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1	Introduction
At RAN3#114e, time synchronization enhancements were discussed and the following agreements achieved:
Introduce the Time Synchronisation Assistance Information IE as an optional UE-level parameter in 
-	NGAP (INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST, and PATH SWITCH REQUEST ACKNOWLEDGEMENT [FFS]),
-	XnAP (HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE)

 The Time Synchronisation Assistance Information IE includes two sub-IEs:
-	Time Distribution Indication IE, encoded as ENUMERATED type with two codepoints (enabled, disabled).
-	Uu Time Synchronisation Error Budget IE encoded as INTEGER type having range 1ns to 1ms, and 1ns granularity.

WA: The Uu Time Synchronisation Error Budget IE is needed over F1AP, details FFS.

As highlighted above, some open issues remain. In this paper, we analyse the remaining open issues for time synchronization assistance information over F1AP and NGAP. A text proposal for F1AP is also provided.
[bookmark: _Hlk527071819]2	Discussion
2.1	Background
The configuration of the referenceTimeInfo (RTI) delivery for a UE is up to the serving gNB (i.e., SIB9 and/or RRC delivery). To determine the configuration the gNB can take into account e.g. local configuration for SIB9 broadcasting in the cell, UE preference (indicated via RRC within UEAssistanceInformation) for reference time information, time synchronization assistance information (i.e., time distribution indication and Uu time synchronization error budget) provided by the CN, etc. Then, the gNB can set the transmission of RTI as follows:
-	Periodically broadcast on DL-SCH (periodicity from 80ms to 5.12s)
-	Broadcast on-demand on DL-SCH
-	Unicast on DL-SCH
-	Unicast on-demand on DL-SCH
Focusing on RTI delivery via SIB9 broadcasting and considering the disaggregated gNB scenario, the gNB-DU is responsible for determining the scheduling of SIB9. Therefore, F1AP signaling exchanges to enable SIB9 broadcast are as follows:
1)	gNB-CU sends the SYSTEM INFORMATION DELIVERY COMMAND message to the gNB-DU to trigger broadcast of SIB9.
2)	Upon reception of the SYSTEM INFORMATION DELIVERY COMMAND message for SIB9, the gNB-DU determines the scheduling of SIB9 and sends the GNB-DU CONFIGURATION UPDATE to the gNB-CU with the SI-schedulingInfo. This IE will contain the SIB9 window length and SIB9 periodicity among other attributes needed for acquisition of SIB9. 
3)	gNB-CU sends the REFERENCE TIME INFORMATION REPORTING CONTROL message to the gNB-DU to request reporting of accurate RTI to the gNB-CU. This reporting can be configured with the same periodicity as SIB9 to have accurate timing at the gNB-CU for the dedicated RTI signalling.
4)	gNB-CU periodically sends the GNB-CU CONFIGURATION UPDATE message to gNB-DU to transfer updated SIB9 information.
2.2	F1AP open issues
During the previous RAN3 meeting, it was discussed if the IEs of Time Synchronization Assistance Information (i.e., Uu Time Synchronisation Error Budget and Time Distribution Indication) must be known by the gNB-DU to decide the reference time distribution to the UEs, e.g., determine the periodicity of SIB9 and/or provide appropriate reference time accuracy, as proposed in [1] and [2]. 
In our understanding, for the disaggregated gNB scenario, the entity (gNB-CU or gNB-DU) that is responsible for determining the RTI delivery periodicity should be aware of the Time Synchronization Assistance Information. For the RTI delivery methods, we can consider:
-	For RRC-based RTI delivery, the gNB-CU controls both the delivery and encoding of the DL RRC messages. Therefore, there is no need to deliver Time Synchronization Assistance Information parameters to the gNB-DU in this case. 
-	For SIB9-based RTI delivery, the gNB-CU triggers and encodes SIB9 but the gNB-DU determines the scheduling attributes for SIB9. Since the Uu Time Synchronisation Error Budget may influence the determination of the periodicity of SIB9 in the cell, the gNB-DU must be aware of this parameter to properly configure SIB9.
Observation 1:	To support RTI delivery via SIB9, the gNB-CU should provide Uu Time Synchronisation Error Budget to the gNB-DU.
Although the Uu Time Synchronisation Error Budget provided by the CN is UE-specific, the SIB9 broadcast is cell specific and thus one common value that represents the cell-level Uu Time Synchronisation Error Budget value for the subset of UEs served by the gNB-DU (via SIB9) will be enough at the gNB-DU. 
