accuracy requirement that shown in table 3.

Table 3 Uu Synchronization accuracy requirement

	clock synchronicity accuracy level 
	Synchronization clock synchronicity requirement 
	Service area 
	Uu Synchronization Accuracy requirement

	1
	< 1 µs
	≤ 100 m2
	≤ 0.36 µs

	2
	< 10 µs
	≤ 2500 m2
	≤ 4.8 µs

	3
	< 20 µs
	≤ 2500 m2
	≤ 9.8 µs


Observation 1: The timing synchronization accuracy between UEs in the same gNBs can meet the clock synchronization service performance requirement as long as the Uu synchronization accuracy ≤ 0.36 µs if cell radius <10m, and the Uu synchronization accuracy ≤ 4.8 µs if cell radius <50m.

In Ls R2-1815707[6], it already requests RAN1 to provide feedback on what the achievable time synchronization accuracy over Uu interface. 

Observation 2: The Uu synchronization accuracy depends the RAN1 feedback.

Proposal 1: The clock timing delivery mechanism in E-UTRAN Uu interface is used as the baseline for NR-IIoT to synchronize the clock timing from gNB to UE.

In E-UTRAN, the reference timing delivery over Uu interface includes the following information[5]:

	TimeReferenceInfo-r15 ::=

SEQUENCE {


time-r15






ReferenceTime-r15,


uncertainty-r15





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r15




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r15




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef

}

ReferenceTime-r15 ::=


SEQUENCE {


refDays-r15






INTEGER (0..72999),


refSeconds-r15





INTEGER (0..86399),


refMilliSeconds-r15




INTEGER (0..999),


refQuarterMicroSeconds-r15


INTEGER (0..3999)

}

TimeReferenceInfo field descriptions

referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.

If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.
uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.

Conditional presence

Explanation

TimeRef

The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.




That’s, the time field always indicates a SFN ending boundary. In NR, the SFN0 start point is usually defined as a integer time point(e.g. 1900-01-01, 00h-00m-00s), and step by 1 per 10ms with 1024 wraparound. If the SFN0 start point is defined with more accuracy(e.g, with 0.1µs accuracy as 1900-01-01, 00h-00m-00s-000ms-000.00µs) , then the SFN ending boundary will always be aligned with 10ms boundary accuracy with 0.1µs. In fact, in NR-IIoT TSN network, the gNB can obtain the clock timing with accuracy of 0.1µs at least from Sattelite time reference (e.g. GPS, GNSS etc). Based on this, the time field need accuracy only with 10ms, and the left accuracy below 10ms can be implemented by alignment between SFN boundary and 10ms boundary, and the reference timing delivery over Uu interface need only include the following information:

	TimeReferenceInfo-r15 ::=

SEQUENCE {


time-r15






ReferenceTime-r15,


timeInfoType-r15




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r15




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef

}

ReferenceTime-r15 ::=


SEQUENCE {


refDays-r15






INTEGER (0..72999),


refSeconds-r15





INTEGER (0..86399),


refMilliSeconds-r15




INTEGER (0..99),

}


Observation 3: clock timing with accuracy of 0.1µs can be obtained in NR-IIoT TSN network.

Observation 4: The SFN ending boundary can be aligned with 10ms boundary with 0.1µs accuracy in NR-IIoT TSN network.

Proposal 2: Based on the baseline for NR-IIoT to synchronize the clock timing from gNB to UE, some optimization can be done

Proposal 2a: The gNB can deliver the clock timing to UEs with accuracy of 10ms by SIB or RRC dedicated signalling, and the left accuracy below 10ms is implemented by alignment between SFN boundary and 10ms boundary.

Proposal 2b: The SFN boundary and 10ms boundary is aligned with 0.1µs accuracy in NR-IIoT TSN network.
Taken into account the accuracy requirement of  <1 us synchronicity requirement, it means that the timing delivery delay over Uu interface +  accuracy of clock timing + Uu synchronization accuracy *2  should be less than 1 us. 

In which,  the timing delivery delay over Uu interface can refer to table 2; the Uu synchronization accuracy should be provided by RAN1. and based on these information, the accuracy of clock timing can be concluded.

Observation 5: The accuracy of clock timing between UE and eNB depends on the Uu synchronization accuracy to be provided by RAN1, and the timing delivery delay over Uu interface +  accuracy of clock timing + Uu synchronization accuracy *2  should be less than 1 us.

#Issue 2:  Reference timing delivery to gNB
In Ls R2-1815707[6], it is already to request SA2 to provide the feedback on whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases.
Observation 6: Whether the timing synchronization accuracy between UEs in different gNB should be studied depends on the SA2 feedback.

If the SA2 feedback that <1 us synchronicity requirement is meant for both intra- and inter-gNB cases, then the timing synchronization accuracy between UEs in different gNB should be studied.

If the timing synchronization accuracy between UEs in same gNB can met the Clock synchronization service performance requirements, then the timing synchronization accuracy between UEs in different gNB can also met the requirement if reference timing are synchronized between gNBs(e.g. a accurate reference timing is delivered to gNBs), which only involves RAN3 research.

Proposal 3: If the SA2 feedback that <1 us synchronicity requirement is meant for both intra- and inter-gNB cases, the reference timing delivery to gNBs should be studied in RAN3.

3 Conclusions

In this contribution, we have discussed the issues related to accurate reference timing delivery in Time Sensitive Networking related enhancements. We make the following observations and proposals:

Observation 1: The timing synchronization accuracy between UEs in the same gNBs can meet the clock synchronization service performance requirement as long as the Uu synchronization accuracy ≤ 0.36 µs if cell radius <10m, and the Uu synchronization accuracy ≤ 4.8 µs if cell radius <50m.

Observation 2: The Uu synchronization accuracy depends the RAN1 feedback.

Observation 3: clock timing with accuracy of 0.1µs can be obtained in NR-IIoT TSN network.

Observation 4: The SFN ending boundary can be aligned with 10ms boundary with 0.1µs accuracy in NR-IIoT TSN network.

Observation 5: The accuracy of clock timing between UE and eNB depends on the Uu synchronization accuracy to be provided by RAN1, and the timing delivery delay over Uu interface +  accuracy of clock timing + Uu synchronization accuracy *2  should be less than 1 us.

Observation 6: Whether the timing synchronization accuracy between UEs in different gNB should be studied depends on the SA2 feedback.

Proposal 1: The clock timing delivery mechanism in E-UTRAN Uu interface is used as the baseline for NR-IIoT to synchronize the clock timing from gNB to UE.

Proposal 2: Based on the baseline for NR-IIoT to synchronize the clock timing from gNB to UE, some optimization can be done

Proposal 2a: The gNB can deliver the clock timing to UEs with accuracy of 10ms by SIB or RRC dedicated signalling, and the left accuracy below 10ms is implemented by alignment between SFN boundary and 10ms boundary.

Proposal 2b: The SFN boundary and 10ms boundary is aligned with 0.1µs accuracy in NR-IIoT TSN network.

Proposal 3: If the SA2 feedback that <1 us synchronicity requirement is meant for both intra- and inter-gNB cases, the reference timing delivery to gNBs should be studied in RAN3.
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