[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK12][bookmark: OLE_LINK13]3GPP TSG-RAN WG2 Meeting#107		                                                     R2-1908859
Prague, Czech Republic, 26th –30th August 2019
Source:               ZTE Corporation, Sanechips, China Southern Power Grid Co., Ltd
[bookmark: OLE_LINK19]Title:                    Signalling aspects for accurate reference timing delivery in TSC
Agenda item:      11.7.2.1
Document for:    Discussion and Decision
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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 RAN2#105bis meeting, based on the contributions, the following agreements have been achieved:
	· Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
· The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.
· R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
· FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 
· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified. 


In RAN2#106 meeting, based on the contributions, the following agreements have been achieved:
	· 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 


In this contribution, we will further discuss the remaining issues for accurate reference timing delivery in TSC.
Discussion
In previous RAN2 and RAN3 meeting, the impacts on broadcasting reference time cause by CU-DU split has been brought up. RAN2 has assumed that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on RAN3 discussion outcome.
In RAN3#104 meeting it has already agreed that SIB9 is used (e.g. the CU generates SIB9, and the DU is allowed to re-encode SIB9).
Proposal 1: SIB9 is used for accurate reference timing delivery by broadcast.
In RAN2#106 meeting, it has already been agreed that the accurate reference timing (time field) can be delivered from gNB to UE using broadcast and unicast RRC signaling. For unicast RRC signaling, taken into account that HARQ ack and RLC ACK are reliable enough, UL response message is not necessary for serving cell’s accurate reference timing delivery, which costs extra uplink signalling. Therefore, we suggest to reuse LTE R15 message (e.g. DLInformationTransfer) as the unicast RRC signaling for accurate reference timing delivery for the serving cell. 
Proposal 2: DLInformationTransfer message is used for serving cell’s accurate reference timing delivery by unicast.
As captured in [2], mobility should be supported for TSN UEs. For mobility of TSN UE in RRC connected state, the accurate reference timing of the target cell should be sent to UE as soon as possible. e.g. during handover procedure. The RRCReconfiguration is the more suitable message to transmit the accurate reference timing of the target cell during handover procedure. Taken into account that dedicatedSystemInformationDelivery IE can be carried over RRCReconfiguration message, although only SIB6, SIB7, SIB8 are transmitted in dedicatedSystemInformationDelivery IE, it is easy to extend to transmit SIB9 in this dedicatedSystemInformationDelivery IE. 
Proposal 2a: RRCReconfiguration message including SIB9 can be used for target cell’s accurate reference timing delivery by unicast during handover procedure.
For reference, the accurate reference timing delivery signaling in R15 LTE is as follows:
	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.





In the definition of time field, we can see that 12bits of refQuarterMicroSeconds is used to indicate the value range between 10ns and 1ms with step of 250ns. As agreed during the RAN2#106 meeting, the signaled reference timing in NR IIoT will support 10ns granularity. Taken into account the following information:
· 16 bits of refTenNanoSeconds with 10ns granularity can indicate at most [10...655360]ns value range;
· 17 bits of refTenNanoSeconds with 10ns granularity can indicate at most [10...1310720]ns value range;
We can see if one parameter is used to indicate the value range between 10ns and 1ms with step of 10ns, at least 17bits are necessary.
If two parameters can be considered to indicate the value range between 10ns and 1s with granularity of 10ns, e.g.:
	· refMicroSeconds					INTEGER (0..999),
· refTenNanoSeconds					INTEGER (0..99)


In order to get same value range, refMicroSeconds needs 10bits and refTenNanoSeconds needs 7bits, also total 17bits are necessary to indicate the value range between 10ns and 1ms with granularity of 10ns. With the same bits consumption, the two parameters definition would be clearer.
Observation 1: With the same bits consumption, the two parameters definition (e.g. refMicroSeconds and refTenNanoSeconds) is clearer to indicate the value range between 10ns and 1ms with granularity of 10ns.
Proposal 3: It’s suggested to use two parameters (e.g. refMicroSeconds and refTenNanoSeconds) to indicate the value range between 10ns and 1ms with 10ns granularity.
In RAN2#106 meeting, it has already been agreed to specify uncertainty parameter in the reference time information in NR, encoding FFS. Based on the above analysis, it’s suggested to define two parameters (e.g. refMicroSeconds and refTenNanoSeconds) for separately indicating the value range between 10ns and 1us with granularity at least 10ns, and the value range from 1us to 1ms with granularity at least 1us. Taken into account that the time granularity of 1us must be guaranteed to satisfy the 1us synchronization precision requirement between UE and TSN GM clock, all the bits of refMicroSeconds should be always valid, if transmitted. Therefore, it’s unnecessary to use uncertainty parameter for controling the refMicroSeconds. We suggest uncertainty parameter only for indicating the valid bits of ns related parameter (e.g refTenNanoSeconds).
With the above suggestion, only 7 bits uncertainty parameter is needed. But, if we use only one parameter refTenNanoSeconds to indicate the value range between 10ns and 1ms with step of 10ns, a 17bits uncertainty parameter would be needed. That’s another reason for suggesting two parameters (e.g. refMicroSeconds and refTenNanoSeconds) to indicate the value range between 10ns and 1ms with 10ns granularity.
Proposal 4: It’s suggested to use uncertainty parameter only for indicating the valid bits of refTenNanoSeconds.

