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1
Introduction
At RAN#78 meeting, a revised WI URLLC was approved [1] and a new objective was added, i.e. Support methods to provide a sufficiently granular time reference value to a UE from an eNB. In addition, the following note was also added:
Note: No impact to RAN4 core/performance requirements resulting from the solutions enabling the network to provide a sufficiently granular time reference value to a UE.

In our paper [2], we discuss use cases and requirements on sync accuracy, and this paper is to discuss solutions.
2
Discussion
2.1
Granularity of time reference transmission
In [2], we discuss use cases and requirements on sync accuracy, and then we have one proposal on the granularity of timer reference transmission.
Proposal 4: For sufficiently granular time reference values to a UE from an eNB, the candidates of time granularity are: 1.5us, 6.5us, and 496.5us.
In this paper, the above proposal is the working assumption.
Proposal 1: The granularity of time reference transmission can be: 1.5us, 6.5us, and 496.5us.
2.2
Common time reference
For time reference, UTC and GPS have been widely deployed and they are good practices. Considering that UEs can be connected to networks via various ways, e.g. Industrial Ethernet, a common time reference is preferred. For example, for UEs in LTE networks and fixed networks, if they will be co-ordinated to finish a job, a common time reference will be a good choice and it has less complexity; otherwise, there will be additional co-ordination efforts for these UEs.

Proposal 2: A common time reference is suggested so that UEs with different networks can be easily or-ordinated, and UTC and GPS are good examples.
In LTE Rel-11, the feature “Broadcast of Time Info by Using a New SIB” was introduced [5]. For this feature, broadcasting “reference time” from LTE network is useful for various use cases, e.g. GPS time for GNSS, Local time provisioning. As shown in figure 1, SIB16 can provide some time reference information.

[image: image1.png]SysteminformationBlockType16 information element.

-- ASN1START-
v
SystemInformationBlockTypel6-rll ::= SEQUENCE {«
timeInfo-ril SEQUENCE {«
timeInfoUTC-r1l INTEGER (0..549755813887),¢
dayLightSavingTime-r1l BIT STRING (SIZE (2)) OPTIONAL, - Need OR<
leapSeconds-ril INTEGER (-127..128) OPTIONAL, Need OR<
localTimeOffset-ril INTEGER (-63..64) OPTIONAL Need OR<
¥ OPTIONAL, Need OR«
lateNonCriticalExtension OCTET STRING OPTIONAL, ¢

R

}o
@




Figure 1: SIB16 definition
In SIB16, the IE timeInfoUTC is the co-ordinated universal time corresponding to the SFN boundary at or immediately after SIB16 reception, and the time granularity is 10ms. The UE should detect the SI-RNTI on PDCCH in the SI-window and then successfully demodulate SIB16, and then the UE adjusts its clock on the basis of the time reference information in SIB16. The concept is shown in figure 2, and in general the eNB provides an absolute time reference for UE adjustment.
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Figure 2: time synchronization concept due to SIB16

Observation 1: SIB16 can provide time granularity as 10ms, so it cannot meet the requirement mentioned in proposal 1.
2.3
Solutions on time reference transmission
In [2], we discuss two types on sync accuracy scenarios and they are shown in table 1. In addition, we propose to consider reasonable overhead, security and authorization.
Table 1: Two types on sync accuracy scenarios
	Aspects
	Type 1
	Type 2

	UE number
	Huge number of UEs (Note 1)
	Normal number of UEs (Note 2)

	Security (reliable time information)
	Best effort
	Required

	Authorization of time information
	Not required
	Required

	Note 1: from TS 22.261 [3], up to 1 million UEs are deployed in the network per square kilometre.

Note 2: from TR 22.804 [2], up to 1000 UEs are deployed in the factory per square kilometre.


Regard how the eNB provides the timer reference information, there are two solutions:
- broadcast solution, i.e. via system information
- unicast solution, i.e. via dedicated RRC signalling

We think both solutions are useful as they can be used in different scenarios, i.e. type 1 and type 2 listed in table 1. As below, we provide more technical analysis on both solutions.
2.3.1
Broadcast solution
Currently, SIB16 includes both UTC and GPS time reference information. The UTC time reference is counted in 10ms via the IE timeInfoUTC and it is calculated since 00:00:00 1 January, 1900. The GPS time and local time can be derived from the UTC time.
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Based on observation 1 and 2, we propose to extend the SIB in order to support small values for the granularity of time reference, i.e. the values in proposal 1.

Proposal 3: It is proposed RAN2 to agree to introduce the following values for the granularity of time reference in SIB16, i.e. 1.5us, 6.5us, and 496.5us.
Regarding details, one example is shown as below. The red parts are possible changes, and it is assumed that only 1.5us time reference granularity is indicated in SIB16. From 0us to 10ms, there are 10,000us, and if it is divided by 1.5us time reference granularity, there will be 6666 possibility.
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}
2.3.2
Unicast solution
In current LTE networks, fake eNBs can be able to broadcast system information, e.g. fake cell selection/re-selection information, so some UEs may wrongly select/re-select to other cells; if the time information is also fake, it may lead to big impacts to customers. In unicast way, dedicated RRC signalling is transmitted with ciphering and integrity protection, and it can support extra authorization from operation perspective. For type 2 scenario, security and authorization are two important aspects, so only unicast way can meet such technical requirements.

Regarding signalling overhead, we have some calculations.

If the content of current SIB16 is used and with 1.5us time granularity, the RRC payload is 9 bytes. L2 header (PDCP, RLC, and MAC headers) is assumed to be 10 bytes. So the MAC PDU size of one time reference information is 19 bytes. For 19 bytes payload, if MCS 4 is selected, the transport block size is 208 bits and then the required number of PRBs is 3.
In proposal 1, the minimal values of time granularity is 1.5us. For 1.5us, the eNB may need to update the time reference to the UE when the time drift exceeds 0.75us (+/-). Assumed that the crystal stability of eNB is 0.05 ppm (Parts Per Million), the time reference update period is as below:

0.75us / 0.05ppm = 15s (15seconds)
For type 2 scenario, if the network needs to update time reference information for 1000 UEs in 15 second, it will consume 3000 PRBs in total. In 15 seconds, there are totally 1.5 million PRBs, so signalling overhead is 0.2%, i.e. required PRBs/total PRBs in 15 seconds.
Observation 2: With unicast solution, the signalling overhead is minimal.
Proposal 4: It is proposed RAN2 to agree on unicast solution and the network can indicate the following values for the granularity of time reference, i.e. 1.5us, 6.5us, and 496.5us.
3
Conclusion
In this paper, we discuss solutions of providing time reference information with small granularities. We the have the following observations:
Observation 1: SIB16 can provide time granularity as 10ms, so it cannot meet the requirement mentioned in proposal 1.
Observation 2: With unicast solution, the signalling overhead is minimal.
We have the following proposals:
Proposal 1: The granularity of time reference transmission can be: 1.5us, 6.5us, and 496.5us.
Proposal 2: A common time reference is suggested so that UEs with different networks can be easily or-ordinated, and UTC and GPS are good examples.
Proposal 3: It is proposed RAN2 to agree to introduce the following values for the granularity of time reference in SIB16, i.e. 1.5us, 6.5us, and 496.5us.
Proposal 4: It is proposed RAN2 to agree on unicast solution and the network can indicate the following values for the granularity of time reference, i.e. 1.5us, 6.5us, and 496.5us.
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