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Introduction
The new WID of NR Industrial Internet of Things (IoT) was approved in RAN#83[1]. In which, the following objective is included:
	...
3． The detailed objectives for NR TSC-related enhancements include:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


In this contribution, we will discuss the detailed issues related to accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signaling.
Discussion
For reference, the EUTRA Rel-15 accurate reference timing delivery signaling is as follows:
	DLInformationTransfer message
-- ASN1START
DLInformationTransfer ::=			SEQUENCE {
	...
	timeReferenceInfo-r15			TimeReferenceInfo-r15				OPTIONAL,	-- Need ON
	...
}
-- ASN1STOP
...
SystemInformationBlockType16 information element
-- ASN1START

SystemInformationBlockType16-r11 ::=		SEQUENCE {
	timeInfo-r11							SEQUENCE {
		timeInfoUTC-r11						INTEGER (0..549755813887),
		dayLightSavingTime-r11				BIT STRING (SIZE (2))		OPTIONAL,	-- Need OR
		leapSeconds-r11						INTEGER (-127..128)			OPTIONAL,	-- Need OR
		localTimeOffset-r11					INTEGER (-63..64)			OPTIONAL	-- Need OR
	}																	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING				OPTIONAL,
	...,
	[[	timeReferenceInfo-r15				TimeReferenceInfo-r15	OPTIONAL	-- Need OR
	]]
}
...
[bookmark: _Toc535571685]–	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
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. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
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.





Based on the refQuarterMicroSeconds definition, we can see that the current time granularity is 250ns. As agreed during the NR IIoT SI discussion, the granularity of the signaled reference timing in NR IIoT will be at most 50 ns and determination of exact value needs further evaluation. Taken into account the following information:
· 12 bits of refQuarterMicroSeconds can indicate at most 250ns granularity;
· 13 bits of refQuarterMicroSeconds can indicate at most 125ns granularity;
· 14 bits of refQuarterMicroSeconds can indicate at most 62.5ns granularity;
· 15 bits of refQuarterMicroSeconds can indicate at most 31.25ns granularity;
It can be seen at least 15bits of refQuarterMicroSeconds are necessary in order to satisfy the at most 50 ns granularity. Moreover, with 15bits of refQuarterMicroSeconds, the granularity of the signaled reference timing in NR IIoT can be extended to at most 31.25 ns.
Proposal 1: The minimal time granularity of the signaled reference timing in NR IIoT can be 31.25 ns with 15bits of refQuarterMicroSeconds.
With uncertainty parameter, part of the refQuarterMicroSeconds bits would be indicated as being inaccurate or invalid. It will lead to larger time granularity. For example, if the value of uncertainty is set to 1, then the 1 bit of LSB in refQuarterMicroSeconds will be seen as invalid, the real granularity for refQuarterMicroSeconds would be 0.5 us. In a summary, the time granularity can be changed according to the uncertainty parameter. We think such scheme can be reused after finer time granularity is supported is NR. 
Proposal 2: The uncertainty parameter can be reused after finer time granularity is supported is NR.
To support TSC service, the gNB should deliver the accurate reference timing to UE and the time granularity should satisfy the TSC delay accuracy requirement. However, as delivering accurate reference timing will cost extra radio resource, we can assume not all the cells will support such higher accurate reference timing delivery. Moreover, anyway there exists some legacy gNBs which cannot support higher accurate reference timing delivery. As a result, TSC services will be supported under only part of gNBs/cells. If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability. 
Observation 1: If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability.
[bookmark: _GoBack]Then RAN2 needs to discuss what the expected UE behavior is if a UE capable of TSC service camps on a cell without higher accurate reference timing delivery. For example, such UE may not trigger any TSC service or try its best to re-select to another cell with accurate reference timing delivery.
Proposal 3: RAN2 needs to discuss the TSC UE behavior if the camped cell cannot deliver the desired higher accurate reference timing.
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observation and proposals:
Observation 1: If a TSC UE camps on a cell without higher accurate reference timing delivery, it cannot perform TSC service normally, which will impact the TSC service availability.
Proposal 1: The minimal time granularity of the signaled reference timing in NR IIoT can be 31.25 ns with 15bits of refQuarterMicroSeconds.
Proposal 2: The uncertainty parameter can be reused after finer time granularity is supported is NR.
Proposal 3: RAN2 needs to discuss the TSC UE behavior if the camped cell cannot deliver the desired higher accurate reference timing.
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