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1. Introduction
[bookmark: OLE_LINK658][bookmark: OLE_LINK659]The RAN2 LS on the time synchronization is provided in [1], with the following contents. 
	In RAN2#116bis e-meeting, based on the latest RAN1 progress as indicated in [R2-2200080], RAN2 has discussed the open issues for Time Synchronization and focus on the specification impacts of RTT-based PDC and legacy TA-based PDC procedures. The agreements are achieved as below:
1. Both RTT-based PDC and legacy TA-based PDC are supported.
2. Both RTT-based UE side PDC and RTT-based gNB side PDC are supported.  RTT-based gNB side PDC has to be a simple solution and converge by February meeting.  
3. A single pair of TRS/PRS and SRS is configured via RRC signaling for RTT-based PDC.
4. For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNBRx-Tx, shall be provided to UE via DLInformationTransfer signaling.
5. No need to introduce additional activation for RTT measurement in UE side.
6. For RTT-based gNB side PDC, RRC measurement framework can be reused as baseline to provide UE Rx-Tx time difference report.
7. For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.
8. The signaling flow(s) of RTT-based PDC can be captured in stage-2 specification (taking the examples in [R2-2200991] or [R2-2201016] as baseline). The details can be further fine-tuned based on RAN2 agreements during stage-2 running CR review.
9. FFS an explicit indication to only activate UE side TA-based PDC is introduced in SIB or in unicast signalling and what is indicated
10. FFS For TA-based PDC, it’s no need to specify PD calculation related contents in RAN2.
11. Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.
12. RAN2 confirms to introduce separate R17 UE capabilities for RTT-based PDC and legacy TA-based PDC, as defined by RAN1 feature list.
13. RAN2 confirm the agreement in last meeting that reference time provided in dedicated signaling takes priority.  FFS UE behavior when it receives reference time info via dedicated signaling.  
14. It’s no need to specify solution for the issue of mismatch between propagation delay value and reference time information.

Moreover, in recent RAN2 e-meetings, some agreements related to TA-based PDC have been achieved as below:
RAN2#115 e-meeting:
1. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.
2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17.
RAN2#116 e-meeting:
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.

RAN2 understands that the above agreements marked with highlight yellow may have impacts on RAN3 specifications, e.g., F1 application protocol. Therefore RAN2 respectfully ask RAN3 to take the above information into account and to see whether changes to specification are needed.

2. Actions:
To 3GPP RAN3
ACTION: RAN2 respectfully asks RAN3 to take the above information into account in their future work



Then based on the RAN2 progress and the offline discussion progress at RAN3#114bis-e [2], this paper further discusses the following issues related to the time synchronisation enhancements for RTT-based PDC.
· RTT-based Propagation Delay Compensation 
· Uu Synchronization Error Budget over F1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK633]2. Discussion
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]2.1 RTT-based Propagation Delay Compensation
For RTT-based PDC, RAN2 already agreed that both UE side PDC and gNB side PDC are supported. In order to support either PDC, the gNB-CU may request the gNB-DU to report the UL Rx-Tx time difference. Then depending on whether the pre-compensation is performed at UE or gNB, the gNB-CU sends to the UE the UL Rx-Tx time difference or the pre-compensated RTI, respectively, via unicast RRC message.
The basic procedure is provided as follows. 
· RTT-based PDC at UE
· The gNB-CU sends request to the gNB-DU to report the UL Rx-Tx measure difference, the request can be periodical or on demand.
· The gNB-DU reports the UL Rx-Tx time difference to the gNB-CU, so that the gNB-CU can send the UL Rx-Tx Time difference to the UE by unicast RRC message.

· RTT-based PDC at the gNB
· The gNB-CU requests the gNB-DU to report UE-specific UL Rx-Tx time difference, the request way can be periodical or on demand.
· The gNB-DU reports the UL Rx-Tx time difference to the gNB-CU, so that gNB-CU can perform PDC and send the pre-compensation time to UE by unicast RRC message.
Hence over F1, the impact is expected. Since the current positioning related messages e.g., POSITIONING MEASUREMENT REQUEST/ RESPONSE are non-UE associated messages, they cannot be reused for RTT-based PDC. Then a new procedure is needed. 
Proposal 1: Over F1, introduce a new RTT based PDC procedure, so that the gNB-DU reports UE-specific UL Rx-Tx time difference using new UE-associated procedure(s) according to gNB-CU’s request. 

