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Introduction
The DL-TDOA positioning method has been already supported in Rel.16, while inheriting many supports from OTDOA method which was previously supported in LTE. While NR would be considered as a standalone system in many networks, we still need to consider the existence of both LTE and NR cells in the NG-RAN. NRPPa supports OTDOA, while DL-TDOA has been also defined for NR. It is very important for the network to be able to support OTDOA method in a combined NR+LTE scenario in a proper way.
This paper proposes to discuss how LMF can get proper timing references so that OTDOA and DL-TDOA can perform properly for Rel.16 in a combined LTE and NR network.
Discussion
Two main requirements which should not be neglected in the OTDOA and DL-TDOA method procedures are:
1. The UE needs to know the timing of PRS transmission for each reference and neighbor cell/TRP.
1. The LMF needs to know the timing of PRSs and to map that with the RSTD measurements received by the UE in order to derive the positioning estimation at the network side.
In the case where both LTE and NR cells are available, the UE may retrieve the SFN of one of the LTE cells, while it may not receive any relative timing information from the LMF in the OTDOA assistance data, and also would not report the timing information it has retrieved to the LMF. This would leave the whole OTDOA procedure to fail, because
· the OTDOA assistance data is incomplete, it contains the list of cells but not the timing of PRS transmission
· even if the UE retrieves the SFN of one LTE cell, it is still not clear how the UE retrieves the SFN offset between different LTE reference and neighbor cells it has received in the OTDOA assistance data. 

Observation 1: when the UE is in NR cell and there is no NR PRS; UE has to perform LTE PRS measurement; 
In LTE, the PRS configuration for each cell in the OTDOA assistance data is based on the SFN timing offset between that cell and the serving cell. In the current framework for NR, the UE is not connected to any LTE serving cell, therefore the LMF does not have that information, but on the other hand the SFN offset of the PRS transmissions should be based on some other known cell. 
Since gNB has timing difference measurements from RRM from multiple UEs and inter-RAT measurement report is supported; the gNB can send a list of NR-LTE cell time differences (one NR cell and multiple LTE cells) to LMF in NRPPa. The LMF reports then the OTDOA assistance data based on the SFN timing offset between the serving NR and the LTE cells. Otherwise, the OTDOA procedure would mainly fail to perform.

Observation 2:  Based on the current support, in order for the OTDOA positioning method to perform for SA NR, the LMF must obtain the SFN timing offset between NR PCell and LTE cells.   

While many companies may think this as an implementation matter, and simply to be taken care at the network side, we would like to highlight the fact that there may be multiple vendors for E-SMLC and LMF, and also the LTE and NR networks, therefore the above assumption is a very optimistic consideration and may result in the failure for OTDOA procedure for Rel.16 UEs with the current standard. 
Proposal 1: In order to avoid the failure of the OTDOA procedure, the LMF needs to know the timing difference between NR serving cell and LTE reference cell

[bookmark: _Hlk40281250]We can observe that the measurement SFN and frame boundary timing difference (SFTD) is already defined in LTE 36.214, where UEs can be configured to report measurements of the timing difference between an LTE cell and an NR cell, or NR cell and LTE cell, via RRC connected mode. Below is the definition of SFTD measurement.
[bookmark: _Hlk40283949][bookmark: _Hlk40282739]5.1.34	SFN and frame timing difference (SFTD)
	Definition
	The observed SFN and frame timing difference (SFTD) between an E-UTRA PCell and an NR PSCell (for EN-DC), or an NR PCell and an E-UTRA PSCell (for NE-DC), or an E-UTRA PCell and an NR neighbouring cell is defined as comprising the following two components:

-	SFN offset = (SFNPCell - SFNTRGCell) mod 1024, where SFNPCell is the SFN of a PCell radio frame and SFNTRGCell is the SFN of the target-cell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.

-	Frame boundary offset = , where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell, TFrameBoundaryTRGCell is the time when the UE receives the start of the radio frame, from the target cell, that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryTRGCell) is Ts.

