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Introduction
In the RAN2 #106 meeting, discussion of timing synchronization for IIOT scenario has been made, and following agreements have been made:SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided by broadcast signalling (as in LTE)
The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future, in case the time reference information is provided by unicast signalling 
Signalling to support 10ns granularity. 
R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 
“00:00:00 on Gregorian calendar date 6 January 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used (as in LTE).
The field used for reference time information delivery is excluded from estimation of changes in system information.
Specify uncertainty parameter in the reference time information in NR, encoding FFS
We will have the clock type field, similar to LTE. R2 considers that this have no relation to ongoing discussions in SA2 on TSC 
Send an LS to RAN1 acc to P9


Also, according to the S2-1906611, SA2 has captured following agreements in the TR 23.734:8.X	Conclusion for key issue 3.2
To enable support for TSN time synchronization, the following solution and principles are agreed for normative work:
-	Solution# 28A is adopted for time synchronization of external TSN time domains via (g)PTP protocols between TSN translator functions at the side of UPF and UE.
-	Whether the reference time of the TSC AI parameters, is based on the 5G GM clock or the external TSN GM clock will be resolved in normative phase.


In the last RAN2 #106 meeting, a related baseline CR [1] has also been endorsed, but the uncertainty-r16 IE is left as FFS.
In this contribution, we aim to address our views on the design of TimeReferenceInfo IE including ReferenceTime-r16 and uncertainty-r16, bearing in mind that solution#28A is adopted for time synchronization. 
Discussion
The detailed workflow of solution #28A has been given in TR 23.734, as follows:

     
Figure 1: Distribution of TSN clock and time-stamping within 5G system
Specifically, both of 5G timestamps when the message arrives at the 5G ingress (TSi) and the 5G egress (TSe) should be collected to derive the processing time of gPTP message (5GS residence time) in the 5G system, as indicated in the Figure 1:
5GS residence time = TSe-Tsi                             (1)
In order to let the derivation of the 5GS residence time be precise, the 5G internal timing synchronization is required and should be maintained at a high level. Suppose that timing synchronization error between the egress and ingress point of the 5G system is denoted as , then equation (1) should be updated as:

5GS residence time =                      (2)
where  denotes the true value of  when the 5G internal clocks are perfectly synchornized. It could be found that the accuracy of 5GS residence time and thereby the clock information delivered to the lef-hand TSN node is highly dependent on . the timing synchronization error could comes from two sources: the delivery of the TSN time information between gNB and UPF and the delivery of the TSN time information between gNB and UE over the air interface. Among them, the time error emerged from the latter one contributes the majority part of , as stated in [2]:
“A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us).”
It could be found from the above analysis, optimistically, the time error introduced by taking into account the 5GS residence time is lower than 1, which meets the requirement of IIOT use scenario as indicated in the Table 1. However, in some cases, such as sudden occurrence of a blockage in the radio wave propagation path,  might be increased and the timing synchronization accuracy is deteriorated. 
Observation 1: the 5G internal timing synchronization accuracy might be deteriorated, which has serious impact on the performance of TSN timing synchronization via 5G system. 
In [3], uncertainty IE is used to indicate the number of LSBs which may be inaccurate in the defined refQuarterMicroSeconds field. The value of this IE ranges from 0 to 12. Suppose for example the value of uncertainty IE is equal to 2, which implies that the LTE system is not sure the LSBs are ‘00’, ‘01’, ‘10’, or ‘11’. In the worst case, if the true value is ‘00’ but in practice ‘11’ is applied, then the maximum timing error is  For conclusion, if the uncertainty IE set to be n, the maximum time error could be represented as follows:
                 (3)
If n is set by the system to be 12 (the maximum value), then the maximum time error is 1.024 ms. In our opinion, this mechanism, taking advantage of the uncertainty IE, could be re-used for the Rel-16 NR to notify the UE of the maximum time error of timing synchronization.
Observation 2: taking advantage of the uncertainty IE, could be re-used for the Rel-16 NR to notify the UE of the maximum time error of timing synchronization.
In [4], the clock accuracy requirement has been given as follows:
	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 devices
	< 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