2.2 Uu Synchronization Error Budget over F1. 
Previous RAN3#114bis meeting discussed the following issue. 
· The Uu Synchronisation Error Budget can affect the needed interval/periodicity of RTI delivery, i.e., smaller budget may require more frequent RTI updates than a larger budget.
As commented in [2], this budget is not relevant to the decision of the RTI delivery periodicity. This value in Rel-17 can be up to 900 ns only (as per SA1 requirement). This parameter can only be used for the PDC decided by the NG-RAN node, e.g, who performs PDC, which PDC algorithm is to be used, R16 PDC or R17 PDC mechanism etc. For example, 
-	for a large value e.g.900ns, the gNB can decide do nothing;
-	for a medium value, e.g., 400ns, the gNB can use the R16 PDC (based on UE implementation); 
-	for smaller value, e.g., 300 ns, the gNB can decide the R17 based PDC. 
When further checking the RAN2#114-e meeting Chairman notes (May, 2021), to reply SA2 question (S2-2103023), RAN2 made the following agreements relating to benefits of having the Uu time synchronization error budget at the NG-RAN but without the exact benefits are not listed
=>	RAN2 sees some benefits to having this information.  
=>	email discussion to finetune to converge on what to respond to SA2 

Hence we have the following proposal. 
Proposal 2: No need to signal the Uu Synchronization Error Budget over F1 (either UE-specific, or cell-specific value).
3. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1: Over F1, introduce a new RTT based PDC procedure, so that the gNB-DU reports UE-specific UL Rx-Tx time difference using new UE-associated procedure(s) according to gNB-CU’s request. 
Proposal 2: No need to signal the Uu Synchronization Error Budget over F1 (either UE-specific, or cell-specific value).
For Proposal 1 above, the corresponding TP for TS 38.473 can be found in the section 5.
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[bookmark: _Toc20955720][bookmark: _Toc29892814][bookmark: _Toc36556751][bookmark: _Toc45832127][bookmark: _Toc51763307][bookmark: _Toc64448470][bookmark: _Toc66289129][bookmark: _Toc74154242][bookmark: _Toc81382986][bookmark: _Toc88657619]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
5GC	5G Core Network
5QI	5G QoS Identifier
AMF	Access and Mobility Management Function
ARP	Antenna Reference Point
ARPI	Additional RRM Policy Index
BH	Backhaul
CAG	Closed Access Group
CN	Core Network
CG	Cell Group
CGI	Cell Global Identifier 
CHO	Conditional Handover
CP	Control Plane 
CPC	Conditional PSCell Change
DAPS	Dual Active Protocol Stack
DL	Downlink 
DL-PRS	Downlink Positioning Reference Signal
EN-DC	E-UTRA-NR Dual Connectivity
EPC	Evolved Packet Core
IAB	Integrated Access and Backhaul
IMEISV	International Mobile station Equipment Identity and Software Version number
LMF	Location Management Function
NID	Network Identifier
NPN	Non-Public Network
NSSAI	Network Slice Selection Assistance Information
posSIB	Positioning SIB
PDC	Propagation Delay Compensation
PNI-NPN	Public Network Integrated NPN
RANAC	RAN Area Code
RIM	Remote Interference Management
RIM-RS	RIM Reference Signal
RRC	Radio Resource Control
RSRP	Reference Signal Received Power
SNPN	Stand-alone Non-Public Network
S-NSSAI	Single Network Slice Selection Assistance Information
SUL	Supplementary Uplink
TAC	Tracking Area Code
TAI	Tracking Area Identity
TRP	Transmission-Reception Point
UL-AoA	Uplink Angle of Arrival 
UL-RTOA	Uplink Relative Time of Arrival
UL-SRS	Uplink Sounding Reference Signal
Z-AoA	Zenith Angles of Arrival

