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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2#104 meeting, some agreements for TSN have been achieved as below:
We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 
0.25us granularity can be starting point, FFS finer granularity than 0.25us
In this contribution, we intend to further discuss the TSN related issues, including accuracy of dedicated signaling based and SIB based solutions, the propagation delay in air-interface, and the required granularity of reference time.
Discussion
0. [bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK11][bookmark: OLE_LINK10]Accuracy of Dedicated Signaling Based and SIB Based Solutions
Using LTE HRLLC solution, the network could provide timing reference to UE in two types:
One is via dedicated signaling: 
· use TimeReferenceInformation，includes IE TimeReferenceInfo-r15:
· [bookmark: OLE_LINK111][bookmark: OLE_LINK112]If no uncertainty is configured, UE shall calculate timing reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo and inform upper layers;
· [bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK113]If uncertainty is included, UE shall calculate inaccuracy of the timing reference based on uncertainty value and other implementation-related inaccuracies, and inform upper layers of the time reference and of the inaccuracy of the time reference.
Another is via system information：
· [bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK126]Introduce TimeReferenceInfo-r15 which is 0.25us units in addition to the primary SIB16 which is 10 ms units.
No matter dedicated signaling or system information, both include the IE TimeReferenceInfo-r15, which related parameters are listed below:
[bookmark: _Toc525856859]–	TimeReferenceInfo
TimeReferenceInfo information elements
-- ASN1START

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)
}

-- ASN1STOP

	TimeReferenceInfo field descriptions

	referenceSFN
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]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.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]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.



[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK67][bookmark: OLE_LINK68]Corresponding to the sentence highlighted in yellow, the effective reference time will be tied to a specific SFN boundary for both solutions of dedicated signaling and system information, the specific SFN is either at a SI-window end boundary or indicated by the field referenceSFN. The IE of ReferenceTime-r15 is used in both solutions of dedicated signaling and system information, which has the minimum unit of 0.25 us.
[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Observation1: The accuracy has no difference between signaling based and system information based reference time delivery solutions.
[bookmark: OLE_LINK335][bookmark: OLE_LINK336]For dedicated signaling based solution, some advantages may be considered compared to SIB based solution:
· The RRC message of TimeReferenceInformation uses RLC AM mode, and the security of ciphering and integrity protection could be ensured;
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Since not all UEs need the enhanced time synchronization, the use of dedicated signaling to convey synchronization information is seen to be advantageous compared to a SIB based distribution method, and only certain types of UEs can receive this time reference information.[1][2]
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Observation 2: Compared to broadcast, unicast solution is reliable and could aim at certain types of UEs.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK189]Proposal 1: Both dedicated signaling based and system information based reference time delivery solutions should be introduced in NR IIoT.
0. Granularity of Reference Time
TR22.804 [3] defines three clock synchronicity accuracy levels with range of 1µs to 20µs for different use cases as shown in Tables 1. 
Table 1. Clock synchronization service performance requirement in TR22.804
	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 device
	< 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




Currently 0.25us granularity could be achieved based on the agreement in last meeting:
We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 
If finer granularity than 0.25 µs is needed, it should depend on the SA2 requirement. Since the minimum synchronicity requirement in 22.804 is < 1 µs, current granularity has already satisfied such requirement.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 2: If SA2 has no additional requirement, granularity of 0.25 µs in RRC signaling is enough.
0. [bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK100][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK152]Propagation Delay
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK75]Since the UE and gNB may have different locations, the propagation delay exists. UEs in different locations may have different propagation delays and the resulting inaccuracy must be assessed.











[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In case of random access response, a TA command for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with subcarrier spacing of  kHz is . In other cases, a TA command for a TAG indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, [4].


[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK56][bookmark: OLE_LINK57]The timing error caused by TA granularity decreases with increasing of SubCarrierSpacing. When SubCarrierSpacing is 15kHz, the granularity of TAC is 0.52us resulting in a maximum propagation delay inaccuracy due to TAC granularity of +/- 0.26us [5]. However, as shown in Table 1, the most stringent timing accuracy requirement is 1us for a corresponding service area ≤ 100 m2 (~5.5m radius circle), in which case, the propagation delay does not exceed 0.02us. Hence, in such scenario, gNB will always indicate  = 0, and there is no granularity issue.



Figure 1 Uplink-downlink timing relation
Observation3: For the lowest SubCarrierSpacing 15kHz, the granularity of TA indication can satisfy the timing accuracy requirement of IIoT. 
[bookmark: OLE_LINK32][bookmark: OLE_LINK43]Proposal 3: The necessity of TA mechanism enhancement in UP is unseen.
Conclusion
According to the analysis in Section 2, we propose:
Observation1: The accuracy has no difference between signaling based and system information based reference time delivery solutions.
Observation 2: Compared to broadcast, unicast solution is reliable and could aim at certain types of UEs.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 1: Both dedicated signaling based and system information based reference time delivery solutions should be introduced in NR IIoT.
[bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK339][bookmark: _GoBack]Proposal 2: If SA2 has no additional requirement, granularity of 0.25 µs in RRC signaling is enough.
Observation3: For the lowest SubCarrierSpacing 15kHz, the granularity of TA indication can satisfy the timing accuracy requirement of IIoT.
 Proposal 3: The necessity of TA mechanism enhancement in UP is unseen.
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