3GPP TSG-RAN WG3 #110	R3-206578
[bookmark: _Hlk536523677]Online, 2nd - 12th August 2020

Agenda Item:	9.2.1
Source: 	Ericsson, NTT DOCOMO
Title:  	Reporting of SFN time difference for OTDOA
Document for:	Discussion and approval
Introduction
This is a continuation of the topic that was discussed in last meeting about the support of OTDOA assistance data in Rel-15 for multi-RAT scenarios. Two solutions documented in [1] and [2] were proposed to address the detected problem. In this paper we go through a detailed comparison of the two solutions and we clarify some further aspects.
Discussion
Background and scenarios
In Rel-15, due to lack of time, only the SFN initialisation time for E-UTRA was added to be signalled in LPPa and NRPPa as part of the OTDOA cell information (TS 36.455 9.2.7 for LPPa and TS 38.455 9.2.15 for NRPPa), leaving it to OAM configuration how the E-SMLC and LMF can retrieve from (ng-)eNB the SFN and timing difference offsets between cells belonging to different RATs. This negatively affects building the OTDOA assistance information for the UE, since there is a risk that the location server may not receive all the necessary information for building the assistance data accurately, which could lead to the failure of the whole OTDOA procedure. This is especially relevant for multi-vendor scenarios, where not all networks would have been configured to signal this level of information to the location server, when a UE measures multiple PCells of different RATs.
Observation 1: 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.

Fortunately, this issue was acknowledged in last meeting and two solutions were proposed to address the issue. Table 1 summarizes the two solutions:
	Solution
	Description
	Proposed impacted RAN3 specifications

	[1]
	· Based on the standardized measurement SFN and frame Timing Difference (SFTD) ;
· includes both the SFN offset and frame boundary offset used over LPP;
· well-agreed and defined in RAN1 in [3], RAN2 in [4] and RAN4 in [5] 
	· TS 36.455
· TS 38.455

	[2]
	· Based on adding new IE for SFN initialisation time for NR cells to OTDOA cell information
· Leaving it to the LMF how to derive the SFN offset and frame boundary values used for the assistance data
	· TS 38.455


	Table 1 : summary of solutions for the Rel-15 OTDOA issue
Solution 1 [1]:
The solution in [1] in Table 1 is based on the well-established SFN Timing Difference (SFTD) measurement that was defined by RAN1 and RAN4 (not to be confounded with the RSTD measurements defined in TS 38.305 7.4.2.1). The structure of the IE is provided 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.
Table 2 : extract of the SFTD information from TS 38.215
The SFTD components in Table 2 above include the SFN offset and Frame boundary offset, which refer to the SFN timing differences between PCell and PSCell of MR-DC deployments, including EN-DC and NE-DC. As it is established by RAN4 in [5], those measurements must be reported by the UE when it detects multiple cells of different RATs. It was also agreed by RAN2 that the UE can report to the RAN node those inter-RAT measurements over RRC signalling, where it either sends:
· the MeasResultCellListSFTD-EUTRA, corresponding to the offset between E-UTRA PCell and an NR PSCell (e.g. for EN-DC: when a UE is in an E-UTRA PCell, it can detect NR cells from the SgNB). 
· Or the UE reports the MeasResultCellListSFTD-NR, corresponding to the offset between an NR PCell and a E-UTRA PSCell (e.g. for NE-DC: when the UE is in an NR PCell, it can detect E-UTRA cells from the Sng-eNB.)

Observation 2: It is already supported that when a UE is in a multi-RAT environment it must report the SFTD measurements to the NG-RAN node via RRC.

The SFTD measurements in MeasResultCellListSFTD-EUTRA or MeasResultCellListSFTD-NR have the advantage of matching exactly with the parameters used for the OTDOA assistance information sent over LPP to UE, as described in TS 37.355 (See our previous paper in [1] where we explain this point). This constitutes an undeniable fact that Solution 1 based on SFTD measurements does not create additional burden for the location server to re-compute the information for the UE’s assistance data. Solution 1 can thus help to reduce the amount of resources needed for processing the timing offsets of different cells at the location server and improve the overall end-to-end positioning latency when OTDOA method is used.