<Unchanged Text Omitted>

[bookmark: _Toc534903059][bookmark: _Toc51763505][bookmark: _Toc64448671][bookmark: _Toc66289330][bookmark: _Toc74154443][bookmark: _Toc81383187][bookmark: _Toc88657820][bookmark: _Toc51763557][bookmark: _Toc64448723][bookmark: _Toc66289382][bookmark: _Toc74154495]8.13	Propogation Delay Compensation Procedures
8.x.y	RTT PDC measurement
[bookmark: _Toc534903040][bookmark: _Toc51763558][bookmark: _Toc64448724][bookmark: _Toc66289383][bookmark: _Toc74154496]8.x.y.1	General
The purpose of RTT PDC Measurement procedure is to allow the gNB-CU to request the gNB-DU to report gNB Rx-Tx difference measurements. The procedure uses UE-associated signalling.
[bookmark: _Toc534903041][bookmark: _Toc51763559][bookmark: _Toc64448725][bookmark: _Toc66289384][bookmark: _Toc74154497]8.x.y.2	Successful Operation


Figure 8.x.y.2-1: gNB-side RTT PDC Measurement procedure: Successful Operation
The gNB-CU initiates the procedure by sending an RTT PDC MEASUREMENT REQUEST message. If the gNB-DU is able to initiate the requested RTT PDC measurements, it shall reply with the RTT PDC MEASUREMENT RESPONSE message.
If the RTT PDC Report Characteristics IE is set to "OnDemand", the gNB-DU shall return the result of the measurement in the RTT PDC MEASUREMENT RESPONSE message. The gNB-DU shall include the RTT PDC Measurement Result IE in the RTT PDC MEASUREMENT INITIATION RESPONSE message.
If the RTT PDC Report Characteristics IE is set to "Periodic", the gNB-DU shall initiate the corresponding measurements, and it shall reply with the RTT PDC MEASUREMENT RESPONSE message without including any measurement results in the message. The gNB-DU shall then periodically initiate the RTT PDC MEASUREMENT REPORT procedure for the corresponding measurements, with the requested reporting periodicity.
[bookmark: _Toc51763519][bookmark: _Toc64448685][bookmark: _Toc66289344][bookmark: _Toc74154457][bookmark: _Toc81383201][bookmark: _Toc88657834]8.x.z	RTT PDC Measurement Report
[bookmark: _Toc51763520][bookmark: _Toc64448686][bookmark: _Toc66289345][bookmark: _Toc74154458][bookmark: _Toc81383202][bookmark: _Toc88657835]8.x.z.1	General
The purpose of the RTT PDC Measurement Report is for the gNB-DU to report RTT PDC measurements to the gNB-CU. The procedure uses UE-associated signalling.
[bookmark: _Toc51763521][bookmark: _Toc64448687][bookmark: _Toc66289346][bookmark: _Toc74154459][bookmark: _Toc81383203][bookmark: _Toc88657836]8.x.z.2	Successful Operation


Figure 8.13.4.2-1: Positioning Measurement Report procedure: successful operation
The gNB-DU initiates the procedure by sending a RTT PDC MEASUREMENT REPORT message. The RTT PDC MEASUREMENT REPORT message contains the RTT PDC measurement results according to the associated measurement configuration.

<Unchanged Text Omitted>
[bookmark: _Toc534730141][bookmark: _Toc51763659][bookmark: _Toc64448828][bookmark: _Toc66289487][bookmark: _Toc74154600][bookmark: _Toc81383344][bookmark: _Toc88657977]9.2.x	Messages for Propogation Delay Compensation Procedures
9.2.x.y       RTT PDC MEASUREMENT REQUEST
This message is sent by gNB-CU to request the gNB-DU to configure an RTT PDC measurement.
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
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	RTT PDC Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, …)
	
	YES
	reject

	RTT PDC Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, …, 20480ms, 40960ms)
	
	YES
	reject



	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the RTT-PDC Report Characteristics IE is set to the value "Periodic".



<Unchanged Text Omitted>
9.2.x.w	RTT PDC MEASUREMENT RESPONSE
This message is sent by gNB-DU to indicate that the requested RTT PDC measurement is successfully initiated.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	RTT-PDC Measurement Result
	O
	
	9.3.x.y
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	Ignore



9.2.x.z	RTT PDC MEASUREMENT REPORT
This message is sent by gNB-DU to reports the requested RTT PDC measurement results.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	RTT-PDC Measurement Result
	O
	
	9.3.x.y
	
	YES
	ignore



<Unchanged Text Omitted>
9.3.x.y RTT-PDC Measurement Result 
The information element contains the RTT-PDC measurement result. 