The gNB-CU is responsible for determining this cell-level value and provides it to the gNB-DU to influence the SIB9 periodicity configuration. The determination of the cell-level Uu Time Synchronisation Error Budget is up to gNB-CU implementation. The gNB-CU may take into account the most stringent Uu Time Synchronisation Error Budget from the UEs served by the gNB-DU, or it may choose a cell-level Uu Time Synchronisation Error Budget that can satisfy most of the UEs in the cell and complement SIB9 with dedicated RRC messages to provide RTI to the remaining UEs which have the strictest timing requirement (which cannot be satisfied by the more relaxed SIB9 periodicity). In this way, the gNB-CU has the role of influencing SIB9 periodicity balancing between broadcast resources and dedicated resources (e.g., the gNB-CU may want to keep a relaxed SIB9 periodicity if only a very small number of UEs within the cell will benefit from smaller SIB9 periodicity). Therefore, the scope of the Uu Time Synchronisation Error Budget changes from UE level at the gNB-CU to cell level at the gNB-DU and non-UE associated signalling can be used over the F1AP interface. 
Proposal 1:	The gNB-CU determines a Cell Level Uu Time Synchronisation Error Budget value and provides it to the gNB-DU via F1AP using the SYSTEM INFORMATION DELIVERY COMMAND message.
The Time Synchronization Assistance Information IE received by the gNB-CU from the CN includes a Time Distribution Indication IE which can have values “enabled” or “disabled”.  This means that the time synchronization service for a UE can be dynamically enabled and disabled, and thus the need for SIB9 broadcast may also change over time. However, the System Information Delivery Command procedure only supports gNB-CU request to start broadcast of Other SI. There is no mechanism for the gNB-CU to request to stop an ongoing broadcast. This is a general limitation in F1AP specification not specific to SIB9.
Observation 2:	A mechanism is needed to enable the gNB-CU to stop an ongoing broadcast.
In order to support such a mechanism, a new IE could be introduced in the SYSTEM INFORMATION DELIVERY COMMAND message to indicate that broadcast of a certain SI type is to be stopped. 
Proposal 2:	Introduce a new SI Stop Indicator IE within the SIType List IE to indicate that broadcast of the associated SI Type is to be stopped.
2.3	NGAP open issues
It has been agreed that the Time Synchronization Assistance Information IE can be provided by the AMF in the INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, and HANDOVER REQUEST messages. However, it is FFS whether the IE can also be included in the PATH SWITCH REQUEST ACKNOWLEDGE message.
The PATH SWITCH REQUEST ACKNOWLEDGE message occurs in the last phase of the Xn-based handover and the target gNB should have already received the Time Synchronization Assistance Information IE from the source gNB via Xn to influence SIB9 and/or RRC delivery of RTI for the UE. The CN also has the option to update the information at any time via the UE CONTEXT MODIFICATION REQUEST message.
Nevertheless, the Path Switch Request procedure would provide the CN a trigger to update the Time Synchronization Assistance Information (e.g., new Uu Time Synchronisation Error Budget value, or enable/disable time distribution for the UE) at the target gNB if the AMF has new information available provided by the TSCTSF that was not yet updated at the source gNB yet.
Proposal 3:	The Time Synchronization Assistance Information IE can be included in the PATH SWITCH REQUEST ACKNOWLEDGE message (i.e., remove FFS).
3	Conclusions
In this paper, we analysed the remaining open issues for time synchronization assistance information over F1AP and NGAP. The following is proposed:
Proposal 1:	The gNB-CU determines a Cell Level Uu Time Synchronisation Error Budget value and provides it to the gNB-DU via F1AP using the SYSTEM INFORMATION DELIVERY COMMAND message.
Proposal 2:	Introduce a new SI Stop Indicator IE within the SIType List IE to indicate that broadcast of the associated SI Type is to be stopped.
Proposal 3:	The Time Synchronization Assistance Information IE can be included in the PATH SWITCH REQUEST ACKNOWLEDGE message (i.e., remove FFS).
A TP for the F1AP BL CR is provided in Annex A reflecting the necessary changes for Proposals 1 and 2.
Note that Proposal 3 only requires removal of FFS in the NGAP BL CR.
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Figure 8.6.1.2-1: System Information Delivery procedure. Successful operation.
The gNB-CU initiates the procedure by sending a SYSTEM INFORMATION DELIVERY COMMAND message to the gNB-DU. 
Upon reception of the SYSTEM INFORMATION DELIVERY COMMAND message, the gNB-DU shall broadcast the requested Other SI, and delete the UE context corresponding to the Confirmed UE ID IE, if any.
If the Cell Level Uu Time Synchronisation Error Budget IE is included in the SYSTEM INFORMATION DELIVERY COMMAND message, the gNB-DU may, if supported, take it into consideration for SIB9 scheduling purposes.
If the SI Stop Indicator IE within the SI Type List IE is included in the SYSTEM INFORMATION DELIVERY COMMAND message, the gNB-DU shall, if supported, stop broadcast of the concerned SI Type.
Interactions with gNB-DU Configuration Update procedure:
Upon reception of SYSTEM INFORMATION DELIVERY COMMAND message, the gNB-DU Configuration Update procedure may be performed , and as part of such procedure the gNB-DU shall include the Dedicated SI Delivery Needed UE List IE in GNB-DU CONFIGURATION UPDATE message for UEs that are unable to receive system information from broadcast.

