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Introduction
During the last RAN WG#2 121 meeting, the co-signing companies presented the document in R2-2301172 explaining how the LOS/NLOS assistance information solution would work and received several comments from the interested companies. This document aims to answer those comments/questions.
Solution description

Accuracy of the maps: 
To realize the solution as highlighted in R2-2301172, the operator needs to have high resolution  3D digital maps. Those maps can be obtained either from the public sources or be produced by operator. The forecast data in the trial described in R2-2301172 was generated using 3D building map and digital terrain model data taken from a database with global coverage (84M km2). Like any other source of assistance information, the maps and corresponding data should be accurate to satisfy a given use case. In that sense there is no difference to any other assistance data (e.g. A-GPS assistance data or RTK) and as usually 3GPP assumes that the source of data is correct.
Conclusion 1:  The source of the data (e.g. Maps) are publicly available in the needed quality and are of scope of RAN WG2 as any source of assistance information introduced in the past within LPP protocol.
GNSS RECEIVERS WAY OF WORKING:
The other question which was raised during the discussion in RAN WG#2 121 is how the initial phase of the solution is working and how the needed accuracy can be achieved in a reliable way. To answer this question it would be good to understand how legacy GNSS receivers are working. Below is an example:
Start-up Phase:
When a GNSS receiver starts up, it goes through a series of steps to obtain a position, an example is shown below:
· Power on and determine level of knowledge of GNSS data: time, position, frequency, satellite almanac and ephemeris
· Assistance data may be requested from the network at this time to obtain data that is relevant to its position at start-up, for example provided in already available GNSS assistance data: position, time, satellite availability (above the horizon), satellite ephemeris, Doppler frequency range based upon the uncertainty of the GNSS receiver’s position; RTK data, or other items.  It should be noted that assistance data may be requested multiple times as the GNSS receiver moves around.
Signal Acquisition Phase:
Initiate a signal acquisition process covering a volume consisting of axes covering: time, frequency, satellites, and signal power level (i.e. duration of signal correlation)
· The size of this ‘search volume’ depends upon the knowledge that the GNSS receiver has of these parameters and the local environment.
Position generation Phase:
As satellites are acquired by the GNSS receiver, it will start to generate a position:
· Determine frequency and time from the initial satellite signals
· Acquire sufficient satellites and attempt to determine a position: this may be done as soon as satellite signal is acquired – as would be the case when GNSS assistance data is available from the network, If the GNSS receiver does not get the satellite orbit data (ephemeris) as assistance data, it will need to decode the orbit data from the satellite transmissions, i.e. "decode the navigation data off-air".
· Generate position using the measurements that it has made, combined with any assistance data that has been received.
· Perform the first position calculation which will be likely be in error, because:
· the receiver will need to converge the GNSS signal measurements and at first acquisition these are likely to be noisy as the signal has just been acquired and there will need to be some time taken for signal tracking loops to stabilise and converge, particularly for weak signals.  For reference, it should be noted that the GNSS receiver may use signals at power levels at approximately -160dBm.
· Few satellites will have qualified measurements available at the time of this initial position calculation.
· The GNSS receiver will then:
· Determine the estimated uncertainty of the position calculation, based upon these initial measurements. This estimation is done using, for example, the output data from the Kalman Filter process used in determining the position, which includes the variance-covariance matrix that contains the variances and covariances associated with the position and other parameters.
· Compare this estimated uncertainty with metrics of the required position uncertainty for a specific use case. Note that the initial position is likely to fail to meet the uncertainty requirements due to errors as noted above – even in a good local signal environment - and this will only be made worse in an urban multipath environment, resulting in a larger position uncertainty.

· The GNSS receiver software will then move to the next processing epoch and repeat the process:
· Acquire additional satellite measurements (where available)
· Converge the signal tracking loops to obtain better measurement precision.
· Add any additional assistance data which may have arrived since the last measurement epoch to aid in computing the position.
· Repeat the position calculation process and determine uncertainty of this position.
· Compare the uncertainty of the position against the internal, or external metric.
This process will iterate at each measurement epoch, until either the position uncertainty is less than the required uncertainty value – at which point the position is declared as “Valid” and may be passed to other applications for use or a time-out is reached, at which point the GNSS receiver will return the best position solution that it is able to (even if its uncertainty has not yet reached the target value); this second option may be the case, for example, when a response is requested for position to be returned from the UE within a certain time to satisfy the requirements of a specific application.
Conclusion 2: The process of iteration to obtain a position is entirely standard for any legacy GNSS receiver and the initial position estimate is rather often not accurate as based on limited and inaccurate, but available information.
GNSS RECEIVER WITH LOS/NLOS IMPLEMENTATION
It is very important to highlight that a receiver implementing the proposed solution to use the Geospatial Augmentation data does exactly the same steps as highlighted in the previous chapter. In detail, we would like to describe the following steps:
· At GNSS receiver start-up, the GNSS Receiver may either request Geospatial Augmentation, or be sent this based upon UE capability (see our contribution in R2-2303196 for stage 3 details).
· If the GNSS receiver is able to provide a position at this stage – even the initial one (before qualification), with a large position uncertainty - then this can be used to determine the extent of the Geospatial Assistance data which is provided. The expected movement over e.g. the next 1 minute may also be used to determine the area for which Geospatial Assistance is requested to ensure availability of the required data. If the GNSS receiver is not able to provide a position then it may be sent Geospatial augmentation for example to cover the area of the current serving cell.