	IE/Group Name 
	Presence 
	Range 
	IE Type and Reference 
	Semantics Description 

	gNB Rx-Tx Time Difference
	M
	
	9.3.1.170
	

	Time Stamp
	M
	
	9.3.1.171
	




[bookmark: _Toc20956001][bookmark: _Toc29893127][bookmark: _Toc36557064][bookmark: _Toc45832584][bookmark: _Toc51763906][bookmark: _Toc64449078][bookmark: _Toc66289737][bookmark: _Toc74154850][bookmark: _Toc81383594][bookmark: _Toc88658228]9.4.3	Elementary Procedure Definitions
-- ASN1START 
-- **************************************************************
--
-- Elementary Procedure definitions
--
-- **************************************************************

<Unchanged Text Omitted>

FROM F1AP-CommonDataTypes
<Unchanged Text Omitted>
	RTTPDCMeasurementRequest,
	RTTPDCMeasurementResponse,
	RTTPDCMeasurementReport

FROM F1AP-PDU-Contents
<Unchanged Text Omitted>

	id-RTTPDCMeasurementRequest,
	id-RTTPDCMeasurementResponse,
	id-RTTPDCMeasurementReport


F1AP-ELEMENTARY-PROCEDURES-CLASS-2 F1AP-ELEMENTARY-PROCEDURE ::= {
<Unchanged Text Omitted>
	rTTPDCMeasurementReport                     |
    rTTPDCMeasurementResponse                   |
    rTTPDCMeasurementRequest,
	...
}

-- **************************************************************
--
-- Interface Elementary Procedures
--
-- **************************************************************

rTTPDCMeasurementRequest F1AP-ELEMENTARY-PROCEDURE ::= {
	INITIATING MESSAGE		RTTPDCMeasurementRequest
	PROCEDURE CODE			id-RTTPDCMeasurementRequest
	CRITICALITY				ignore
}

rTTPDCMeasurementResponse F1AP-ELEMENTARY-PROCEDURE ::= {
	INITIATING MESSAGE		RTTPDCMeasurementResponse
	PROCEDURE CODE			id-RTTPDCMeasurementResponse
	CRITICALITY				ignore
}

rTTPDCMeasurementReport F1AP-ELEMENTARY-PROCEDURE ::= {
	INITIATING MESSAGE		RTTPDCMeasurementReport
	PROCEDURE CODE			id-RTTPDCMeasurementReport
	CRITICALITY				ignore
}
9.4.4	PDU Definitions
-- ASN1START 
-- **************************************************************
--
-- PDU definitions for F1AP.
--
-- **************************************************************

F1AP-PDU-Contents { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-access (22) modules (3) f1ap (3) version1 (1) f1ap-PDU-Contents (1) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************
--
-- IE parameter types from other modules.
--
-- **************************************************************

IMPORTS
<Unchanged Text Omitted>
RTTPDCReportCharacteristics,
RTTPDCMeasurementPeriodicity,
RTTPDCMeasurementResult

FROM F1AP-Containers

<Unchanged Text Omitted>
id-RTTPDCReportCharacteristics,
id-RTTPDCMeasurementPeriodicity,
id-RTTPDCMeasurementResult


FROM F1AP-Constants;
<Unchanged Text Omitted>
-- **************************************************************
--
-- RTT-PDC MEASUREMENT PROCEDURE
--
-- **************************************************************

-- **************************************************************
--
-- RTT-PDC Measurement Request
--
-- **************************************************************

RTTPDCMeasurementRequest ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container	{{RTTPDCMeasurementRequest-IEs}},
	...
}