Next Change
9.2.5.1	SYSTEM INFORMATION DELIVERY COMMAND
This message is sent by the gNB-CU and is used to enable the gNB-DU to broadcast the requested other SI.
Direction: gNB-CU  gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	NR CGI
	M
	
	9.3.1.12
	NR cell identifier
	YES
	reject

	SIType List
	M
	
	9.3.1.62
	
	YES
	reject

	Confirmed UE ID
	M
	
	gNB-DU UE F1AP ID
9.3.1.5
	
	YES
	reject

	Cell Level Uu Time Synchronisation Error Budget
	O
	
	Uu Time Synchronisation Error Budget
9.3.1.x
	
	YES
	reject



Next Change
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This IE is used by gNB-CU to provide SI list of other SI for gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	SI type item IEs
	
	1.. <maxnoofSITypes>
	
	
	
	

	>SI Type
	M
	
	 
INTEGER (1..32, ...)
	Indicates a certain SI type required to be broadcasted by the gNB-DU. The SI Type value of other SI starts from 2
	-
	

	>SI Stop Indicator
	O
	
	ENUMERATED(true,…)
	Indicates that broadcast of a certain SI type is to be stopped.
	YES
	reject



	Range bound
	Explanation

	maxnoofSITypes
	Maximum no. of SI types, the maximum value is 32.
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This IE indicates the Uu Time Synchronisation Error Budget as defined in TS 23.502 [x].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Uu Time Synchronisation Error Budget
	M
	
	INTEGER (1..1000000, …)
	Expressed in units of 1ns.
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9.4.4	PDU Definitions
** SKIPPING UNCHANGED TEXT **

