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Introduction
At the last RAN3 meeting, the topic of SFTD measurements reporting was discussed [1]. Following the comments received from companies both online and offline, we intend to clarify in this contribution why the addition of the SFTD measurements reporting is essential for NR positioning, especially in the particular context of 2020 where it becomes necessary to strengthen the robustness of the positioning function. Thus, the need to correct both specifications of Rel-15 and Rel-16.
Discussion
Background and motivation
The topic of SFN timing offset between the serving NR cell and the LTE reference cell was discussed in Release 15. It was then observed that the OTDOA assistance data format can indicate an SFN timing offset between the serving NR cell and the LTE reference cell [2]. This was specified in LPP TS 37.355, where the measurements are defined in section 6.5.1.2 of the OTDOA Assistance Data Element:

-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {
    physCellId                 INTEGER (0..503),
    cellGlobalId                ECGI                       OPTIONAL,       -- Need ON
    earfcnRef                  ARFCN-ValueEUTRA            OPTIONAL,       -- Cond NotSameAsServ0
    antennaPortConfig           ENUMERATED {ports1-or-2, ports4, ... }
                                                          OPTIONAL,       -- Cond NotSameAsServ1
    cpLength                   ENUMERATED { normal, extended, ... },
    prsInfo                    PRS-Info                   OPTIONAL,       -- Cond PRS
    ...,
    [[ earfcnRef-v9a0           ARFCN-ValueEUTRA-v9a0       OPTIONAL        -- Cond NotSameAsServ2
    ]],
    [[  tpId-r14               INTEGER (0..4095)           OPTIONAL,       -- Need ON
        cpLengthCRS-r14         ENUMERATED { normal, extended, ... }    
                                                          OPTIONAL,       -- Cond CRS
        sameMBSFNconfigRef-r14  BOOLEAN                    OPTIONAL,       -- Need ON
        dlBandwidth-r14         ENUMERATED {n6, n15, n25, n50, n75, n100}
                                                          OPTIONAL,       -- Cond NotSameAsServ3
        addPRSconfigRef-r14     SEQUENCE (SIZE (1..maxAddPRSconfig-r14)) OF PRS-Info
                                                          OPTIONAL        -- Need ON  
    ]],
    [[
        nr-LTE-SFN-Offset-r15   INTEGER (0..1023)           OPTIONAL        -- Cond NR
    ]],
    [[
        tdd-config-v1520                   TDD-Config-v1520    OPTIONAL,        -- Need ON
[bookmark: _Hlk47439547]        nr-LTE-fineTiming-Offset-r15        INTEGER (0..19)     OPTIONAL        -- Cond FineOffset
    ]]
}

maxAddPRSconfig-r14         INTEGER ::= 2

-- ASN1STOP

nr-LTE-SFN-Offset
This field specifies the SFN offset between the serving NR cell and the LTE assistance data reference cell.
The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the NR serving cell to the beginning of the closest subsequent radio frame #0 of the assistance data reference cell.

nr-LTE-fineTiming-Offset
This field specifies the frame boundary offset between the NR serving cell and the LTE assistance data reference cell in units of 0.5 ms. The offset is counted from the beginning of a subframe #0 of the NR serving cell to the beginning of the closest subsequent subframe #0 of the LTE assistance data reference cell, rounded down to multiples of 0.5 ms. Value 0 corresponds to 0ms, value 1 corresponds to 0.5ms, 2 to 1ms and so on.

In Rel-15, due to lack of time, only the SFN initialization time was added to be signaled in LPPa as part of the OTDOA cell information (TS 36.455, 9.2.7), leaving it to OAM configuration how E-SMLC can retrieve from eNB the SFN and timing difference offsets between cells of different RATs. This negatively affects building the OTDOA assistance information, as not only the location server can incur the risk of not receiving enough information to build the assistance data due to insufficient implementation – which would affect the LPP signaling -  but also, to not receive any information at all on the SFN offsets between different cells in the scenario of multi-vendor environments where the networks have not been all properly configured to retrieve the information. This could inevitably lead to the failure of the whole OTDOA procedure.

Observation1: In previous releases, SFN timing offset was signaled as part of the OTDOA assistance data in LPP, however, unlike the SFN Initialization time, the location server can only obtain such information via OAM configuration from the eNB.

Observation 2: in case of multi-vendors scenario, if not all networks are configured to signal the SFN timing offsets between different RAT cells, the whole OTDOA procedure could fail.

