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1. Introduction

In the agreed running CR for 38.300 [1], it is stated as:

	To support strict synchronization accuracy requirements of TSC applications, the gNB may signal 5G system time reference information to the UE using unicast or broadcast RRC signalling with a granularity of 10 ns. Uncertainty parameter may be included in reference time information to indicate accuracy.

Editor’s note: FFS how the need for reference time information can be determined for any given connected UE.


In the last RAN2 meeting [2], there is an FFS as:

· It is FFS if UE in RRC Connected can request SIB9 using on-demand SI request (by reusing OSI mechanism defined for RRC Connected UEs, with assumption of no additional work is needed in IIOT WI).

In this paper, we will discuss several potential impacts of reusing OSI mechanism for RRC connected UEs directly.
2. Discussion
2.1 Need of reference timing information delivery
During RAN2 Meeting #109, RAN2 sent a LS to SA2, asking for the information on whether and how the need for reference timing information can be determined for any given connected UE in Rel-16. SA2 replied that there is no need to send any additional information to NG-RAN to determine the need for reference time delivery [4]. Based on the reply LS, discussion about whether additional information is needed for gNB to figure out UE’s need for the reference time doesn’t reach a clear consensus. Companies’ opinions mainly spread into three groups [3]:
	Phase 1 summary:

· 6 companies think RAN can now that the reference time is needed based on information such as e.g. S-NSSAI, TSCAI or by configuration. 

· 3 companies do not agree that the existing mechanisms are sufficient or indicate they are not always available. 

· 2 companies did not provide an explicit answer and indicate that SA2 reply was unclear.

Furthermore, out of the 6 companies indicating that the information can be available at RAN, 2 companies indicate there is a value in allowing the UE to request such information from the gNB.


About half of the companies (6 companies) think the existing mechanism can already satisfy the need for reference time delivery, for instance, by using TSCAI from 5GC, while another half of companies (5 companies) pointed out that it was an unclear reply and RAN2 is supposed to work on UE-requesting enhancement, for example, by reusing the mechanism of on-demand SI in RRC-connected state.  
Since most of the submitted contributions proposed to rely on AS mechanism to request time information, it is also requested for the companies to provide their preferences for the options based on UE-requesting in the second-round email discussion [3]:

	Question 5: Considering that AS mechanism is required, which is your preferred option for the UE request of reference time information and why:

Option 1: Reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9

Option 2: Reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9 with additional assistance information
Option 3: Utilize UE assistance information procedure


 Option1, which is supported by 7 companies, is the straightforward way to add UE-requesting feature without changing the existing mechanism. As for Option 2, it is proposed to add an indicator to help gNB figure out whether the UTC or reference timing information is needed by UE, which may modify the current OSI mechanism. Two companies prefer Option 2. As for Option 3, UE is proposed to send assistance information in advance and receiving reference time by RRC dedicated signal, which is a different mechanism from OSI. 3 companies prefer Option 3. 
Considering Option 1, UE may need reference timing information more than occasional causes， e.g. establishing IIoT service as UE clock may drift away after some time since last synchronization. The gNB can broadcast reference timing information periodically, via SIB9, to help UE (re)synchronize to the gNB. In RAN2 meeting #106, it was agreed that the field used for reference time information delivery is excluded from estimation of changes in system information. The changes of timing information should neither result in system information change notifications nor a modification of ValueTag in SIB1, in a similar way as for timeInfoUTC. Therefore UE may need to acquire the system information with reference timing information to promptly update its clock by reusing RRC connected OSI mechanism before gNB broadcasting of reference timing information. It is straightforward to reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9 at this late stage. Upon receiving UE on-demand SI request, gNB can anyway decide to delivery time information either through broadcasting or unicasting. 
Observation 1: It is straightforward to reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9.
2.2 Current R16 OSI mechanism in RRC_CONNECTION
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Fig.1 not configured with common search space        Fig.2 configured with common search space
· For case that UE in RRC_CONNECTION with an active BWP not configured with common search space (Fig.1):
UE transmits DedicatedSIBRequst (RRC message) with SIBRequestInfo in it to request one or more SIBs, and receives the requested SIBs via RRC Reconfiguration message with dedicatedSystemInformationDelivery in it. This is the unicast alternative.
· For case that UE in RRC_CONNECTION with an active BWP configured with common search space (Fig.2):
UE transmits DedicatedSIBRequst (RRC message) with SIBRequestInfo in it to request one or more SIBs, and receives the requested SIBs via SI message. This is the broadcast alternative; or instead, UE receives RRC Reconfiguration message, which is the unicast alternative as above. Whether the response is broadcast or unicast here depends on gNB implementation. 
Based on current running CR 38.311[5], the field dedicatedSystemInformationDelivery in RRCReconfiguration is used to transfer SIB6, SIB7, SIB8 in RRC_IDLE and RRC_INACTIVE. For UEs in RRC_CONNECTED, this field is used to transfer the SIBs requested on-demand, for instance, SIB9. 
From above two cases, it is apparent that RRC reconfiguration message is the only choice when gNB transfer on-demand SI to connected UEs with unicast in current R16 discussion.
Observation 2: RRC reconfiguration messages must be used in gNB response to RRC connected OSI request with unicast.
According to running CR 38.331[6], the timeInfoUTC IE is mandatorily configured in the SIB9 IE, while the  referenceTimeInfo-r16 IE is optionally configured in the SIB9 IE:
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,

    ...,


[[


referenceTimeInfo-r16



ReferenceTimeInfo-r16





OPTIONAL

-- Need R


]]

}

-- TAG-SIB9-STOP

-- ASN1STOP

the above SIB9 information element shows, whether reference timing information is transferred is based on gNB implementation if SIB9 is adapted to OSI mechanism. As UTC is corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted, when SIB9 is transferred by unicast, UTC time would lack its reference SFN and could fail to help UE figure out to which SFN boundary the UTC time corresponds exactly.

