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1   Introduction
Last RAN3#104 meeting agreed the Rel-15 SIB9 Broadcast mechanism in [1] as follows. 
· The gNB-DU may re-encode SIB9
During the discussion of Rel-16 IIoT WI, the SIB9 encoding was discussed with the offline summary in [2]. 
· SIB9 Encoding

· Option 1 – SIB9 is encoded by gNB-CU (as in Release 15). However, gNB-DU may additionally “re-write/refresh/re-encode” the SIB9 contents with the time reference information available at gNB-DU

· Option 3 – SIB9 is encoded only by gNB-DU, the time reference information used is the one available at the gNB-DU 

Also last RAN2#106 meeting agreed the accurate reference time provisioning as follows.
	· SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided by broadcast signalling (as in LTE)

· The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future, in case the time reference information is provided by unicast signalling 

· Signalling to support 10ns granularity. 

· R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 


In this contribution, we further analyse the reference timing delivery for CU-DU split case. 
2   Discussion

Currently for F1 interface in Rel-15, only MIB and SIB1 is generated by the DU, while other SIs are generated by the CU. For the IIoT Rel-16 Work Item, as captured above, RAN2 already assumed RAN3 can decide either SIB 9 or new SIB is used. 

Below gives the analysis for these two options when applicable for both the broadcast and unicast signalling to deliver the reference time information. 

· Option 1: Reuse SIB9 for reference time information 
For SIB 9 broadcast, RAN3 already agreed that the gNB-CU encode SIB9 while the gNB-DU may re-encode SIB9 in Rel-15. Thus for this option, the principle should be kept even for Rel-16 to allow backward compatibility. This could apply to both msg1 and msg3 based on-demand SI request. 
For unicast signalling of SIB9, the referenceSFN should be included to indicate the time information. Then the UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future. 
Since the referenceSFN normally is managed by the gNB-DU, thus it requires the gNB-DU to send the referenceSFN and the timeInfo (including the exact timing information corresponding to the referenceSFN) to the gNB-CU, then the gNB-CU can encode the unicast signalling to the UE.  An illustrative procedure can be shown in the Figure 1 below,
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Figure 1. Reference timing information delivery procedure

· Option 2: new SIB for reference time information

In this option, the new SIB can be encoded by the gNB-DU, which is similar to the MIB and SIB1. 
Then for this new SIB broadcast, the gNB-DU can broadcast the reference time information directly.  For on-demand SI request, 
· Msg3 based: the gNB-CU can notify the gNB-DU to trigger the new SIB broadcast.

· Msg1 based: the DU can broadcast the New SIB directly.
For unicast signalling, the handling is similar to the option 1. That is, the gNB-DU may provide the referenceSFN  and timeInfo  corresponding to a reference SFN to the gNB-CU, then the gNB-CU encapsulates the unicast message to the UE.  
Based on above analysis, both options could support the timer reference information transfer for the disaggregated gNB. 
Option 1 is slightly preferred due to the following reasons. 
· The gNB-DU has the very same handlings for Rel-15  and Rel-16 SIB9 broadcast (i.e. re-encode SIB 9);
· The gNB-CU performs similar actions for Rel-15 and Rel-16 SIB9 encoding. 
Proposal 1: The SIB9 can be reused for the Rel-16 reference time information. 

Proposal 2: For Unicast signalling transfer, the reference time with the associated SFN is transferred by the gNB-DU to the gNB-CU for RRC encoding. 
Proposal 3: For broadcast signalling, the gNB-DU can re-encode SIB9 similar to Rel-15 handling.
A corresponding CR to TS 38.473 can be found in [5].
3   Conclusion
In this contribution, we discussed reference time delivery for CU/DU case with the following proposals.  
Proposal 4: The SIB9 can be reused for the Rel-16 reference time information. 

Proposal 5: For Unicast signalling transfer, the reference time with the associated SFN is transferred by the gNB-DU to the gNB-CU for RRC encoding . 

Proposal 6: For broadcast signalling, the gNB-DU can re-encode SIB9 similar to Rel-15 handling.
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5   Annex – NR SIB9 and LTE SIB16
<< SIB 9 in TS 38.331>>
–
SIB9

SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:
The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
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,

    ...

}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.


NOTE 1:
The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

<< SIB 9 in TS 36.331>>
–
SystemInformationBlockType16

The IE SystemInformationBlockType16 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:
The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock (a.o. to determine MBMS session start/ stop).
SystemInformationBlockType16 information element
-- ASN1START

SystemInformationBlockType16-r11 ::=

SEQUENCE {


timeInfo-r11






SEQUENCE {



timeInfoUTC-r11





INTEGER (0..549755813887),


dayLightSavingTime-r11



BIT STRING (SIZE (2))

OPTIONAL,
-- Need OR



leapSeconds-r11





INTEGER (-127..128)


OPTIONAL,
-- Need OR



localTimeOffset-r11




INTEGER (-63..64)


OPTIONAL
-- Need OR


}
















OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING



OPTIONAL,


...,


[[
timeReferenceInfo-r15



TimeReferenceInfo-r15
OPTIONAL
-- Need OR


]]

}

-- ASN1STOP

	SystemInformationBlockType16 field descriptions

	dayLightSavingTime

It indicates if and how daylight saving time (DST) is applied to obtain the local time. The semantics is the same as the semantics of the Daylight Saving Time IE in TS 24.301 [35] and TS 24.008 [49]. The first/leftmost bit of the bit string contains the b2 of octet 3, i.e. the value part of the Daylight Saving Time IE, and the second bit of the bit string contains b1 of octet 3.

	leapSeconds

Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset

Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC

Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). NOTE 1.

This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.


NOTE 1:
The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) - 2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

–
TimeReferenceInfo

TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo-r15 ::=

SEQUENCE {


time-r15






ReferenceTime-r15,


uncertainty-r15





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r15




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r15




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef
}

ReferenceTime-r15 ::=


SEQUENCE {


refDays-r15






INTEGER (0..72999),


refSeconds-r15





INTEGER (0..86399),


refMilliSeconds-r15




INTEGER (0..999),


refQuarterMicroSeconds-r15


INTEGER (0..3999)

}

-- ASN1STOP
	TimeReferenceInfo field descriptions

	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.

	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.

	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.


	Conditional presence
	Explanation

	TimeRef
	The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.
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