	Applicable for
	RRC_CONNECTED



NOTE :	Refer to 3GPP TS38.133 [18] for applicability to intra-frequency, inter-frequency or inter-RAT.
[bookmark: _Hlk40816950]By collecting these SFTD measurements in the LMF, it is possible to create a database of timing differences between the NR and LTE cells. Hence, by having such a database, the LMF could use an NR cell timing reference for the OTDOA assistance data 
[bookmark: _Toc513735539][bookmark: _Toc513735451][bookmark: _Toc510745232]Therefore, in order to support network with different location server vendors and also OTDOA procedure with mixed LTE cells and NR TRPs, we propose that RAN3 supports reporting the SFTD measurement collection over NRPPa, so that the existence of NR-LTE timing relation can be guaranteed at the LMF. 
Proposal 2: RAN3 to support reporting of SFTD measurements between the NR and LTE cells (and vice-versa) to LMF over NRPPa.  

In RRC, the SFTD results between the PCell and an NR cell is defined below as specified in TS 38.215 and TS 38.133].
MeasResultCellListSFTD-NR information element
-- ASN1START
-- TAG-MEASRESULTCELLLISTSFTD-NR-START

MeasResultCellListSFTD-NR ::=          SEQUENCE (SIZE (1..maxCellSFTD)) OF MeasResultCellSFTD-NR

MeasResultCellSFTD-NR ::=              SEQUENCE {
    physCellId                            PhysCellId,
    sfn-OffsetResult                      INTEGER (0..1023),
    frameBoundaryOffsetResult             INTEGER (-30720..30719),
    rsrp-Result                           RSRP-Range                      OPTIONAL
}

-- TAG-MEASRESULTCELLLISTSFTD-NR-STOP
-- ASN1STOP

· The SFN-offset indicates the SFN difference between the PCell and the NR cell as an integer value 
· The frame boundary offset result indicates the frame boundary between the PCell and the NR cell as an integer value.
The frame boundary offset may differ based on where the UE is in a cell (caused by varying propagation in different part of cell); so it can be necessary to report pertinent values corresponding to the extreme ones. We believe that values such as the min/max/average values of frame boundary offset can be useful to the LMF for measuring timing difference. 
We propose to add the following IEs in the UL (NR)E-CID measurement results in NRPPa 

	>>>MeanFrameBoundary-Offset
	M
	
	INTEGER(-30720..30719)
	Average value of the frame boundary offset observed between PCell and the measured cell.

	>>>MinFrameBoundary-Offset
	M
	
	INTEGER(-30720..30719)
	Minimum value of the frame boundary offset observed between PCell and the measured cell.

	>>>MaxFrameBoundary-Offset
	M
	
	INTEGER(-30720..30719)
	Maximum value of the frame boundary offset
observed between  PCell and the measured cell.



Proposal 3: RAN3 to support transferring of SFTD measurements results (SFN Offset and frame Boundary offset min/max/average values) from NR cell to LMF over NRPPa in the (NR)E-CID Measurement Result 
[bookmark: _GoBack]In order to support network with multiple e-SMLC/LMF, the same solution is needed in LPPa for inter-RAT measurements. We invite the reader to check our proposals for LPPa in [1], where we describe how to support transfer of SFTD measurements from LTE cell when NR cells are measured to the E-SMLC. 
Proposal 4: to support network with multiple e-SMLC/LMF and intervendors, the same solution is needed in LPPa

A TP to NRPPa is provided here-below, where only for now the LTE-NR SFTD result is reported to the LMF in the E-CID Measurement Result. Once NR-E-CID is introduced, RAN3 can add similarly the SFTD results of UE between the NR PCell and LTE cell.
Proposal: NR-E-CID Measurement Result to support collecting NR-LTE SFTD result between NR PCell and LTE cells.
Conclusion
In this paper, we have emphasized on the need of transferring SFTD measurements in NRPPa to provide NR-LTE cell time difference to LMF for the purpose of OTDOA.
Observations:

Observation 1: when the UE is in NR cell and there is no NR PRS; UE has to perform LTE PRS measurement; 
Observation 2:  Based on the current support, in order for the OTDOA positioning method to perform for SA NR, the LMF must obtain the SFN timing offset between NR and LTE cells.   

