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1. Introduction 
In recent meetings of RAN3, there has been some discussion about issues related to OTDOA support, and various solutions were proposed. At the end of last meeting, the chairman’s notes captured the following
Agree to address the issue for Rel-15 NRPPa; discuss at the next meeting the solution proposed in R3-205757, as an alternative solution to SFTD, and verify the possibilities for improvement/adjustment of the solution. To be continued...

This document provides further background and justification for the solution presented in R3-205757 [1], which is resubmitted with minor changes in [2] for approval at RAN3#110.
2. Description of the problem
The problem is detected when we consider how the LMF is able to construct time-related assistance data for OTDOA towards the UE and can be analyzed by checking the signalling requirements in LPP (see specifically the section 6.5.1 of TS 37.355 [4] on OTDOA Positioning).

Here we can see two aspects related to timing provision in the OTDOA Assistance Data to the UE:

· Timing offset between the serving NR cell and the LTE assistance data reference cell is provided within the OTDOA-ReferenceCellInfo IE. This information is useful to the UE if it is served by a NR cell in order to acquire the LTE reference cell in an efficient manner. This information is captured in the IEs nr-LTE-SFN-Offset-r15 and nr-LTE-fineTiming-Offset-r15 within the OTDOA-ReferenceCellInfo IE.
· Timing offset between the reference LTE cell and neighbour LTE cells is provided within the OTDOA-NeighbourCellInfoList IE. This information is generally useful to the UE in order to acquire the neighbour LTE cells in an efficient manner. This information is captured in the expectedRSTD and expectedRSTD-Uncertainty within the OTDOA-NeighbourCellInfoList IE.
The two types of information have similar applications in the sense that the in both cases measurement gaps may be needed by the UE (e.g. LTE “neighbours” may not be in same frequency or even band as the reference LTE cell). Note however that in both cases, the information is optional, i.e., UEs should be prepared to obtain the required measurements with or without the assistance information.
Observation 1: The LMF can optionally provide time-related assistance data regarding offsets between the LTE reference cell and other LTE cells and between the NR serving cell and the LTE reference cell if the UE is being served by NR. The UE should be prepared to obtain the required measurements with or without the assistance information.

A. Considering first the LTE neighbour information, this is defined in [4] as below


Hence the maximum resolution of this assistance data is in the order of 100ns. The expectedRSTD-Uncertainty represents the window of uncertainty around this expected value and is signalled with the same resolution and maximum window value in the order of 200µs. Note that the uncertainty is related to the location server′s a priori estimation of the target device location, and that the maximum value corresponds to an uncertainty of around 60km.
To generate this assistance data, the LMF’s primary information is the knowledge of the position of the transmission points, and (in case of unsynchronized networks) a reference time for the transmission at the antenna. Both these items can be obtained from the ng-eNBs using the NRPPa OTDOA Information Exchange procedure. In particular, the LMF can obtain the SFN Initialisation Time EUTRA as part of the OTDOA Cell Information IE, which is encoded with a sub-ns resolution. Based on this information, and the existing knowledge of the UE’s location, the LMF can generate assistance data with the appropriate uncertainty. For example, in one possible scenario, the expected RSTD could be based on the RSTD at a hypothetical central point in the cell, and the uncertainty would be related to the cell size.
Observation 2: For unsynchronized LTE cells, the LMF can obtain information from the ng-eNB(s) using the NRPPa OTDOA Information Exchange that enables it to generate assistance data for the UE.
Now in addition to the above, it is possible that the UE performing OTDOA positioning (using LTE cell measurements) is currently served by a NR cell. In this case, it is helpful for the UE to receive the LTE-NR timing offset as described above.
B. 
Considering now the LTE-NR information, this is defined in [4] as below


It can be seen that the first IE corresponds to the difference of SFN initialization times in the two cells, modulo radio frame period. The second provides additional granularity at subframe level (0.5ms granularity). The combination of the two IEs is therefore equivalent to the difference of SFN initialization times in the two cells, modulo 0.5ms.
From this we see that the LTE-NR information is much less granular than for intra-LTE, which seems to make sense since the intention is to enable the UE to acquire the LTE reference cell only and it can be assumed that the LTE reference cell should be relatively strong in the area and not subject to false positives (unlike e.g. LTE neighbours).

Observation 3: The LTE-NR assistance data is similar to that for the LTE-LTE case except that it is much less granular and only two resolutions are supported (10ms and 0.5ms).

Although the information required is less precise, there is on the other hand no standardized way for the LMF to construct the assistance data unless e.g. the NR cells are synchronized, and the launch time is known at the LMF. 

Observation 4: In release 15, there is no standardized way for the LMF to acquire the timing information of the NR cell, and therefore the assistance data cannot be constructed unless such information can be configured.
This final observation encapsulates the problem to be solved.