In Rel-16, RAN1 has standardized this measurement to be defined as SFN Timing difference (SFTD) measurements, which includes both the SFN offset and frame boundary offset and that can be reported from UE [3]. We present the extract below:

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.
As seen in the table above, the SFTD measurement is composed of two parameters.
· Parameter 1: SFN offset = (SFNPCell - SFNTRGCell) mod 1024
This parameter is provided from the location served in LPP to UE. The equivalent LPP parameter is: nr-LTE-SFN-Offset-r15   INTEGER (0..1023)           OPTIONAL        -- Cond NR

· Parameter 2: Frame boundary offset = [image: ],
This parameter is also provided to UE via LPP; though the unit is simplified in units of 0.5ms instead of granular value in Ts; but the main source is the frame boundary offset that UE provides to ng-eNB in RRC.
The LPP parameter is: nr-LTE-fineTiming-Offset-r15        INTEGER (0..19)     OPTIONAL        -- Cond FineOffset

nr-LTE-fineTiming-Offset
This field specifies the frame boundary offset between the NR serving cell and the LTE assistance data reference cell in units of 0.5 ms. The offset is counted from the beginning of a subframe #0 of the NR serving cell to the beginning of the closest subsequent subframe #0 of the LTE assistance data reference cell, rounded down to multiples of 0.5 ms. Value 0 corresponds to 0ms, value 1 corresponds to 0.5ms, 2 to 1ms and so on.

Observation 3: the new SFTD measurements include the SFN offset and Frame boundary offset which corresponds each to the parameters reported over LPP to UE

In last meeting, there was a comment from a company that such timing information needs not to come from UEs, however this assessment is not correct since those measurements are already reported by UE in RRC, as specified below in TS 38.331 for both NR and EUTRA: 

MeasResultCellListSFTD-NR
The IE MeasResultCellListSFTD-NR consists of SFN and radio frame boundary difference between the PCell and an NR cell as specified in TS 38.215 [9] and TS 38.133 [14].
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

	MeasResultCellSFTD-NR field descriptions

	sfn-OffsetResult
Indicates the SFN difference between the PCell and the NR cell as an integer value according to TS 38.215 [9].

	frameBoundaryOffsetResult
Indicates the frame boundary difference between the PCell and the NR cell as an integer value according to TS 38.215 [9].



[bookmark: _Toc46439643][bookmark: _Toc46444480][bookmark: _Toc46487241]–	MeasResultCellListSFTD-EUTRA
The IE MeasResultCellListSFTD-EUTRA consists of SFN and radio frame boundary difference between the PCell and an E-UTRA PSCell.
MeasResultCellListSFTD-EUTRA information element
-- ASN1START
-- TAG-MEASRESULTCELLLISTSFTD-EUTRA-START

MeasResultCellListSFTD-EUTRA ::=          SEQUENCE (SIZE (1..maxCellSFTD)) OF MeasResultSFTD-EUTRA

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

-- TAG-MEASRESULTCELLLISTSFTD-EUTRA-STOP
-- ASN1STOP

	MeasResultSFTD-EUTRA field descriptions

	eutra-PhysCellId
Identifies the physical cell identity of the E-UTRA cell for which the reporting is being performed.

	sfn-OffsetResult
Indicates the SFN difference between the PCell and the E-UTRA cell as an integer value according to TS 38.215 [9].

	frameBoundaryOffsetResult
Indicates the frame boundary difference between the PCell and the E-UTRA cell as an integer value according to TS 38.215 [9].



Observation 4: UE can report the SFTD measurements to the NG-RAN node via RRC.

RAN4 has also defined in TS 38.133 the characteristics of the SFTD measurements, specifically: section 9.2.6.1 of TS 38.133 specifies the SFTD measurement requirements and section 9.3.8.1 of the same TS describes the requirements for reporting delay for inter-RAT measurements.

9.3.8.1	Introduction
This clause contains requirements for a UE supporting NR inter- frequency SFTD measurement and is applicable in RRC_CONNECTED state. The UE shall, depending on network request, perform inter-frequency SFTD measurement and report SFTD result with or without SS-RSRP. The overall delay includes RRC procedure delay defined in clause 12 in TS 38.331 [2] and SFTD measurement reporting delay in clause 9.3.8.3.

