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Abstract of document:
Two different issues have been identified with the testing of aerial UEs with GNSS. These are discussed below, and proposals made to solve both issues.
Detail:
Issue #1: accuracy of height measurements.
Background:
The height of an object above or below the earth has to be made relative to some reference.
There are three commonly used references for measuring the height of an object:
· Ellipsoid earth model(s) – we will only consider WGS 84
· Geoid earth models – commonly used ones include EGM84, EGM96, EGM2008
· Sea level or mean sea level
The ellipsoid earth model(s) is a simple model of the earth using a single smooth ellipsoid. Importantly the WGS 84 ellipsoid model is the reference used by GNSS and therefore used for the initial position calculation inside GNSS receivers. Therefore, we have to assume it is also the model used for initial GNSS calculations in most UEs.
The geoid earth (gravity) models are more complex (and more accurate) models which model the earth as a surface of equal gravitational potential. There are various models but for the purposes of this discussion the differences between them are small (a few meters only) and they will just be referred to as the geoid model. Importantly the geoid model approximates to mean sea level and for the purposes of this discussion the differences between the geoid model and mean sea level are again small and therefore we will take the geoid to represent mean sea level.
Sea level or mean sea level is poorly defined and varies from country to country and changes with time. However, as mentioned above for our purposes it can be approximated by the geoid.
For aerial UEs, RAN 2 has defined the height of the UE as referenced to “sea level”. 
In 3GPP, RAN 2 (or RAN 4) have NOT defined any accuracy requirements for the height measurement by the UE (this applies to all UEs, not just aerial UEs). 
Note that RAN 2 have also NOT defined any particular technology to be used for aerial UE height estimation, but for the purposes of testing RAN 5 has assumed that GNSS is a likely technology and the relevant UE signalling tests assume the use of GNSS (although it was agreed that other technologies/techniques could be added later).
Discussion.
Given that 3GPP has not defined any accuracy requirements for the aerial UE height measurements and given that the tests in RAN 5 are for signalling only, we have to ensure that a UE will not fail the tests because of a too-stringent height measurement requirement.
In the initial estimate of a “sensible” height measurement accuracy using GNSS we made the following assumptions:
1.  The accuracy with which a GNSS receiver can measure height is always poorer than the accuracy for 2-D measurements due to the GNSS satellite geometry and we assumed a factor of 1.5 times for this degradation. We took the general 3GPP 2-D A-GPS accuracy requirement from RAN 4 of 30m for A-GPS “nominal accuracy” and multiplied it by 1.5 to give an assumed 45m height measurement accuracy (for RAN 5 signalling testing purposes only!).
2. We then assumed only an additional 5m for test equipment uncertainties and other test tolerances as at that time we were querying whether RAN 2 had really intended to use the rather unsatisfactory “sea level” as the reference for aerial heights.
RAN 2 delegates have confirmed that a “sea level” reference was intended, so now we have to consider if the 5m additional test uncertainty is sufficient.
As discussed above, all GNSS calculations use WGS 84 as the reference. In order to convert from WGS 84 to a (or the) geoid (for which read sea level) a look-up table is required, based on the 2-D location of the GNSS receiver. Such a look-up table can be accessed via the Internet or could be stored locally on the UE. The accuracy of such a table obviously depends on the size (number of entries) of the table. Without any conversion, the maximum difference across the globe between WGS 84 and the geoid is approximately 100m. Note that at the 2-D location (near Tokyo) specified by RAN 5 in TS 36.508 for aerial testing, the difference is approximately 38m.
Given that there is no 3GPP height accuracy requirement and given that conversion between WGS 84 and the geoid is not trivial, we have to question whether all UEs will in fact bother to convert between these two references or may simply use the WGS 84 result without further conversion. We argue that we cannot assume all UEs will bother to make this conversion and that we must allow for this possible inaccuracy in our signalling tests.
PROPOSAL 1:
For the aerial signalling tests we allow an additional 40m of inaccuracy for the aerial UE height measurement (at the location specified in TS 36.508). This will then give a total height measurement test tolerance of 45m + 40m + 5m = 90m.

Issue #2: lack of use of a GNSS “reset” command for aerial UE testing.
Background:
In the RAN 5 signalling tests for aerial UEs, for the tests that use GNSS we do not use any GNSS “reset” command as there is nothing that we need to “reset” in these cases (unlike in other RAN 5 testing with GNSS where there is a requirement to “reset” some parameter(s) such as time).
The GNSS receivers in 3GPP UEs are becoming increasingly sophisticated in the way they treat the calculation (or more importantly the authentication) of position. The software in UE GNSS receivers is now more and more likely to perform various checks on the GNSS signals and on the resulting position estimates, including checks on the consistency of the satellite orbits and on the various time references available to the UE. If inconsistencies (especially gross inconsistencies) are detected, then the position estimate is likely to be rejected as false in some way.
For the testing of aerial UEs where we need GNSS, we have simply re-used one of the “traditional” GNSS satellite scenarios with satellite orbits and also the time that we agreed in RAN 5 many years ago. If we had also used a GNSS “reset” command, this would not be a problem as the UE would then know to reject any inconsistencies as it would also know that it was in some form of test mode. However, without any GNSS “reset” command an aerial UE may now, or in the future, reject the “traditional” GNSS scenario we use as it is inconsistent with current satellite orbits and/or current time.
[bookmark: _Hlk16075384]We argue that we should not add any GNSS “reset” command simply to overcome this possible issue, but rather we should adjust our GNSS test scenario to use “current” satellite orbits and “current” time which the UEs should then not reject. This makes the aerial testing more realistic (and may also be found useful as a model for GNSS testing of new 3GPP features in the future).
PROPOSAL 2:
For the aerial signalling tests where GNSS is required, we adjust our GNSS test scenario to use “current” satellite orbits and “current” time.

Summary:
Two proposals are presented for endorsement and relevant CRs are also submitted for approval.
PROPOSAL 1:
For the aerial signalling tests we allow an additional 40m of inaccuracy for the aerial UE height measurement (at the location specified in TS 36.508). This will then give a total height measurement test tolerance of 45m + 40m + 5m = 90m.
CR to TS 36.523-1 in Tdoc R5-195932
PROPOSAL 2:
For the aerial signalling tests where GNSS is required, we adjust our GNSS test scenario to use “current” satellite orbits and “current” time.
CR to TS 36.508 in Tdoc R5-195931