3. Description of the solution

The simplest and most appropriate solution to the problem described above is to extend the NRPPa acquisition of SFN Initialisation Time to gNBs / NR cells, along of course with acquisition of the access point position.
Once the LMF has this information, it can construct the assistance data in a similar way that it constructs the LTE neighbour assistance data, but with the added advantage that the required precision is much lower corresponding to an uncertainty in the order of 150km in the UE’s position. This implies that for all practical cases, the LMF could even construct the assistance data based simply on the NR access point position and not on either the central point of the cell or an estimate of the UE’s position.

Observation 5: Due to the low precision requirement, the construction of the assistance data by the LMF can be done using the SFN Initialisation Time and the Access Point position; it does not require side information such as rough UE location or size of cell – though these can be used if available.
With this observation, it seems simple and effective to enable NRPPa support for the LMF to acquire the SFN Initialisation Time of NR cells in much the same way as it already does for the LTE cells. This has no UE impact or dependence. Note that the existing maximum precision is much higher than what is needed, but implementations are not required to use this maximum anyway.
Observation 6: A simple and effective solution consists of allowing the LMF to acquire at least the SFN Initialisation Time of NR Cells and Access Point position, in a similar way to what it can already do for LTE cells.

The final question is how to implement this acquisition in NRPPa. The simplest option would be to extend the OTDOA Information Exchange procedure; examination of this procedure shows the following:

· The procedure is quite general and NOT limited to ng-eNBs in any way
· There is no requirement for the NG-RAN node to provide all information requested (i.e., it provides what it can, and fails the procedure if it cannot fulfil any request)

· The request uses generic terms for the quantities of interest i.e. pci, cellid, sFNInitTime, nG-RANAccessPointPosition

· The response is mostly E-UTRA specific (i.e. PCI EUTRA, CGI EUTRA, SFN Initialisation Time EUTRA) with exception of NG-RAN Access Point Position
Based on the above, it seems the procedure can be reused for NR. For the use case that we have in mind, only three items are required:
· The CGI (for NR cell) – this would require a new reporting choice item

· The SFN Initialisation Time NR – this would require a new reporting choice item

· The NG-RAN Access Point Position – this can be reused as is

In conclusion, we can observe the following:

Observation 7: The OTDOA Information Exchange procedure can be used to by the LMF to acquire the NR cell’s CGI, its access point position and associated SFN Initialization Time; only two new reporting items need to be added to the choice.

Therefore the solution consists simply of adding the NR CGI and the SFN Initialisation Time NR IEs as new possible reporting choices in the response message. No change seems needed for the request as discussed above.

Proposal 1: Add the NR CGI and the SFN Initialisation Time NR IEs as new possible reporting choices in the response message of the OTDOA Information Exchange procedure.

This solution is provided in two CRs (for release 15 and a release 16 mirror). It can finally be discussed whether a release 15 correction is essential, since the UE can operate without this assistance information. 
Proposal 2: Discuss whether the correction should be applied from release 15 or 16 and agree either the CRs in [2] and [3] – or [3] for release 16 only.

4. Conclusions
The following observations have been made in this document:
Observation 1: The LMF can optionally provide time-related assistance data regarding offsets between the LTE reference cell and other LTE cells, and between the NR serving cell and the LTE reference cell if the UE is being served by NR. The UE should be prepared to obtain the required measurements with or without the assistance information.

Observation 2: For unsynchronized LTE cells, the LMF can obtain information from the ng-eNB(s) using the NRPPa OTDOA Information Exchange that enables it to generate assistance data for the UE.

Observation 3: The LTE-NR assistance data is similar to that for the LTE-LTE case except that it is much less granular and only two resolutions are supported (10ms and 0.5ms).

Observation 4: In release 15, there is no standardized way for the LMF to acquire the timing information of the NR cell, and therefore the assistance data cannot be constructed unless such information can be configured.

Observation 5: Due to the low precision requirement, the construction of the assistance data by the LMF can be done using the SFN Initialisation Time and the Access Point position; it does not require side information such as rough UE location or size of cell – though these can be used if available.
Observation 6: A simple and effective solution consists of allowing the LMF to acquire at least the SFN Initialisation Time of NR Cells and Access Point position, in a similar way to what it can already do for LTE cells.

Observation76: The OTDOA Information Exchange procedure can be used to by the LMF to acquire the NR cell’s CGI, its access point position and associated SFN Initialization Time; only two new reporting items need to be added to the choice.

Therefore the solution consists simply of adding the NR CGI and the SFN Initialisation Time NR IEs as new possible reporting choices in the response message. No change seems needed for the request as discussed above.

Proposal 1: Add the NR CGI and the SFN Initialisation Time NR IEs as new possible reporting choices in the response message of the OTDOA Information Exchange procedure.

This solution is provided in two CRs (for release 15 and a release 16 mirror).

Proposal 2: Discuss whether the correction should be applied from release 15 or 16 and agree either the CRs in [2] and [3] – or [3] for release 16 only.
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expectedRSTD


If PRS is transmitted:





This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3(Ts, with Ts=1/(15000*2048) seconds.





If PRS is not transmitted:





This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3´Ts, with Ts=1/(15000*2048) seconds.





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 0 ms, value 1 corresponds to 0.5 ms, 2 to 1 ms and so on.