Observation 3 : Signalling the SFTD measurements to the location servers consume less processing resources and latency for building the OTDOA assistance data

On the impacted specifications, some companies mentioned in last meeting that LPPa should not be impacted, since the OTDOA assistance data is relevant only in NG-RAN; and E-SMLC does not interact with NG-RAN node over LPPa. However, nothing precludes an E-SMLC and LMF to be built over the same virtual machine via a proprietary solution. We are, in fact, talking about servers which can be instantiated over the same VM. This aspect is in fact already detailed in TS 38.305, where the following is mentioned:
An LMF may have a proprietary signalling connection to an E-SMLC which may enable an LMF to access information from E‑UTRAN (e.g. to support the OTDOA for E-UTRA positioning method using downlink measurements obtained by a target UE of signals from eNBs and/or PRS-only TPs in E-UTRAN). Details of the signalling interaction between an LMF and E-SMLC are outside the scope of this specification.
It is thus already acknowledged at a stage 2 level that the LMF can have access to E-UTRA information from the E-SMLC – especially for the information related to supporting OTDOA, which are of interest in our case – for positioning purpose. Therefore, signalling support of LPPa should not be precluded, so that the E-SMLC can transfer the received SFTD result to the LMF via proprietary interface; or when  having an E-SMLC acting as LMF both at the same time in the same VM.
Observation 4: Signalling support of SFTD results over LPPa should not be precluded, as the E-SMLC can communicate with the LMF for signalling E-UTRA positioning information or be built with the LMF in the same virtual machine.
Therefore, the SFTD measurements reporting would not be relevant only for NE-DC deployment, where NRPPa will have to signal the results to the LMF, but also for EN-DC case. This is anyway part of the definition of the SFTD results which are reported in those MR-DC deployments. Note also that many operators will consider, or are already using now, these two MR-DC deployments as their primary (positioning) networks before migrating to a full NR standalone. Therefore, a full support is needed during this network migration phase.
Solution 2 [2]:
The solution [2] is based on indicating a new IE for the SFN Initialisation time of NR cells to the LMF, which would be added to the requested OTDOA cell information in NRPPa, along with the SFN Initialisation time of the detected E-UTRA cells. 
While omitting the possibility of LMF receiving E-UTRA information from the E-SMLC, as indicated by TS 38.305, this solution assumes that the LMF will always be able to compute the SFN offset and frame boundary offset based on exclusively the two SFN0 timing values. This does not only increase the processing time at the server for (re-)building the OTDOA assistance data, but there is also no guarantee that the LMF will derive the accurate value of the frame boundary offset used in LPP. In fact, it would require important synchronization between the network and the location server for deriving the value of the frame boundary offset from both the NR and E-UTRA SFN0s; and although it could be derived, it will still be with quite a gross margin of variation. The issue is that in fact the frame boundary offset is not constant: it is an offset value that may vary depending upon where the UE is. Therefore, an aggregated value of frame boundary offset based on statistical minimum/maximum or average values sent to the location server can help the LMF derive more uniformly the frame boundary offset value. This is the very same solution that SFTD provides.
Observation 5: Solution 2, based on fetching the SFN Initialisation times of both NR and E-UTRA cells, requires a lot of synchronization between the NG-RAN and LMF for deriving the exact value of the frame boundary offset used in LPP.
This lack of information coupled with the additional burden at the location server for crafting the assistance data to be signalled over LPP will not work if each location server has its own synchronization algorithm. Especially considering that the main motivation is to address the multi-vendors case, where each vendor can have its own implementation-based synchronization solution at the server (or not!). Hence, resulting in different values of frame boundary offsets, and thus different OTDOA assistance data and different positioning performance. 
Besides, as mentioned above, the SFTD solves this issue by providing on top of the SFN0 offsets the statistical values to derive the frame boundary offset in a uniform way at all servers, avoiding ending up with low OTDOA performance when the UE is moving from one network to another. Therefore, RAN3 should ask why proposing a second incomplete solution for addressing the issue when there is already an existing solution that was agreed by other working groups and that does not require additional network synchronization.
Observation 5: Solution 2, compared to Solution 1, lacks the statistical values required for computing the OTDOA assistance data and addressing the multi-vendor case issue.
Perhaps one issue that the proponents of Solution 2 have considered as negative, with respect to Solution 1, is the additional UE impacts for providing the statistical values. However, one should note that the SFTD reporting is already in place and, as mentioned above, agreed by other working groups (RAN1 RAN2, RAN4). It can hence be understandable that the NG-RAN node should collect the SFTD measurements from UE without triggering any additional RRC overhead nor any additional measurement actions from the UE, since the measurements are already present at the node. One can also compare it with the E-CID procedure, where the request message sent from the location server does not trigger additional RRC messages; it just signals back what the RAN node already has in terms of measurements results. The same principle is applicable here for OTDOA SFTD.
Furthermore, a LS to RAN2 can help clarify this aspect that no additional UE impacts should be foreseen for Solution 1, especially considering the drawbacks Solution 2 has as impacts on the location server.
Observation 6: There should be no additional UE requirements when Solution 1 is used.