RTTPDCMeasurementRequest-IEs F1AP-PROTOCOL-IES ::= {
	{ ID id-gNB-CU-UE-F1AP-ID				CRITICALITY reject	TYPE GNB-CU-UE-F1AP-ID					PRESENCE mandatory	}|
	{ ID id-gNB-DU-UE-F1AP-ID				CRITICALITY reject	TYPE GNB-DU-UE-F1AP-ID					PRESENCE mandatory	}|
	{ ID id-RTTPDCReportCharacteristics		CRITICALITY reject	TYPE RTTPDCReportCharacteristics		PRESENCE mandatory	}|
	{ ID id-RTTPDCMeasurementPeriodicity	CRITICALITY reject	TYPE MeasurementPeriodicity		PRESENCE conditional	}|
-- The above IE shall be present if the RTT-PDC-ReportCharacteristics IE is set to "periodic" --
	{ ID id-RTTPDCMeasurementResult		CRITICALITY reject	TYPE RTTPDCMeasurementResult		PRESENCE mandatory},
	...
}

-- **************************************************************
--
-- RTT-PDC Measurement Response
--
-- **************************************************************

RTTPDCMeasurementResponse ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container	{{ RTTPDCMeasurementResponse-IEs}},
	...
}

RTTPDCMeasurementResponse-IEs F1AP-PROTOCOL-IES ::= {
	{ ID id-gNB-CU-UE-F1AP-ID			CRITICALITY reject	TYPE GNB-CU-UE-F1AP-ID				PRESENCE mandatory	}|
	{ ID id-gNB-DU-UE-F1AP-ID			CRITICALITY reject	TYPE GNB-DU-UE-F1AP-ID				PRESENCE mandatory	}|
	{ ID id-RTTPDCMeasurementResult		CRITICALITY ignore	TYPE RTTPDCMeasurementResult		PRESENCE mandatory }|
	{ ID id-CriticalityDiagnostics		CRITICALITY ignore	TYPE CriticalityDiagnostics		PRESENCE optional},
	...
}


-- **************************************************************
--
-- RTT-PDC MEASUREMENT REPORT PROCEDURE
--
-- **************************************************************

-- **************************************************************
--
-- RTT-PDC Measurement Report
--
-- **************************************************************

RTTPDCMeasurementReport ::= SEQUENCE {
	protocolIEs						ProtocolIE-Container		{{ RTTPDCMeasurementReport-IEs}},
	...
}


RTTPDCMeasurementReport-IEs F1AP-PROTOCOL-IES ::= {
	{ ID id-gNB-CU-UE-F1AP-ID			CRITICALITY reject	TYPE GNB-CU-UE-F1AP-ID				PRESENCE mandatory	}|
	{ ID id-gNB-DU-UE-F1AP-ID			CRITICALITY reject	TYPE GNB-DU-UE-F1AP-ID				PRESENCE mandatory	}|
	{ ID id-RTTPDCMeasurementResult		CRITICALITY ignore	TYPE RTTPDCMeasurementResult		PRESENCE mandatory },
	...
}

[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
<Unchanged Text Omitted>
RTTPDCMeasurementResult ::= SEQUENCE {
	gNB-RxTxTimeDiff	GNB-RxTxTimeDiff 	OPTIONAL,
	timeStamp      TimeStamp			OPTIONAL
}


RTTPDCReportCharacteristics ::= ENUMERATED {
	onDemand,
	periodic,
	...
}

RTTPDCMeasurementPeriodicity ::= ENUMERATED {ms500, ms1000, ms2000, ms5000, ms10000, ...}

[bookmark: _Toc20956005][bookmark: _Toc29893131][bookmark: _Toc36557068][bookmark: _Toc45832588][bookmark: _Toc51763910][bookmark: _Toc64449082][bookmark: _Toc66289741][bookmark: _Toc74154854][bookmark: _Toc81383598][bookmark: _Toc88658232]9.4.7	Constant Definitions
-- **************************************************************
--
-- Elementary Procedures
--
-- **************************************************************
<Unchanged Text Omitted>
id-RTTPDCMeasurementRequest				    ProcedureCode ::= 59
id-RTTPDCMeasurementResponse			    ProcedureCode ::= 60
id-RTTPDCMeasurementReport	    ProcedureCode ::= 61


-- **************************************************************
--
-- IEs
--
-- **************************************************************
<Unchanged Text Omitted>
id-RTTPDCReportCharacteristics						ProtocolIE-ID ::= 436
id-RTTPDCMeasurementPeriodicity					    ProtocolIE-ID ::= 437
id-RTTPDCMeasurementResult       					ProtocolIE-ID ::= 438
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