Table 1: Clock synchronisation service performance requirement
As could be found in the table, the most stringent clock synchronization requirement is 1µs, while the most relaxed clock synchronization requirement is 20 µs. As a result, in our opinion, if the system is designed to provide clock synchronicity service with different accuracy levels simultaneously, the uncertainty IE for the Rel-16 5G NR should be defined such that the value  derived from the IE should be at least 20 µs. In the case that  derived from the uncertainty IE is 20 µs, then the UE would know that the clock synchronicity service with even the lowest accuracy level could not be provided by the 5G system temporarily. In order to achieve that, bearing in mind that the granularity of the clock information has been agreed to be 10 ns, then maximum value range of uncertainty IE adopted in the Rel-16 5G NR should at least satisfy the following requirement:

As could be found, the maximum value of uncertainty IE, n, should be at least 11.
Proposal 1: the value of uncertainty IE included in the TimeReferenceInfo IE should range from 0 to n, where n should be a integer of at least 11 to embrace the most relaxed clock synchronization requirement for IIOT.
As a result, when it comes to the design of the ReferenceTime-r16 IE, there exist two choices in our mind. The first one is suitable if inheriting the range of uncertainty IE, 0~12, used in the LTE Rel-15 36.331 is required for Rel-16 5G NR. Another choice is based on selection of [0, 11] to be the value range of uncertainty IE. Note that the maximum value of uncertainty IE also has impact on the value range of the time unit with the finest granularity, reftenNanoSeconds-r16, included in the ReferenceTime-r16 for 5G-NR.

As a result, the first choice of defining TimeReferenceInfo IE could be follows:
    -- ASN1START

TimeReferenceInfo-r16 ::=		SEQUENCE {
	time-r16							ReferenceTime-r16,
	uncertainty-r16						INTEGER (0..12)				OPTIONAL,	-- Need OR
	timeInfoType-r16					ENUMERATED {localClock}		OPTIONAL,	-- Need OR
	referenceSFN-r16					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	reffourtyMicroSeconds-r16		INTEGER (0..24999),
	reftenNanoSeconds -r16			INTEGER (0..3999) 
}

-- ASN1STOP


The second choice of defining TimeReferenceInfo IE could be follows:

    -- ASN1START

TimeReferenceInfo-r16 ::=		SEQUENCE {
	time-r16							ReferenceTime-r16,
	uncertainty-r16						INTEGER (0..11)				OPTIONAL,	-- Need OR
	timeInfoType-r16					ENUMERATED {localClock}		OPTIONAL,	-- Need OR
	referenceSFN-r16					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

[bookmark: _Hlk14687484]ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	reftwentyMicroSeconds-r16		INTEGER (0..49999),
	reftenNanoSeconds -r16			INTEGER (0..1999)
}

-- ASN1STOP

Note that the number of bits applied to represent clock information (ReferenceTime-r16 IE) for these two definition ways are the same: 61.

Proposal 2: ask RAN2 to down select the definition of the TimeReferenceInfo IE from the two choices from shown above, with the major deference lies on the value range of uncertainty-r16 IE to be defined.
Conclusion
Based on the discussion above, we made the following observations and proposals:
Observation 1: the 5G internal timing synchronization accuracy might be deteriorated, which has serious impact on the performance of TSN timing synchronization via 5G system. 
Observation 2: taking advantage of the uncertainty IE, could be used for the Rel-16 NR to notify the UE of the maximum time error of timing synchronization.
Proposal 1: the value of uncertainty IE included in the TimeReferenceInfo IE should range from 0 to n, where n should be a integer of at least 11 to embrace the most relaxed clock synchronization requirement for IIOT.
Proposal 2: ask RAN2 to down select the definition of the TimeReferenceInfo IE from the two choices from shown above, with the major deference lies on the value range of uncertainty-r16 IE to be defined.
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