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Introduction
In this paper we discuss the following bullet in the work item 
	· 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].


[bookmark: _Toc524946176]
[bookmark: _Hlk3212810]In particular, we focus on the high-level signalling design for SIB and RRC-unicast delivery. The details on the granularity value and clock type are discussed in the other papers [4][5].
Discussion
[bookmark: _Hlk3215079]SIB/RRC-unicast Method for Reference Time Provisioning
In the below Figure 1, we illustrate the method of delivering a reference time from gNB to UE that reflects what has been standardized in LTE rel-15 for SIB/RRC-unicast based delivery of reference time, see TS 36.331 v15.4.0. The basic idea is to leverage the fact that radio interface subframes/system frames received by a UE are aligned with transmissions of these frames at the gNB. Accordingly, the method calls for delivering a reference time that corresponds to the end of a known system frame (SFN). The LTE rel-15 principles associated with SIB/RRC unicast based methods of delivery for reference time information are applicable to NR rel-16 as per the following example: 
· After gNB has acquired the reference clock, gNB modifies the value of the acquired reference time to the value it is projected to have when a specific reference point in the system frame structure (e.g. at the end of SFNz) occurs at the BS Antenna Reference Point (ARP) (see reference point tR in Figure 1).
· A SIB/RRC unicast message containing the projected reference time value and the corresponding reference point (the value of SFNz) is then transmitted during SFNx and received by a UE (e.g., in advance of or after tR.)
· The SIB/RRC unicast message may also indicate an uncertainty value regarding the value of reference time it projects to be applicable to the reference point tR.
eNB formulates SIB/RRC message
SFNx
……
SFNz
time
SIB/RRC message sent
At this point in time Reference Time = tR  






[bookmark: _Ref534877918]Figure 1: BS SFN Transmissions
1. [bookmark: _Toc536112][bookmark: _Toc536153][bookmark: _Toc536172][bookmark: _Toc888056][bookmark: _Toc973207][bookmark: _Toc973261][bookmark: _Toc987006][bookmark: _Toc987785][bookmark: _Toc1027778][bookmark: _Toc1028219]The LTE rel-15 principles associated with SIB/RRC unicast based methods of delivery for reference time information are applicable to NR rel-16.

The current LTE Rel-15 method allows for: 
· Providing a UE with a reference time (clock) value and a corresponding reference SFN value to which the reference time corresponds.
· The reference time field indicates the time at the ending boundary of the reference SFN that is nearest to the frame in which the reference time value is received. This is to account for the delivery delay uncertainty that would occur when RRC-unicast retransmission of reference time becomes necessary. 

Proposal 1	Use LTE rel-15 SIB/RRC unicast based methods for reference time delivery. 
Proposal 2	The reference time information shall include a reference SFN value indicating the specific SFN to which the reference time corresponds.
Proposal 3	The UE shall use the end of the indicated SFN value as the precise point in time to which the reference time corresponds.
Proposal 4	The SFN used as the indicated SFN shall be the SFN that occurs closest in time to the point where the UE receives the reference time information.

The need for delay compensation at UE
In the TS 22.104, it is stated that for small cell operation the inaccuracy of the reference time delivered to a UE is required to be less than 1 us (see [1]) and for large cell operation the inaccuracy of the reference time delivered to a UE may be required to be less than 1 us in some deployment cases and < 10us in others. 
This has been analysed during the study item in RAN1. The conclusions are documented in the technical report 38.825. For small cell, it is expected that the requirement can be easily met without the use of downlink delay compensation considering that inaccuracies of ~.5us are foreseen as realizable in practical deployments and that small cell propagation delays can be considered as negligible. For large cell, it is expected that the 10us requirement can be easily met without the use of downlink delay compensation. 
On the other hand, LTE rel-15 methods for reference time delivery from the RAN to UEs is not sufficient for cases of NR large cell operation that allow up to 1us of reference time inaccuracy. In particular, it is mentioned that only if a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns (from a total of 4 sources) for 15kHz SCS can be achieved independently of the ISD. 
1. [bookmark: _Hlk4441934][bookmark: _Hlk4441922]Propagation delay compensation at UE will introduce some amount of reference time inaccuracy which together with all other sources of reference time inaccuracy is required to meet a 1us sync inaccuracy requirement in large cells.

