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1. Introduction
[bookmark: OLE_LINK655][bookmark: OLE_LINK656]RAN3#112-e has discussed the R17 propagation delay compensation and the following conclusion is captured: 
	· Wait for RAN2/SA2 decision on Time Synchronization assistance parameters before further discussing in RAN3.
· Further discuss assistance information that may be useful for the target gNB to maintain timing accuracy required by the UE following handover, focusing on RAN3 aspects.



[bookmark: OLE_LINK658][bookmark: OLE_LINK659]This paper further discusses the remaining issues about the time synchronisation enhancement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
[bookmark: OLE_LINK195]2.1 Introduction of RAN2 progress on PDC
On the propagation delay pre-compensation, RAN3 sent an LS on gNB-based propagation delay compensation, where it was suggested to inform RAN3 if a decision is reached to support gNB-based PDC [2].
After RAN2#114-e meeting, the email discussion about the propagation delay compensation is triggered in [Post114-e][512]. Below provides RAN2 discussion, based on which RAN3 can define the related protocol functions if any. 
Generally there are two pre-compensation mechanisms: TA-based and RTT-based.  
· [bookmark: OLE_LINK200]Network Pre-compensation for TA-based PDC method 

· Pre-compensation for RTT-based PDC method 
a) Option 1: Support UE-side PDC only for RTT based method.
b) Option 2: Support gNB-side pre-compensation only for RTT method
c) Option 3: Support both UE-side PDC and gNB-side pre-compensation for RTT based method
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: OLE_LINK633]
For the above two methods, as specified above, the following provides the potential F1 impact. 
· TA-based propagation delay pre-compensation
[bookmark: OLE_LINK9]For the network based propagation delay, in the CU/DU split case,  the DU may need to signal the exact propagation delay value to the CU, so that the CU can send the dedicated 5G time to the UE. Alternatively, the DU can signal the dedicated 5G time to the CU after the PD compensation for the UE, then the CU can send it to the UE.
· RTT-based propagation delay pre-compensation
[bookmark: OLE_LINK11]For the network based propagation delay, in the CU/DU split case, RAN3 needs to discuss whether the CU or DU performs the PD compensation based on the DU side Rx – Tx time difference and UE side Rx – Tx time difference. 
Even for the UE based PDC pre-compensation, if the gNB Rx-Tx time difference is sent using unicast RRC message, RAN3 needs to consider for the DU to send the measured Rx-Tx time difference to the CU. 

Currently it is not clear which node (gNB-DU, gNB-CU or UE) will conduct PD compensation and which propagation delay compensation is adopted by other groups, but considering the approaching deadline, RAN3 can initiate the PDC discussion, at least with initial impact analysis. 
Proposal 1: [bookmark: OLE_LINK642]RAN3 can initiate the discussion on propagation delay compensation, and make impact analysis, then make final decision based other group progress. 

[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK232]
[bookmark: OLE_LINK3]2.2 Time synchronization assistance information 
This issue was discussed at the last RAN3-112-e meeting as follows [3].
	-	Issue (to be confirmed): How does the target gNB determine the actions it must take to maintain the timing accuracy required by the UE?  For example, when the next RTI is needed (e.g. how much delay can be tolerated to deliver the first RTI), the periodicity of the RTI, the need for propagation delay compensation, etc.


Also as indicated in [3], RAN2 has already agreed 
-	There is no UE clock drift issue to be addressed
-	The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  
 
[bookmark: OLE_LINK220][bookmark: OLE_LINK224][bookmark: OLE_LINK229][bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK235][bookmark: OLE_LINK230][bookmark: OLE_LINK231]From RAN3 perspective, during the inter-gNB handover procedure, the target gNB needs to know UE needs the time sync requirement and the 5G synchronisation time period needed by UE, so as to timely send the 5G sync time to UE to meet the time sync accuracy. We observe that the time sync request is indicated by the UE assistance information, however the target gNB have no idea of the Reference Time Information configuration at the source node, e.g. the synchronisation time period, broadcast/unicast mode. We consider these configuration in source gNB is useful for the synchronisation time configuration reference by the target RAN. That is to say, it can help the target gNB to determine the suitable time sync deliver mode and deliver period after the handover completion. 
In addition, it is beneficial for the target gNB to perform PDC during the handover, while the detailed impact may be different depending on the different PDC solutions. 
· For Network Pre-compensation for TA-based PDC method, the target gNB can calculate the PDC based on the RACH from the UE;
· For RTT-based PDC method, the target gNB or the UE can determine the RTT PDC only after the handover. But RAN3 can further consider whether the RTT PDC at the source gNB is needed by the target gNB once the PDC solutions are finalized as analysed in Section 2.1. 
[bookmark: OLE_LINK236][bookmark: OLE_LINK233]Observation 1. The Reference Time Information configuration in the source gNB is useful for the synchronisation time configuration reference by the target RAN，it can help the target gNB determine the suitable time sync deliver mode and deliver period after the handover completion.
Proposal 2: [bookmark: OLE_LINK250]The source gNB sends the synchronisation time period, broadcast/unicast mode for UE to the target gNB as the time synchronization assistant information during the handover procedure.
We provide the RAN impact on TS 38.423 during the Xn handover procedure in the TP in the annex part.
2.3 Time synchronization error budget
Last RAN3 meeting discussed the time synchronization assistance information from the CN, and concluded depending on other group progress. Below provides more background information without proposal proposed. 
[bookmark: OLE_LINK237]Meanwhile RAN2#has sent a reply LS R2-2106560, and concluded that: 
· RAN2 sees some benefits to having this information
[bookmark: OLE_LINK210][bookmark: OLE_LINK211]This is beneficial for the NG-RAN to fulfil the time sync accuracy requirements. Regarding the detailed information content, this can have two alternatives:
· A simple indication for the strict synchronization budget requirement, or, 
· The exact Uu time synchronization error budget. 
Also RAN3 can further discuss whether this assistance information can be UE level, PDU session level or QoS flow level upon confirmation from other groups. 

