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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the email discussion [1] and the RAN2#110e meeting minutes [2] for the clock drift issue on IIOT, RAN2 discussed the clock drift issue at both the UE and the gNB. However due to the lack of time in Rel-16, RAN2 considers to rely on the implementation of both the UE and the gNB to resolve the clock drift issue. The RAN2 agreements related to the clock drift are quoted as follows:
	· UE can calculate/predict the reference timing based on DL timing information after receiving the referenceTimeInfo from gNB once. (No spec impact) 
· Option A. Once UE send the interest request, UE rely on periodic gNB broadcast/unicast to refresh its reference time and should no longer resend the request to the network. (and nothing more)


In this contribution, we provide our analysis on the time de-synchronization issue due to the clock drift.
2. Discussion
2.1. [bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK188][bookmark: OLE_LINK189]Clock drift issue


Figure 1: Reference time provisioning based on the UE interest
According to the Rel-16 solution [3] of providing the reference time information as Figure 1 illustrated above, the reference time is provided via either the unicast (i.e. the DLInformationTransfer message) or the broadcast (i.e. SIB9) based on the reported UE interested (i.e. the UEAssistanceInformation message) of the reference time. 
	ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}


According to the 3GPP TS 38.331 [3] as quoted above, the reference time could be from a local clock which is different from the clock of the SFN.
Observation 1: The reference time could be from a local clock which is different from the clock of the SFN.


Figure 2: Clock synchronization between the UE and the gNB
As illustrated in Figure 2, both the UE and the gNB could have two different clocks, i.e. one for the SFN and another for the reference time. By providing the referenceSFN via the DLInformationTransfer message together with the referenceTime (which is pointed to the ending boundary (i.e. t1) of the referenceSFN), the local lock of the UE is synchronized with the local clock of the gNB. As the local clock of either the gNB or the UE would drift as many other clocks, the local clock of the UE needs to be periodically synchronized with the local clock of the gNB.
Observation 2: The local clock of the UE needs to be periodically synchronized with the local clock of the gNB to correct the clock drift.
Regarding the UE implementation based solution (i.e. the UE calculates/predicts the reference timing based on DL timing information after receiving the referenceTimeInfo from gNB.), the solution is not able to work when the clock of the SFN is different from the clock of the reference time. As shown in Figure 2, the local clock of the UE is synchronized with the SFN clock of the gNB, not with the local clock of the gNB. Furthermore tracking the SFN offset to correct the clock drift would also make the UE implementation complicated.
Observation 3: The SFN offset based reference time synchronization at the UE may cause that the local clock of the UE is synchronized with the SFN clock of the gNB, not with the local clock of the gNB.
Although the gNB can provide the up-to-date reference time to the UE when the local clock of the gNB is drifting, the gNB does not know how frequent it should send the up-to-date reference time as the gNB does not know the local clock drift of the UE. For example, the gNB with more accurate local clock could send the reference time very hour, but the UE with less accurate local clock may require the reference time synchronization every 10 minutes. On the other hand always using the broadcast method to send the reference time causes too much signaling overhead, as the UE in most cases would not require the reference time synchronization too frequently as the SIB. Given that the broadcast periodicity of the SIB9 could be [8, 512] radio frames.
Observation 4: The gNB does not know how frequent it should send the up-to-date reference time as the gNB does not know the local clock drift of the UE.
Observation 5: Broadcasting the reference time would cause too much signaling overhead.
To correct the clock drift issue, the solution of allowing the UE to re-send the same interest message is also discussed in [1]. However due to the lack of time, the Rel-16 solution of the reference time prohibits the UE to re-send the same interest message of the reference time. And this makes the clock drift issue even worse as the UE could be easily get de-synchronized with the local clock of the gNB if the gNB does not send the up-to-date reference time on time.
Observation 6: The Rel-16 UE is not allowed to re-send the same interest message of the reference time to get re-synchronized with the gNB.
Thus according to the issues given in the above observations, we consider that the Rel-17 IIOT work item should consider to resolve the clock drift issue via the coordination between the gNB and the UE.
Proposal: To update the WID on enhanced Industrial Internet of Things (IoT) and URLLC support as follows:
	..
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
c. Reference time synchronization due to clock drift. [RAN2]
..



3. Conclusion
Due the lack of the coordination between the gNB and the UE, the clock drift issue may cause that the local clock of the UE is de-synchronized with the local clock of the gNB. Thus we consider that the Rel-17 IIOT work can study further to find a proper solution with the coordination between the gNB and the UE to resolve the time de-synchronization caused by the clock drift at either the UE or the gNB. 
Observation 1: The reference time could be from a local clock which is different from the clock of the SFN.
Observation 2: The local clock of the UE needs to be periodically synchronized with the local clock of the gNB to correct the clock drift.
Observation 3: The SFN offset based reference time synchronization at the UE may cause that the local clock of the UE is synchronized with the SFN clock of the gNB, not with the local clock of the gNB.
Observation 4: The gNB does not know how frequent it should send the up-to-date reference time as the gNB does not know the local clock drift of the UE.
Observation 5: Broadcasting the reference time would cause too much signaling overhead.
Observation 6: The Rel-16 UE is not allowed to re-send the same interest message of the reference time to get re-synchronized with the gNB.
Proposal: To update the WID on enhanced Industrial Internet of Things (IoT) and URLLC support as follows:
	..
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
c. Reference time synchronization due to clock drift. [RAN2]
..
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