It has been agreed during SI stage[2] that the propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments as for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us. Generally, /2 can be used for the propagation delay compensation.

In NR, TA granularity is decided by SCS, e.g. one TA unit =


Here, ,  Hz  and ,

Therefore, one TA unit =.

With /2 is used for the propagation delay compensation, there have the understanding the only when the delay is larger than or equal to the TA granularity, the propagation delay compensation will have positive gains. But in fact, even propagation delay compensation is applied for small service areas with dense small cell deployments, e.g. the distance between UE and gNB is less than the least distance that needs propagation delay compensation, the negative effect can be negligible. E.g. the negative effect is less than TA Granularity/2, the requirement of 1us accurate reference timing and timing synchronization error between a gNB and a UE no worse than 540ns still can be achievable.
Observation 2: Even propagation delay compensation is applied for small service areas with dense small cell deployments, the requirement of 1us accurate reference timing delivery still can be satisfied.
Moreover, the propagation delay is related to the distance between UE and gNB, e.g. distance =delay * 3*108m/s. Thus, the relationship between SCS, TA Granularity and the least distance that needs propagation delay compensation are shown in the following table.
	

	

	TA Granularity
	The least distance that needs propagation delay compensation

	0
	15
	520ns
	156m

	1
	30
	260ns
	78m

	2
	60
	130ns
	39m

	3
	120
	65ns
	19.5m

	4
	240
	32.5ns
	9.75m


In order to accurately control when to perform propagation delay compensation, the following two possible solutions have been mentioned:
Solution 1: gNB can send an indication for propagation delay compensation when the maximal cell radius is less than or equal to the least distance that needs propagation delay compensation.
Solution 2: gNB can send an RSRP threshold for propagation delay compensation. Taken into account that the larger the distance between UE and gNB is, the less the RSRP value is. When the RSRP value is less than the RSRP threshold, the UE considers that the distance between UE and gNB is larger than the least distance that needs propagation delay compensation, and begins to apply propagation delay compensation. 
For the solution 1, the maximal cell radius is difficult to be accurately determined. Furthermore, the least distance that needs propagation delay compensation depends on the SCS setting. Once the SCS setting changes, the least distance that needs propagation delay compensation will also changes, even the maximal cell radius is fixed. All these issues would make it difficult for gNB to set the indication for propagation delay compensation. 
For the solution 2, taken into account the different radio channel fading scenarios exist, the RSRP value change is not always linear with the distance between UE and gNB. Therefore, it is difficult to estimate the distance between UE and gNB based on the RSRP value.
Observation 3: It is difficult to accurately control when to perform or stop propagation delay compensation. 

Based on observation 2 and 3, we suggest that UE performs propagation delay compensation with /2 regardless of the distance between UE and gNB. 

Proposal 5: It’s suggested that UE performs propagation delay compensation with/2regardless of the distance between UE and gNB. 
There exists the case that the valid TA may be not available for UE when receiving time info, especially for idle mode UE. But considering that the accurate time delivery from gNB to UE is mainly used to synchronize the timing between UE and gNB for time sensitive communication and the time sensitive communication usually be performed in RRC_CONNECTED mode, we think this is not big issue. If valid TA is not available for UE when receiving time info, UE can record the time info and start a slave clock, or UE can update the time clock based on the time info. Once valid TA is obtained, UE can apply the propagation delay compensation based on the obtained TA. That means the time info receiving and propagation delay compensation can be performed in different opportunities.
Proposal 6: UE can apply the propagation delay compensation till valid TA is available. Whether the TA is valid is left to UE implementation.
Based on the proposals above, we provide the related draftCR in [3].
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observation and proposals:
Observation 1: With the same bits consumption, the two parameters definition (e.g. refMicroSeconds and refTenNanoSeconds) is clearer to indicate the value range between 10ns and 1ms with granularity of 10ns.
Observation 2: Even propagation delay compensation is applied for small service areas with dense small cell deployments, the requirement of 1us accurate reference timing delivery still can be satisfied.
Observation 3: It is difficult to accurately control when to perform or stop propagation delay compensation.

Proposal 1: SIB9 is used for accurate reference timing delivery by broadcast.
Proposal 2: DLInformationTransfer message is used for serving cell’s accurate reference timing delivery by unicast.
Proposal 2a: RRCReconfiguration message including SIB9 can be used for target cell’s accurate reference timing delivery by unicast during handover procedure.
Proposal 3: It’s suggested to use two parameters (e.g. refMicroSeconds and refTenNanoSeconds) to indicate the value range between 10ns and 1ms with 10ns granularity.
Proposal 4: It’s suggested to use uncertainty parameter only for indicating the valid bits of refTenNanoSeconds.

Proposal 5: It’s suggested that UE performs propagation delay compensation with/2regardless of the distance between UE and gNB. 
Proposal 6: UE can apply the propagation delay compensation till valid TA is available. Whether the TA is valid is left to UE implementation.
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