However, in the RAN1 LS [3], it is not clear what propagation delay compensation is used in the evaluation. They merely state that “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).”
1. From RAN1 LS, it is not clear what propagation delay compensation method is assumed at UE. 
It is a common understanding that the legacy timing advance MAC CE can be used for determining downlink delay compensation. But, the possibility of using the legacy Timing Advance MAC CE as the method for improving the reference time information (i.e. UE increases the reference time by ½ TA) is not preferred because of the following:
· The legacy TA procedure allows for establishing TA values with a granularity of .52 us (78m) which, if used for determining the applicable downlink delay compensation, introduces ~.25us of additional inaccuracy.
· The legacy TA procedure, if used for determining the applicable downlink delay compensation, assumes symmetric uplink and downlink delay which can serve as an additional source of inaccuracy (should the UL and DL delays not be symmetric).
· The legacy TA procedure, if used for determining the applicable downlink delay compensation, will have been last performed at some finite amount of time prior to the UE receiving any given instance of reference time. As such, the greater this amount of time is the greater its contribution to the overall inaccuracy of the reference time.
Once a UE receives a reference time its inaccuracy relative to the value of the reference time at the source node will continue to deteriorate (e.g. if reference time refreshes are sent every 100ms and the source node employs a stratum 3 level of accuracy then after 100ms the accuracy of the reference time at the source node will have deteriorated ~.46us). 
In addition, about .5us of inaccuracy is introduced as a result of simply delivering the reference time to the UE (see [2]). When considering all sources of inaccuracy, then well before the point where a UE receives a reference time refresh the inaccuracy of its reference time can exceed the 1us limitation (which is required to be satisfied during the entire time period between reference time refreshes).
As such, mitigating steps should be taken to ensure that the 1us limitation on inaccuracy is realized for the entire time period between reference time refreshes. One area of mitigation can therefore be to focus on a method for establishing downlink delay compensation that introduces substantially less inaccuracy compared to the legacy TA based method.
1. It is our understanding that legacy timing advance MAC CE for delay compensation might not be accurate enough. 

RAN2 is not currently aware of any new, more accurate, method for establishing a value for downlink delay compensation that is available or that RAN1 is working on that can be used by a UE to increase the probability of satisfying the 1us reference time inaccuracy requirement for NR large cell operation. Once RAN2 is made aware of such a new method it can be used to allow a UE to further adjust the reference time information received via SIB/RRC unicast methods in large cells. There are some further points to consider
· How a new method for establishing a sufficiently accurate value for downlink delay compensation interacts with SIB/RRC unicast based methods for reference time delivery to a UE is FFS.
· The UE becoming aware of the need for performing downlink delay compensation can be realized by introducing a bit within the RRC unicast message used to provide it with reference time information (e.g. any new method for establishing downlink delay compensation can be supported as a separate RRC unicast based procedure performed following UE acquisition of the reference time).
1. How a potentially new method for establishing a sufficiently accurate value for downlink delay compensation interacts with SIB/RRC unicast based methods for reference time delivery to a UE is unclear and can be FFS.

From the above analysis, we see that there is a need to introduce signalling support for a UE to compensate propagation delay. At the bare minimum, it could be a one-bit indication to indicate that UE has to compensate the received reference timing information before passing up to the application. However, what signalling support is needed is up to what delay compensation method is used. Therefore, we propose that 
Proposal 5	Introduce signalling support for UE to compensate propagation delay. Details are FFS.
Proposal 6	Send a LS to RAN1 asking for clarification on what delay compensation method is utilized in the analysis, whether any new methods are needed and whether there is a need for signalling support for the new methods.
Conclusion
The following observations have been made:
Observation 1	The LTE rel-15 principles associated with SIB/RRC unicast based methods of delivery for reference time information are applicable to NR rel-16.
Observation 2	Propagation delay compensation at UE will introduce some amount of reference time inaccuracy which together with all other sources of reference time inaccuracy is required to meet a 1us sync inaccuracy requirement in large cells.
Observation 3	From RAN1 LS, it is not clear what propagation delay compensation method is assumed at UE. 
Observation 4	It is our understanding that legacy timing advance MAC CE for delay compensation might not be accurate enough. 
Observation 5	How a potentially new method for establishing a sufficiently accurate value for downlink delay compensation interacts with SIB/RRC unicast based methods for reference time delivery to a UE is unclear and can be FFS.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Use LTE rel-15 SIB/RRC unicast based methods for reference time delivery. 
Proposal 2	The reference time information shall include a reference SFN value indicating the specific SFN to which the reference time corresponds.
Proposal 3	The UE shall use the end of the indicated SFN value as the precise point in time to which the reference time corresponds.
Proposal 4	The SFN used as the indicated SFN shall be the SFN that occurs closest in time to the point where the UE receives the reference time information.
Proposal 5	Introduce signalling support for UE to compensate propagation delay. Details are FFS.
Proposal 6	Send a LS to RAN1 asking for clarification on what delay compensation method is utilized in the analysis, whether any new methods are needed and whether there is a need for signalling support for the new methods.
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Text proposal to TR 38.331
[bookmark: _Toc535261158][bookmark: _Toc535261317]<First modification>
5.2.2.4.10	Actions upon reception of SIB9
No UE requirements related to the contents of this SIB9 apply other than those specified elsewhere e.g. within procedures using the concerned system information, and/ or within the corresponding field descriptions. Upon receiving SIB9 with timeReferenceInfo, the UE may perform the related actions as specified in subclause 5.7.1.3.