Besides, UE vendors should consider how important the OTDOA method is for emergency calls service. The OTDOA positioning is still employed today to assist in localization of a UE in the event of an emergency call, such as Emergency 911 (E911), which is furthermore mandated from the Federal Communication Commission (FCC). Therefore, the 3GPP community, which is responsible for providing strong technical specifications to meet standards requirements, should strive to make the OTDOA work at its best. Especially in this difficult context of 2020 and of the up-coming future. 

Hence, both Rel-15 and Rel-16 specifications need to be corrected.

Proposal 1 : RAN3 to agree to add the “missing fourth wheel” necessary to support the OTDOA method in Rel-15 and Rel-16 in multi-RAT scenarios and to agree on Solution 1 based on SFTD measurements reporting.

Proposal 2 : RAN3 to capture in the chairman’s notes that support of SFTD in LPPa/NRPPa does not imply introducing additional requirements on the UE in Rel-15. A LS can be sent to RAN2.

· CRs for Rel-15 and Rel-16 LPPA for introducing the SFTD information in the OTDOA Information Exchange procedure are proposed in [6] and [7] respectively.
· CRs for Rel-15 and Rel-16 NRPPA for introducing the SFTD information in the OTDOA Information Exchange procedure are proposed in [8] and [9] respectively.
· A draft LS to RAN2 (cc RAN4) is proposed in [10]

Proposal 3: agree to the accompanying CRs and LS to RAN2

Conclusion
Based on the discussion above, we made the following observations regarding the previous discussed Rel-15 positioning issue:

Observation 1: 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 2: It is already supported that when a UE is in a multi-RAT environment it must report the SFTD measurements to the NG-RAN node via RRC.
Observation 3: Signalling the SFTD measurements to the location servers consumes less processing resources and latency for building the OTDOA assistance data
Observation 4: Signalling support of SFTD results over LPPa should not be precluded, as the E-SMLC can communicate with the LMF for signalling E-UTRA positioning information or be built with the LMF in the same virtual machine.
Observation 5: Solution 2, based on fetching the SFN Initialisation times of both NR and E-UTRA cells, requires a lot of synchronization between the NG-RAN and LMF for deriving the exact value of the frame boundary offset used in LPP.
Observation 5: Solution 2, compared to Solution 1, lacks the statistical values necessary for computing the OTDOA assistance data in a precise way and addressing the multi-vendor case issue.
Observation 6: There should be no additional UE requirements when Solution 1 is used.

Therefore, we propose the following:

Proposal 1: RAN3 to agree to add the “missing leg” necessary to support the OTDOA method in Rel-15 in multi-RAT scenarios and to agree on Solution 1 based on SFTD measurements reporting.
Proposal 2: RAN3 to capture that support of SFTD in LPPa/NRPPa does not imply introducing additional requirements on the UE in Rel-15. A LS can be sent to RAN2.
Proposal 3: agree to the accompanying CRs and LS to RAN2
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