Proposals:
Proposal 1: In order to avoid the failure of the OTDOA procedure, the LMF needs to know the timing difference between NR serving cell and LTE reference cell
Proposal 2: RAN3 to support reporting of SFTD measurements between the NR and LTE cells to LMF over NRPPa.  
Proposal 3: RAN3 to support transferring of SFTD measurements results (SFN Offset and frame Boundary offset min/max/average values) from NR cell to LMF over NRPPa in the (NR)E-CID Measurement Result and inter-RAT measurements.
Proposal 4: to support network with multiple e-SMLC/LMF and intervendors, the same solution is needed in LPPa

A TP to NRPPa is provided here-below, where the LTE-NR SFTD result is reported to the LMF in the E-CID measurement result. Once NR-E-CID is introduced, we can add the SFTD results of UE between the NR PCell and LTE cell.
Proposal: NR-E-CID Measurement Result to support collecting NR-LTE SFTD result between NR PCell and LTE cells.
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START OF CHANGES
[bookmark: _Toc534903085]9.2.5	E-CID Measurement Result
The purpose of the E-CID Measurement Result information element is to provide the E-CID measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Serving Cell ID
	M
	
	NG-RAN CGI
9.2.6
	NG-RAN Cell Identifier of the serving cell

	Serving Cell TAC
	M
	
	TAC
9.2.11
	Tracking Area Code of the serving cell

	NG-RAN Access Point Position
	O
	
	9.2.10
	The configured estimated geographical position of the antenna of the cell.

	Measured Results
	
	0 .. <maxnoMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>Value Angle of Arrival EUTRA
	M
	
	INTEGER (0..719)
	According to mapping in TS 36.133 [9]

	>>Value Timing Advance Type 1 EUTRA
	M
	
	INTEGER (0..7690)
	According to mapping in TS 36.133 [9]

	>>Value Timing Advance Type 2 EUTRA
	M
	
	INTEGER (0..7690)
	According to mapping in TS 36.133 [9]

	>>Result RSRP EUTRA
	
	1 .. <maxCellReport>
	
	

	>>> PCI EUTRA
	M
	
	INTEGER (0..503)
	Physical Cell Identifier of the reported E-UTRA cell

	>>>EARFCN
	M
	
	INTEGER (0.. 262143, …).
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [7]

	>>> CGI EUTRA
	O
	
	9.2.6
	Cell Global Identifier of the reported E-UTRA cell

	>>>Value RSRP EUTRA
	M
	
	INTEGER (0..97, …)
	

	>>Result RSRQ EUTRA
	
	1 . <maxCellReport>
	
	

	>>> PCI EUTRA
	M
	
	9.2.7
	Physical Cell Identifier of the reported E-UTRA cell

	>>>EARFCN
	M
	
	INTEGER (0..262143, …).
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [7]

	>>> CGI EUTRA
	O
	
	9.2.7
	Cell Global Identifier of the reported E-UTRA cell

	>>>Value RSRQ EUTRA
	M
	
	INTEGER (0..34, …)
	

	>>Result SFTD
	
	1 . <maxCellReport>
	
	

	>>>PCI EUTRA
	M
	
	9.2.7
	Physical Cell Identifier of the reported E-UTRA cell

	>>>EARFCN
	M
	
	INTEGER (0..262143, …).
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [7]

	>>> CGI EUTRA
	O
	
	9.2.7
	Cell Global Identifier of the reported cell

	>>>SFN-Offset                  
	M
	
	INTEGER (0..1023)
	The observed SFN and frame timing difference that a UE measured between E-UTRA PCell and an measured Cell,

	>>>MeanFrameBoundary-Offset
	M
	
	INTEGER (-30720..30719)
	Average value of the frame boundary offset observed between E-UTRA PCell and the measured cell.

	>>>MinFrameBoundary-Offset
	M
	
	INTEGER (-30720..30719)
	Minimum value of the frame boundary offset observed between E-UTRA PCell and the measured cell.

	>>>MaxFrameBoundary-Offset
	M
	
	INTEGER (-30720..30719)
	Maximum value of the frame boundary offset



	Range bound
	Explanation

	maxnoMeas
	Maximum no. of measured quantities that can be configured and reported with one message. Value is 63.

	maxCellReport
	Maximum no. of cells that can be reported with one message. Value is 9.
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