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1 Introduction
At RAN#78, a revised WI URLLC was approved [1]. A new objective was added, i.e. Support methods to provide a sufficiently granular time reference value to a UE from an eNB.
In [2], we discuss details of time reference information. In this paper, we discuss solutions of transmission of time reference information.
2 Discussion
At RAN2#101 meeting, we had a paper on use cases [3]. In general, we see that there are type 1 and type 2 use cases for sync accuracy (shown in table 1), and we think that both types are useful.
Table 1: Two types on sync accuracy use cases
	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.


For type 1, we think broadcast solution can be considered, i.e. SIB can be used to transmit time reference information. As analyzed in Table 1, for type1 scenario, there are huge number of UEs deployed in those applications where have not so high requirement on the security and reliability, e.g. video game in mobile equipment, broadcast solution can be used to satisfy these requirements without consideration on security and charging. Besides, considering time synchronization may be the basis of many applications, it is meaningful for broadcast solution to enable more public services in future so that more potential customers can be attracted to use 3GPP network. In addition, when introducing SIB16, the reason was that broadcasting “reference time” from LTE network is useful for various use cases, so similar reason can be also applied to the broadcast solution.
For type 2, we think unicast solution can be considered, i.e. dedicated RRC message can be used to transmit time reference information.

Proposal 1: It is proposed to agree on both broadcast and unicast solutions, i.e. SIB and dedicated RRC message can be used to transmit time reference information.
As analyzed in [2], we propose some IEs in order to indicate time reference information with different granularities.
For broadcast solution, SIB16 can be extended in order to support more time granularities. 
For unicast solution, it is suggested to introduce a new downlink RRC message. As analyzed in [4], the network may send such time reference information to UE periodically. Currently, for some legacy downlink RRC message, there will be a complete message in uplink, so it may lead to uplink signaling overhead if following legacy RRC message. While for the new downlink RRC message, there is no complete message in uplink and it relies on RLC ACK for reliability.
Proposal 2: For broadcast solution, it is proposed to extend SIB16. For unicast solution, it is proposed to introduce a new downlink RRC message (without complete message in uplink).
For unicast solution, in addition to time reference information, there also needs to include a “time reference point” for the time reference information. The reason is that, when the network generates a time reference information, it shall correlate the information with a time reference point.
For SIB16, TS 36.331 defines a rule regarding the time information and the time reference point. It can be observed that the time information is SIB16 is related to the ending boundary of the SFN that carries the time information.
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
However, since RRC message may be re-transmitted in Uu interface, the network needs to send an explicit SFN to the UE.
Proposal 3: In unicast solution, it is proposed to indicate a frame number (SFN) in addition to the time reference information. The time reference information is related to the ending boundary of the SFN.
Currently, SFN has 10 bits and the maximum value is 1024. If the network indicates a SFN to the UE, there may be “wrap-around” issue, so it may lead to a misunderstanding of SFN from UE side.

As illustrated in figure1, the network generates a time reference information at SFN#1020 and it send the DL RRC message from SFN#1023. For the DL RRC message, it includes:

- the time reference information

- SFN#1020 which is related to the time reference information

Due to re-transmissions in lower layers, the UE may successfully receive the DL RRC message in SFN#2 in the next SFN loop. If the UE considers SFN#1020 in the current SFN loop, there will be 1024*10ms time difference for the time reference information between the UE and the network.
In order to solve this issue, it is proposed UE to have the following behaviours:

If the UE successfully received a SFN#X that related to the time reference information, the UE shall consider X as the latest frame number that prior to the frame number of carrying the received DL RRC message.
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Figure1: the misunderstanding of SFN which corresponding to the time
Proposal 4: It is proposed that if the UE successfully received a SFN#X that related to the time reference information, the UE shall consider X as the latest frame number that prior to the frame number of carrying the received DL RRC message.
3 Conclusion

In this paper, we discuss solutions of transmission of time reference information. It is proposed:
Proposal 1: It is proposed to agree on both broadcast and unicast solutions, i.e. SIB and dedicated RRC message can be used to transmit time reference information.
Proposal 2: For broadcast solution, it is proposed to extend SIB16. For unicast solution, it is proposed to introduce a new downlink RRC message (without complete message in uplink).
Proposal 3: In unicast solution, it is proposed to indicate a frame number (SFN) in addition to the time reference information. The time reference information is related to the ending boundary of the SFN.
Proposal 4: It is proposed that if the UE successfully received a SFN#X that related to the time reference information, the UE shall consider X as the latest frame number that prior to the frame number of carrying the received DL RRC message.

4 References 

[1] RP-172845
Revised WID on Ultra Reliable Low Latency Communication for LTE, Ericsson
[2] R2-1805477, Discussion on time reference information, Huawei, HiSilicon
[3] R2-1802880, Discussion on use cases and requirements on synchronization accuracy, Huawei, HiSilicon
[4] R2-1802881, Discussion on solutions of providing time reference information, Huawei, HiSilicon
1
3/3

1
2
….
1020
1021
frame
1023
1022
0
...
2
0
Time reference point
3
...
1020
Message is successful received by UE
Misunderstanding
Message is initially transmitted.



