[bookmark: OLE_LINK417][bookmark: OLE_LINK418]3GPP TSG-RAN WG2 Meeting 105bis	R2-1904273
[bookmark: _GoBack]Xi’an, China, 8th – 12th April, 2019 

Agenda Item:	11.7.2.1
Source: 	Huawei, HiSilicon
Title:	Further study on time synchronization for IIoT 
Document for:	Discussion and Decision
[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
During the Study Item phase of IIoT, accurate reference timing delivery is agreed to be carried out using broadcast and/or unicast RRC signaling. The granularity is no greater than 50 ns and the exact value hasn’t been determined yet. 
This contribution intends to further study the granularity and the detailed signaling structure for reference timing delivery.
Discussion
Granularity for reference timing delivery
0. Synchronization between the clock source and UE 
According to TR 38.825 [1], the following text is specified:
	[bookmark: _Hlk2175958]Considering the above and assuming 100 ns time error between TSN GM clock and gNB, as well as the sub-carrier spacing (SCS) of 15 kHz, the overall synchronization accuracy error between a clock source and UE clock would be equal to 665 ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 25 ns (granularity/2)).


We can see that, with granularity of 50 ns, 1us synchronization accuracy between gNB and UE can be achieved.  
Observation 1: The 1us synchronization accuracy between UE and gNB can be satisfied with the 50 ns granularity. 

0. Synchronization between UE and UE
According to the LS from SA1, the requirement of 1 us synchronization accuracy is also applicable for UE to UE case. Besides, the synchronicity requirement is meant for both intra- and inter-gNB cases. Thus the objective to satisfy UE-to-UE 1us synchronization accuracy should also be studied for these cases, which can be further divided in two cases: UEs under the same gNB or UEs under different gNBs. 
Case 1: UEs under the same gNB
In this case, both of the error brought by granularity and the error between the clock source and gNB have no impact on UE-to-UE synchronization. Assuming gNB performs synchronization with the two UEs at the same time, the granularity and the synchronization between clock source and gNB contribute no error to synchronization between UEs because the gNB delivers the same time information value to both UEs. 
The worst synchronization error with TA compensation is 2x 540ns=1080ns for UEs under the same gNB. This means the requirement of 1us synchronization accuracy between UEs under the same gNB can be regarded as almost satisfied.
Observation 2: For UEs under the same gNB, there is no point decreasing the granularity value of reference timing (to be lower than 50ns) as it doesn’t contribute to the synchronization error reduction.
Case 2: UEs under different gNBs
The worst synchronization error with TA compensation is (2x 540ns+ granularity+ w) for UEs under different gNBs. The parameter w denotes the synchronization error between the two gNBs. 
We can see the requirement of synchronization accuracy of 1us is more difficult to satisfy with a non-zero w value. Thus it might be beneficial to reduce the granularity value to be lower than 50ns. 
Observation 3: For UEs under different gNBs, it might be beneficial to reduce the granularity value to be lower than 50ns to satisfy the 1us synchronization requirement.
However in order to decide a proper value of granularity, more input is needed from RAN3/RAN4 regarding to the value of w.
Observation 4: More input is needed from RAN3/RAN4, regarding to the synchronization accuracy between two gNBs, to determining the exact value of granularity.
Proposal 1: Send an LS to RAN3/RAN4 to ask for information about the synchronization accuracy between two gNBs.
Signalling structure for reference timing delivery
There are two ways to deliver timing information to UE, i.e. via broadcast and unicast signaling. 
Currently in TS 38.331, SIB9 is used to deliver timing information to UE:
SIB9 information element
-- ASN1START
-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...
}

-- TAG-SIB9-STOP
Therefore, for broadcast method, it is simplified to add an extension IE for finer granularity as in LTE. For unicast method, the extension IE can be reused and sent through RRC signaling. The extension IE can be designed like the TimeReferenceInfo IE in TS 36.331:
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
Proposal 2: Similar as LTE, add a time reference IE to SIB9 for broadcast method and reuse the time reference IE for unicast method to deliver timing information.
In LTE Rel-15, the ReferenceTime-r15 IE provides the granularity of 250 ns. In R16, when the granularity is no greater than 50 ns, the R15 IE format needs to be updated or a new format (i.e. similar to 1588 format as below) should be defined.
ReferenceTime-1588 ::=			SEQUENCE {
	
	refSeconds-1588						INTEGER (0..4294967295),
	refNanoSeconds-1588					INTEGER (0..999999999),
	
}
Proposal 3: RAN2 to discuss whether to update the ReferenceTime-15 IE or define a format similar to 1588 to provide a granularity of no more than 50 ns.
According to TS22.104, up to 32 working clock domain shall be supported:
	The 5G system shall support networks with up to 32 working clock domains.
NOTE 1:	The domain number (synchronization domain identifier) is defined with one octet in IEEE 802.1AS [22]. This allows for 256 synchronization domains.


Therefore, to support up to 32 working clock domains, an additional field should be included in the time reference IE to identify the time domain. 
Proposal 4: An additional field should be included in the time reference IE to identify the time domain.
Conclusion
In this contribution, we further analyse the aspects on time synchronization and make the following observations and proposals:
Observation 1: The 1us synchronization accuracy between UE and gNB can be satisfied with the 50 ns granularity. 
Observation 2: For UEs under the same gNB, there is no point decreasing the granularity value of reference timing (to be lower than 50ns) as it doesn’t contribute to the synchronization error reduction.
Observation 3: For UEs under different gNBs, it might be beneficial to reduce the granularity value to be lower than 50ns to satisfy the 1us synchronization requirement.
Observation 4: More input is needed from RAN3/RAN4, regarding to the synchronization accuracy between two gNBs, to determining the exact value of granularity.
Proposal 1: Send an LS to RAN3/RAN4 to ask for information about the synchronization accuracy between two gNBs.
Proposal 2: Similar as LTE, add a time reference IE to SIB9 for broadcast method and reuse the time reference IE for unicast method to deliver timing information.
Proposal 3: RAN2 to discuss whether to update the ReferenceTime-15 IE or define a format similar to 1588 to provide a granularity of no more than 50 ns.
Proposal 4: An additional field should be included in the time reference IE to identify the time domain.
Reference
TR 38.825 v1.0.0, Study on NR Industrial Internet of Things (IoT)

	1/4	