	SpatialRelationPerSRSResource,
	UuTimeSyncErrorBudget



FROM F1AP-IEs

** SKIPPING UNCHANGED TEXT **

	id-SRSSpatialRelationPerSRSResource,
	id-CellLevelUuTimeSyncErrorBudget
	maxCellingNBDU,
	maxnoofCandidateSpCells,
	maxnoofDRBs,
	maxnoofErrors,
	maxnoofIndividualF1ConnectionsToReset,
	maxnoofPotentialSpCells,
	maxnoofSCells,
	maxnoofSRBs,
	maxnoofPagingCells,
	maxnoofTNLAssociations,
	maxCellineNB,
	maxnoofUEIDs,
	maxnoofBHRLCChannels,
	maxnoofRoutingEntries,
	maxnoofChildIABNodes,
	maxnoofServedCellsIAB,
	maxnoofTLAsIAB,
	maxnoofULUPTNLInformationforIAB,
	maxnoofUPTNLAddresses,
	maxnoofSLDRBs,
	maxnoofTRPInfoTypes,
	maxnoofTRPs



FROM F1AP-Constants;

** SKIPPING UNCHANGED TEXT **

SystemInformationDeliveryCommand ::= SEQUENCE {
	protocolIEs			ProtocolIE-Container       {{ SystemInformationDeliveryCommandIEs}},
	...
}

SystemInformationDeliveryCommandIEs F1AP-PROTOCOL-IES ::= {
	{ ID id-TransactionID			CRITICALITY reject	TYPE TransactionID					PRESENCE mandatory	}|
	{ ID id-NRCGI					CRITICALITY reject	TYPE NRCGI							PRESENCE mandatory	}|
	{ ID id-SItype-List				CRITICALITY reject	TYPE SItype-List					PRESENCE mandatory	}|
	{ ID id-ConfirmedUEID 			CRITICALITY reject	TYPE GNB-DU-UE-F1AP-ID				PRESENCE mandatory	}|
	{ ID id-CellLevelUuTimeSyncErrorBudget		CRITICALITY reject	TYPE UuTimeSyncErrorBudget		PRESENCE optional	},
	...
}

Next Change
[bookmark: _Toc20956003][bookmark: _Toc29893129][bookmark: _Toc36557066][bookmark: _Toc45832586][bookmark: _Toc51763908][bookmark: _Toc64449080][bookmark: _Toc66289739][bookmark: _Toc74154852][bookmark: _Toc81383596][bookmark: _Toc88658230]9.4.5	Information Element Definitions
** SKIPPING UNCHANGED TEXT **

	id-SRSSpatialRelationPerSRSResource,
	id-SIstopIndicator,
	maxNRARFCN,

** SKIPPING UNCHANGED TEXT **

SIstopIndicator ::= ENUMERATED (true, ...)

SItype ::= INTEGER (1..32, ...)

SItype-List ::= SEQUENCE (SIZE(1.. maxnoofSITypes)) OF SItype-Item

SItype-Item ::= SEQUENCE {
	sItype		SItype	,
	iE-Extensions	ProtocolExtensionContainer { { SItype-ItemExtIEs } }	OPTIONAL
}

SItype-ItemExtIEs 	F1AP-PROTOCOL-EXTENSION ::= {
	{ ID id-SIstopIndicator	CRITICALITY reject	EXTENSION SIstopIndicator		PRESENCE optional	},
	...
}

** SKIPPING UNCHANGED TEXT **

URI-address ::= VisibleString

UuTimeSyncErrorBudget ::= INTEGER (1..1000000, ...)

Next Change
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** SKIPPING UNCHANGED TEXT **

id-SRSSpatialRelationPerSRSResource					ProtocolIE-ID ::= 435
id-CellLevelUuTimeSyncErrorBudget					ProtocolIE-ID ::= xxx
id-SIstopIndicator									ProtocolIE-ID ::= xxx


End of Text Proposal for TS 38.473 BL CR
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