Therefore, we can note that this measurement is now defined in all the relvant RAN specifications to report the result for inter-RAT; and the gNB/ng-eNB nodes can collect those SFTD measurements without triggering any new RRC impact on the UE. The only signalling that is missing is in RAN3 LPPa/NRPPa.

Observation 5: An NG-RAN node can collect the SFTD measurements from UE wihtout triggering any additional RRC impacts (already agreed in RAN1/2/4). The only thing that is missing is the reporting over LPPa and NRPPa (RAN3).

Proposals and way-forward

In the previous section of this contribution, the following points were emphasized:
· Currently, the only way for the e-SMLC to receive the SFN offset and frame boundary offset for the OTDOA assistance data can be by means of implementation.
· RAN1, RAN2 and RAN4 have all specified the measurement result for SFTD measurements, which correspond to the paremeters signalled over LPP in the OTDOA assitance information.
· The collection of this measurement and reporting it to the location server (e-SMLC/LMF) can benefit the positioning in case of multi-vendors scenario and in 2020.
· For now, only the reporting over LPPa and NRPPa is missing.

In response to the above last point, we propose that RAN3 adds the missing support of SFTD reporting in LPPa and NRPPa to correct the Rel-15 and Rel-16 signalling and to align with other WGs. The message where such reporting can be added is in the E-CID/ NR E-CID procedures, since, similarly to RSRP and RSRQ, the SFTD results are also signalled in the same way over RRC message (see MeasResults IE in TS 38.331). Another way is to signal the SFTD measurements IE in the OTDOA INFORMATION procedures. But, since E-CID supports inter-RAT measurement reporting for NR cells, we consider it is more convenient to add the SFTD in the E-CID procedures. Another important reason is that SFTD needs to be acquired before running OTDOA. 

Proposal 1: RAN3 to support transferring of SFTD measurements results from LTE cells to E-SMLC via LPPa in the E-CID Measurement Result.
Proposal 1bis: RAN3 to support transferring of SFTD measurements results from LTE cells to LMF via NRPPa in the NR E-CID Measurement Result.

Proposal 2: SFTD measurements are also reported from eNB in inter-RAT measurement results from NR cells.
Proposal 2bis: SFTD measurements are also reported from ng-eNB in inter-RAT measurement results from NR cells

We propose to agree on the following CRs that capture the above proposals. 

· Cat F for Rel-15 to add the SFTD measurement results in E-CID
· Its mirror Cat A CR for Rel-16 and adds the inter-RAT reporting for NR cells, since that was not present in previous spec version 15.2.1.
· A TP to NRPPa BL CR to add the SFTD measurement results in NR E-CID measurement results and inter-RAT reporting.


Proposal 3: agree to the CRs in [4][5][6]

Last but not least, we see great need to enforce the robustness of positioning feature in the particular context of 2020. Thus, the need to correct both rel-15 and rel-16 specifications.

Conclusion
Based on the discussion above, we made the following observations regarding the SFTD measurements:
Observation1: In previous releases, SFN timing offset was signaled as part of the OTDOA assistance data in LPP, however, unlike the SFN Initialization time, the location server can only obtain such information via OAM configuration from the eNB.
Observation 2: in case of multi-vendors scenario, if not all networks are configured to signal the SFN timing offsets between different RAT cells, the whole OTDOA procedure could fail.
Observation 3: the new SFTD measurements include the SFN offset and Frame boundary offset which corresponds each to the parameters reported over LPP to UE
Observation 4: UE can report the SFTD measurements to the NG-RAN node via RRC.
Observation 5: An NG-RAN node can collect the SFTD measurements from UE wihtout triggering any additional RRC impacts (already agreed in RAN1/2/4). The only thing that is missing is the reporting over LPPa and NRPPa (RAN3).

Therefore, we propose the following:

Proposal 1: RAN3 to support transferring of SFTD measurements results from LTE cells to E-SMLC via LPPa in the E-CID Measurement Result.
Proposal 1bis: RAN3 to support transferring of SFTD measurements results from LTE cells to LMF via NRPPa in the NR E-CID Measurement Result.
Proposal 2: SFTD measurements are also reported from eNB in inter-RAT measurement results from NR cells.
Proposal 2bis: SFTD measurements are also reported from ng-eNB in inter-RAT measurement results from NR cells
Proposal 3: agree to the CRs in [4][5][6]

Last but not least, we see great need to enforce the robustness of positioning feature in the particular context of 2020. Thus, the need to correct both rel-15 and rel-16 specifications.
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