<Next modification>
5.7.1	DL information transfer
[bookmark: _Toc535261318]5.7.1.1	General


Figure 5.7.1.1-1: DL information transfer
The purpose of this procedure is to transfer NAS dedicated information or time reference information from NG-RAN to a UE in RRC_CONNECTED.
[bookmark: _Toc535261319]5.7.1.2	Initiation
The network initiates the DL information transfer procedure whenever there is a need to transfer NAS dedicated information or time reference information. The network initiates the DL information transfer procedure by sending the DLInformationTransfer message.
[bookmark: _Toc535261320]5.7.1.3	Reception of the DLInformationTransfer by the UE
Upon receiving DLInformationTransfer message, the UE shall:
1>	if dedicatedNAS-Message is included:
2>	forward dedicatedNAS-Message to upper layers.
1>	if timeReferenceInfo is included:
2>	calculate the time reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo;
2>	calculate the inaccuracy of the time reference based on the uncertainty and other implementation-related inaccuracies, if uncertainty is included in timeReferenceInfo;
2>	inform upper layers of the time reference and, if uncertainty is included in timeReferenceInfo, of the inaccuracy of the time reference.
[bookmark: _Toc535261354][bookmark: _Toc535261391]
<Next modification>
6.2.2	Message definitions
[bookmark: _Toc535261355]<Partially omitted>
[bookmark: _Toc535261357]–	DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information or time reference information.
Signalling radio bearer: SRB2 or SRB1 (only if SRB2 not established yet. If SRB2 is suspended, the network does not send this message until SRB2 is resumed.)
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
DLInformationTransfer message
-- ASN1START
-- TAG-DLINFORMATIONTRANSFER-START

DLInformationTransfer ::=           SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        dlInformationTransfer           DLInformationTransfer-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

DLInformationTransfer-IEs ::=   SEQUENCE {
    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,
    nonCriticalExtension                SEQUENCE {timeReferenceInfo} OPTIONAL

timeReferenceInfo						TimeReferenceInfo				OPTIONAL,	-- Need ON
}

-- TAG-DLINFORMATIONTRANSFER-STOP
-- ASN1STOP

<Partially omitted>

<Next modification>
6.3.1	System information blocks
<Partially omitted>
[bookmark: _Toc535261399]–	SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
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,
    ...,
	[[	timeReferenceInfo				TimeReferenceInfo				OPTIONAL	-- Need OR
	]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time.

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of SIBValueTag in SIB1.



NOTE 1:	The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).


[bookmark: _Toc535261400]<Last modification>
6.3.2	Radio resource control information elements
<Partially omitted>
[bookmark: _Toc535571685]–	TimeReferenceInfo
TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo ::=		SEQUENCE {
	referencetime					ReferenceTime,
	uncertainty50nsIncrements		INTEGER (0..255)			OPTIONAL,	-- Need OR
	timeInfoType					ENUMERATED {localClock}		OPTIONAL,	-- Need OR
	referenceSFN					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime ::=			SEQUENCE {
	refDays							INTEGER (0..72999),
	refSeconds						INTEGER (0..86399),
	refMilliSeconds					INTEGER (0..999),
	ref50nsIncrements				INTEGER (0..19999)
}

-- ASN1STOP

	TimeReferenceInfo field descriptions

	referenceSFN
[bookmark: _Hlk3800913]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 to be the frame having that value that is nearest to the frame where referencetime is received.
If referencetime is sent using SIB-9 and the referenceSFN field is not included, the referencetime field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB-9 is transmitted.

	referencetime, timeInfoType
This field indicates time reference with 50ns granularity. The indicated referencetime is referenced at the network, i.e., without compensating for downlink RF propagation delay. The indicated referencetime in 50ns units from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + ref50nsIncrements. 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 referencetime is unspecified and left up to upper layers.
If referencetime is included in SIB-9, this field is excluded when estimating changes in system information, i.e. changes of referencetime should neither result in system information change notifications.

	Uncertainty50nsIncrements
This field indicates the uncertainty of the referencetime. If uncertainty50nsIncrements is absent, the uncertainty of referencetime is not specified. This field is coded as follows:
· Value 0: uncertainty is unspecified
· Values 1 to 200: uncertainty = value * 50ns
· Values 201 to 249: uncertainty = (value – 199) *10us
· Values 250 to 255: unused




Text proposal to TR 38.306
4.2.7.x	nano-second-granularity-time-reference
This parameter defines whether the UE supports nano second granularity time reference as specified in TS 38.331 [9].

image1.wmf
U

E

N

e

t

w

o

r

k

D

L

I

n

f

o

r

m

a

t

i

o

n

T

r

a

n

s

f

e

r


oleObject1.bin