· This could be either based upon a broadcast, or unicast methodology.
· It is likely that a unicast may be preferred for data provided on a small grid spacing, whilst broadcast data could be provided for the cell on a larger grid spacing.
For small uncertainty areas: data may be provided on a 1 meter grid, but for a larger uncertainty area, the data may be provided on for example a 10 meter, or 20 meter grid.
· The following image shows a typical situation:
· The GNSS Receiver’s estimated position and position uncertainty is illustrated by the blue zone within the initial grid, which is shown covering an area around and between two buildings.
· The satellites are coloured for illustration:
· Green: available as LOS at all of the grid points within the GNSS Receiver’s uncertainty area
· Red: available only as NLOS at all of the grid points within the GNSS Receiver’s uncertainty area
· Yellow: uncertain: may be either available as LOS, or only NLOS, with a variation in LOS / NLOS between the different grid points within the GNSS Receiver’s uncertainty area
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· When the GNSS receiver obtains the Geospatial Augmentation data, it will apply its current position and uncertainty estimate to determine which are the grid data points that are relevant for it. When this set of Geospatial Augmentation data is available, the GNSS receiver may then scan through this to determine any satellites which are common to all of the grid points, for example it may follow a procedure as explained below (there might be different ways to process these data depending on receiver):

As the explanation for the above image, LOS satellites which are noted as LOS at all of the grid points are coloured green:
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Any NLOS satellites which are noted as NLOS at all of the grid points are coloured as red
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    Any satellites which are noted as uncertain would be coloured yellow.
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· The GNSS receiver may then apply the LOS / NLOS data in a repeat of the position calculation for the current epoch, re-using the current epoch’s measurements and applying the LOS and NLOS data that the GNSS receiver has determined are relevant to its current position and position uncertainty, i.e. for the satellites where they are either LOS, or NLOS at all of the grid points within the GNSS Receiver’s position uncertainty.

· The application of the LOS and NLOS data will enable the GNSS receiver to converge its position faster, by weighting the position calculation towards the known good LOS measurements.
· As the position uncertainty becomes smaller, then the GNSS Receiver may request additional information from the network for its current position at a tighter grid, to enable more granular Geospatial Augmentation data to be provided.
Conclusion 3: The GNSS receiver is able to apply Geospatial Augmentation data both when its initial knowledge of position may have a large uncertainty and it may request data at a coarse resolution; and then it may request data at a tighter grid as the position uncertainty reduces using the standard iterative method for applying assistance data within a GNSS position calculation as previously discussed.
MOBILITY ASPECTS:
The process for use of Geospatial Augmentation is the same when moving as when static. When a GNSS receiver is moving, the computed position includes estimates of the position uncertainty – as previously explained – and also estimates of the GNSS receiver’s velocity (speed and heading).
This data is already used inside a typical Kalman Filter estimation method to predict the receiver’s position at the next measurement epoch, and the position at this future measurement epoch is then determined by applying the measurement data available at that epoch, based around the predicted position.
Once a GNSS receiver is moving and if it would determine that a future epoch’s position would be close to, or beyond the extent of the Geospatial Augmentation data (either in position, or in time duration of the existing Geospatial Augmentation assistance that the GNSS receiver has available), the GNSS receiver may request an additional set of Geospatial Augmentation to cover this new location and estimated subsequent locations.
OTHER ASPECTS:
The Grid points and their resolution depends on the use case, amount of data needed, request of the device and other factors. The structure of the grid is following already specified structure of SSR grids.

Conclusions:

Conclusion 1:  The source of the data (e.g Maps) are publicly available in the needed quality and are out of scope of RAN WG2 as any other source of assistance information introduced in the past within LPP protocol.
Conclusion 2: The process of iteration to obtain a position is entirely standard for any legacy GNSS receiver and the initial position estimate is rather often not accurate as based on limited and inaccurate, but available information. 
Conclusion 3: The GNSS receiver is able to apply Geospatial Augmentation data both when its initial knowledge of position may have a large uncertainty and it may request data at a coarse resolution; and request data at a tighter grid as the position uncertainty reduces using the standard iterative method for applying assistance data within a GNSS position calculation 
Proposal: It is proposed to proceed with the definition of stage 3 details to support LOS/NLOS information as described in R2-2303196, R2-2303200, R2-2303206
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The device detects a set of satellites, where each satellite is classified as either LoS, NLoS or uncertain based
on the provided assistance data.
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