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1 Introduction
In RAN #83 meeting, a WID on support of NR Industrial Internet of Things (IoT) has been approved. One objective of NR TSC-related enhancements is accurate reference timing delivery [1]:
	· 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) 


And last RAN3#103 meeting, the Signalling design of Accuracy Reference Timing in SIB9 Delivery [2] under CU-DU split architecture had been mentioned. In this contribution, we provide analysis on this issue, including broadcast and unicast message.
2 Discussion
2.1 Reference timing information in SIB9
As we know, other SIs, including SIB9 are encoded in the gNB-CU. And the gNB-DU is responsible for scheduling of the Sis and broadcast information the system information according to the scheduling parameters available. Hence, the signalling handling and backhaul delay and the time error between the CU and the DU both need to be taken into consideration. Meanwhile, RAN3 had provide the maximum absolute time error between the TSN GM clock and gNB as follows:
Table 6.3.4.1-1: Maximum absolute time error (TE) between TSN GM clock and gNB

	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is the number of PTP hops. 


In addition to this, the CU also need to acquire the specific slot within the SI-window for SIB9 broadcasting, and one initialization time for the SFN from DU. Correspondingly, the DU need broadcasts SIB9 in that slot or sends the intended slot before each repetition. Hence, the accurate information negotiation would cost extra delay, introduce more time error possibility and introduce time inconsistent between DU and CU. 
Furthermore, the acquirement of required precision for external clock may demand quite frequent time information updates over Uu and F1 interface. And the update frequency depends on the quality of supported clocks. For example, if the clock quality is not good enough and the frequency offset of TSN GM of stratum-4 class is 32 ppm related to 5G GM, clock drift is 32 µs per second, In order to meet 1µs accuracy, the time information update interval needs to be five times shorter than 160ms period for SIB9 in Uu and F1 interface, where more frequent extra delay, time error possibility and time inconsistent between DU and CU would be introduced. And RAN2 agreed the at most 50ns granularity of Uu signalling, then the reference time value can be calculated according to the format, i.e. refDays*86400*1000*1000*20 + refSeconds*1000*1000*1000*20 + refMilliSeconds*1000*1000*20 + refMicroSeconds: 1000*20+ ref50NanoSeconds*20. 
Based on this format, the new signalling may be as follows, which is the content need to be conveyed over F1 as well:

	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,

     ...,


[[tsn-timeReferenceInfo-r16



TSN-TimeReferenceInfo-r16



OPTIONAL,
-- Need ON



]]
OPTIONAL -- NEED OR

}

New TimeReferenceInfo in NR for TSN
-- ASN1START

TSN-TimeReferenceInfo-r16 ::=

SEQUENCE {


time-r16






ReferenceTime-r16,


uncertainty-r16





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r16




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r16




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef

}

ReferenceTime-r16 ::=


SEQUENCE {


refDays-r16






INTEGER (0.. 1727999999999),


refSeconds-r16





INTEGER (0.. 19999999999),


refMilliSeconds-r16




INTEGER (0.. 19999999),


refMicroSeconds-r16


        INTEGER (0.. 19999),


ref50NanoSeconds-r16


    INTEGER (0.. 19)

}

-- ASN1STOP


Therefore, in our understanding, it is more efficient and accurate to encode SIB9 in the gNB-DU considering the stringent requirement of the TSN service.

Proposal 1: it is more efficient and accurate to encode SIB9 in the gNB-DU considering the stringent requirement of the TSN service.

2.2 Reference timing information in unicast RRC
As we know, RRC messages are transferred over F1-C. The gNB-CU is responsible for the encoding of the dedicated RRC message with assistance information provided by gNB-DU. Hence, the signalling handling and backhaul delay and the time error between the CU and the DU both need to be taken into consideration. The similar reasons as provided in section 2.1 for reference timing information in SIB9. In our understanding, it is more efficient and accurate to encode unicast RRC message for reference timing delivery in the gNB-DU considering the stringent requirement of the TSN service.

Proposal 2: it is more efficient and accurate to encode unicast RRC message for reference timing delivery in the gNB-DU considering the stringent requirement of the TSN service.
3 Conclusions

In this paper, the following proposal are given:
Proposal 1: it is more efficient and accurate to encode SIB9 in the gNB-DU considering the stringent requirement of the TSN service.

Proposal 2: it is more efficient and accurate to encode unicast RRC message for reference timing delivery in the gNB-DU considering the stringent requirement of the TSN service.
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