Observation 3: UTC time would lack its reference SFN when SIB9 is transferred by unicast.

ReferenceTimeInfo information element

-- ASN1START

-- TAG-REFERENCETIMEINFO-START

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

}

ReferenceTime-r16 ::=           SEQUENCE {

    refDays-r16                         INTEGER (0..72999),

    refSeconds-r16                      INTEGER (0..86399),

    refMilliSeconds-r16                 INTEGER (0..999),

    refTenNanoSeconds-r16               INTEGER (0..99999)

}

-- TAG-REFERENCETIMEINFO-STOP

-- ASN1STOP

As showed in ReferenceTimeInfo above, reference SFN of reference time is conditionally present. Only if referenceTimeInfo field is received in DLInformationTransfer message, the referenceSFN field indicates the SFN of PCell, as explained in running CR 38.331[6].

Observation 4: The reference time would miss its reference SFN when DLInformationTransfer message is absent.
Apart from RRC reconfiguration, reference time could also be delivered by gNB in dedicated RRC message DLInformationTransfer without UE’s initiative request [6]:
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                DLInformationTransfer-v16xy-IEs 
OPTIONAL
}

DLInformationTransfer-v16xy-IEs ::= SEQUENCE {

    referenceTimeInfo-r16               ReferenceTimeInfo-r16             OPTIONAL,   -- Need N

    lateNonCriticalExtension            OCTET STRING                      OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                       OPTIONAL
}

-- TAG-DLINFORMATIONTRANSFER-STOP

-- ASN1STOP

Observation 5: gNB can transfer reference timing information in DLInformationTransfer in current R16 discussion. 
2.3 R16 solutions to adapt SIB9 to RRC connected OSI mechanism
In current R16 discussion for reusing RRC connected OSI mechanism according to observation 2/3/4, gNB may inform unicast SIB9 without reference SFN. In this way, UE could get reference SFN by receiving broadcast and correspond the unicast time information to the SFN boundary at or immediately after the ending boundary of the SI-window. However, there is risk when UE fails to receive or decode the SIB9 message transferred by gNB, and process of HARQ retransmission would be triggered. That will make UE confused at which ending boundary of SI window should be used, as showed in Fig3. 
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Fig.3 Illustration of gNB unicast SIB9 without reference SFN
To solve the problem raised above and make SIB9 adapted to RRC connected OSI mechanism, 3 options are offered here:
· Option1: Add referenceSFN IE for  timeInfoUTC when SIB9 is transferred by unicast

· Option2: Ensure referenceSFN IE is always available to the reference timing information, i.e. reference SFN should be mandatory in RRC reconfig.
· Option3: gNB informs reference timing information to UE in RRC dedicated signal, for example, DLInformationTransfer, which is triggered by UE requesting. 
It is emphasized in Opion1&2 that reference SFN should be present for both UTC time and reference time. Opion3 explores a new dedicated-signal-method to transfer RRC-connected on-demand reference timing information.
Proposal 1: UE in RRC Connected can request SIB9 by reusing OSI mechanism without indication.

Proposal 2: Some corrections should be made to unicast time information based on RRC connected OSI mechanism:
                    Option1: Add reference SFN for timeInfoUTC when timeinfoUTC is transferred by unicast.
                    Option2: Add reference SFN to dedicatedSystemInformationDelivery within RRC reconfiguration message when SIB9 is transferred by unicast.

                     Option3: gNB transfers reference time information to UE in RRC dedicated signal, e.g. DLInformationTransfer when request by UE in RRC Connected with OSI mechanism.
3. Conclusion

In this contribution, we discussed several potential impacts of reusing OSI mechanism for RRC connected UEs directly and made the following observations and proposals:
Observation 1: It is straightforward to reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9.
Observation 2: RRC reconfiguration messages must be used in gNB response to RRC connected OSI request with unicast.

Observation 3: UTC time would lack its reference SFN when SIB9 is transferred by unicast.

Observation 4: The reference time would miss its reference SFN when DLInformationTransfer message is absent.

Observation 5: gNB can transfer reference timing information in DLInformationTransfer in current R16 discussion. 
Proposal 1: UE in RRC Connected can request SIB9 by reusing OSI mechanism without indication.

Proposal 2: Some corrections should be made to unicast time information based on RRC connected OSI mechanism:
                    Option1: Add reference SFN for timeInfoUTC when timeinfoUTC is transferred by unicast.

                    Option2: Add reference SFN to dedicatedSystemInformationDelivery within RRC reconfiguration message when SIB9 is transferred by unicast.

                    Option3: gNB transfers reference time information to UE in RRC dedicated signal, e.g. DLInformationTransfer when request by UE in RRC Connected with OSI mechanism.
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