3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1. The Reference Time Information configuration in the source gNB is useful for the synchronisation time configuration reference by the target RAN，it can help the target gNB determine the suitable time sync deliver mode and deliver period after the handover completion.
Proposal 1: RAN3 can initiate the discussion on propagation delay compensation, and make impact analysis, then make final decision based other group progress. 
Proposal 2: [bookmark: _Toc423020280][bookmark: OLE_LINK241][bookmark: OLE_LINK242]The source gNB sends the synchronisation time period, broadcast/unicast mode for UE to the target gNB as the time synchronization assistant information during the handover procedure.
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6. TP for 38.423
[bookmark: _Toc58483945][bookmark: _Toc56693388][bookmark: _Toc51850385][bookmark: _Toc45901306][bookmark: _Toc45107686][bookmark: _Toc44497298][bookmark: _Toc36555635][bookmark: _Toc29991235][bookmark: _Toc20955048][bookmark: _Toc20955180][bookmark: _Toc29991375][bookmark: _Toc36555775][bookmark: _Toc44497482][bookmark: _Toc45107870][bookmark: _Toc45901490][bookmark: _Toc51850569][bookmark: _Toc56693572][bookmark: _Toc58484129]8.2.1	Handover Preparation
[bookmark: _Toc58483946][bookmark: _Toc56693389][bookmark: _Toc51850386][bookmark: _Toc45901307][bookmark: _Toc45107687][bookmark: _Toc44497299][bookmark: _Toc36555636][bookmark: _Toc29991236][bookmark: _Toc20955049]8.2.1.1	General
This procedure is used to establish necessary resources in an NG-RAN node for an incoming handover. If the procedure concerns a conditional handover, parallel transactions are allowed. Possible parallel requests are identified by the target cell ID when the source UE AP IDs are the same.
The procedure uses UE-associated signalling.
[bookmark: _Toc58483947][bookmark: _Toc56693390][bookmark: _Toc51850387][bookmark: _Toc45901308][bookmark: _Toc45107688][bookmark: _Toc44497300][bookmark: _Toc36555637][bookmark: _Toc29991237][bookmark: _Toc20955050]8.2.1.2	Successful Operation


Figure 8.2.1.2-1: Handover Preparation, successful operation
The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
********************************
Skip to the next change
********************************
[bookmark: _Hlk36823579]If the Estimated Arrival Probability IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use the information to allocate necessary resources for the incoming CHO.
If the IAB Node Indication IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, consider that the handover is for an IAB node.
[bookmark: OLE_LINK257][bookmark: OLE_LINK5]If the UE Radio Capability ID IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context and use it as defined in TS 23.501 [7] and TS 23.502 [13].
If the TSN Time Synchronization Assistant Information IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context and use it as the TSN time synchronization configuration for UE.

Interaction with SN Status Transfer procedure:
If the UE Context Kept Indicator IE set to "True" and the DRBs transferred to MN IE are included in the HANDOVER REQUEST ACKNOWLEDGE message, the source NG-RAN node shall, if supported, include the uplink/downlink PDCP SN and HFN status received from the S-NG-RAN node in the SN Status Transfer procedure towards the target NG-RAN node, as specified in TS 37.340 [8].
********************************
Skip to the next change
********************************
9.1.1.1	HANDOVER REQUEST
This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.
Direction: source NG-RAN node  target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID
9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information
9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
Note: If no UE TNLA binding exists at the source NG-RAN node, the source NG-RAN node indicates the TNL association address it would have selected if it would have had to create a UE TNLA binding.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition, the source side QoS flow  DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	>Management Based MDT PLMN List 
	O
	
	MDT PLMN List
9.2.3.133
	
	YES
	ignore

	>5GC Mobility Restriction List Container
	O
	
	9.2.3.100
	
	YES
	ignore

	[bookmark: _Hlk44414173]>NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.107
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	>LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.108
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	>UE Radio Capability ID
	O
	
	9.2.3.138
	
	YES
	reject

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	–
	

	Conditional Handover Information Request
	O
	
	
	
	YES
	reject

	>CHO Trigger
	M
	
	ENUMERATED (CHO-initiation, CHO-replace, …)
	
	–
	

	>Target NG-RAN node UE XnAP ID
	C-ifCHOmod
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	NR V2X Services Authorized
	O
	
	[bookmark: _Hlk44414243]9.2.3.105
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.2.3.106
	
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.2.3.109
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source NG-RAN node provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	UE History Information from the UE
	O
	
	[bookmark: _Hlk44418955]9.2.3.110
	
	YES
	ignore

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	[bookmark: OLE_LINK249]TSN Time Synchronization Assistant Information
	O
	
	9.2.x.y
	Indicating the TSN Timing Synchronization configuration provided by the Source NG-RAN
	YES
	ignore



	Condition
	Explanation

	ifCHOmod
	This IE shall be present if the CHO Trigger IE is present and set to "CHO-replace".



	Range bound
	Explanation

	maxnoofMDTPLMNs
	PLMNs in the Management Based MDT PLMN list. Value is 16.



********************************
Skip to the next change
********************************

9.2.x.y	TSN Time Synchronization Assistant Information
This IE contains the time synchronization assistant information provided by the source NG-RAN node.  
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TSN distribution
	M
	
	ENUMERATED
(broadcast, unicast, …)
	

	Periodicity
	M
	
	INTEGER (0..640000, …)
	Periodicity expressed in units of 1 us.
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