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1
Introduction
This paper discusses and proposes ownership, assembly and encoding of SIB9 for disaggregated gNB architecture to be at gNB-DU.
2
Discussion

Regarding how to deliver time information to 5G nodes (e.g. gNB or UPF), multiple solutions have been captured by SA2 in TR 23.734 [1]. 
The distribution of the 5G internal clock can be made available via signaling of time information related to absolute radio frames utilizing a similar concept for NR as using SIB broadcast or RRC unicast based methods as in LTE is included in the solutions [2]. This mechanism has potential impacts on the functional split between CU and DU. In LTE Rel-15, SIB-based clock delivery with 0.25 µs granularity is supported using SIB16, and the following has already been agreed by RAN2 [3]:
	· We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 

· 0.25us granularity can be starting point, FFS finer granularity than 0.25us


The corresponding SIB in NR containing time information is SIB9. In NR Rel-15 specifications, SIB9 with coarse (10ms) granularity is encoded in the CU. However, considering the synchronization requirements in TS 22.104 and time error budgets between gNB and UE, enhancements to the Rel-15 SIB-based signalling are needed in terms of e.g. finer granularity of the reference time information.

If SIB9 is encoded in the CU, then to achieve the necessary time synchronization accuracy, a mechanism to convey the following information to gNB-CU is required:

· Scheduling timing of SIB9 and periodicity, so that it may encode the correct reference time information in SIB9. This may imply that the DU indicates to the CU in which slot within the SI-window length it intends to broadcast SIB9, and also that the DU either always broadcasts SIB9 in that slot or sends the intended slot before each repetition. Moreover, the slot period varies upon used numerology i.e. sub carrier spacing.
· The CU needs to frequently provide updates of the SIB value to the DU, which can be as frequent as every 80ms. The SIB updated values shall be available prior to broadcast and moreover also consider the F1 link latency, the required processing latency at DU and when exactly the SIB is to be broadcasted.

· How SFN+slot information provided by the DU translates into a time in 0.25us (or finer) granularity. This may imply that the CU and DU must share a common time reference, and the DU must provide the CU with one initialization time for the SFN.

Addressing the above functions is complex and creates very strict synchronization requirements to between the CU and the DU. Additionally, it also generates unnecessary load at both nodes and the F1 links due to the update periodicity of SIB9. Moreover, considering the potentially unreliable nature of the F1 link and possible SCTP retransmissions, it will be very difficult to achieve and ensure the required level of time synchronization accuracy utilizing standard methods. This may lead to wrong delay compensation calculation, resulting in failure to broadcast on time. Hence, there may be further impact to develop new or additional mechanisms to account for these variables.

Further, the DU loses its autonomy to schedule SIBs, given that it must follow and schedule the broadcast at an SI-window previously known or chosen by CU. Otherwise, new mechanisms will be required to deal with the information to be exchanged between these nodes and incur developing further additional functionalities. 

Observation 1: Ownership and assembly of NR SIB9 at gNB-CU is complex and creates very strict synchronization requirements between the gNB-CU and the gNB-DU. Further, it generates unnecessary load at the nodes at F1 link due to the update periodicity required.

Alternatively, RAN3 could consider assembly and encoding of SIB9 in the gNB-DU, e.g. to avoid synchronization requirement between CU and DU, and/or dynamic signalling from DU to CU of the scheduling timing of SIB9.
Proposal 1: It is proposed that gNB-DU owns and assembles NR SIB9.
3
Conclusions
Observation 1: Ownership and assembly of NR SIB9 at gNB-CU is complex and creates very strict synchronization requirements between the gNB-CU and the gNB-DU. Further, it generates unnecessary load at the nodes at F1 link due to the update periodicity required.

Proposal 1: It is proposed that gNB-DU owns and assembles NR SIB9.
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Annex – NR SIB9 and LTE SIB16
<< excerpt from 38.311 regarding SIB9 in NR >>
–
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).

<< end of excerpt from 38.311 regarding SIB9 in NR >>
<< excerpt from 36.311 regarding SIB16 in LTE >>
–
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).

<< end of excerpt from 36.311 regarding SIB16 in LTE >>

