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Introduction
The possibility that a UE reports its coarse location to the network has been discussed in 3GPP for a long time. A coarse location is said to be comparable to a terrestrial cell with a radius of 2 km. Details of the format/representation of a coarse UE location however remains to agree on. The following is a relevant agreement from RAN2 #115e:
1. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected

This contribution addresses the highlighted FFS and proposes a representation format for a coarse UE location.
Discussion
A straightforward approach to a coarse location representation is to simply round a representation of accurate longitude/latitude coordinates. An accurate coordinate representation is defined in TS 37.355:
EllipsoidPointWithAltitude ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607),	-- 24 bit field
	altitudeDirection			ENUMERATED {height, depth},
	altitude					INTEGER (0..32767)				-- 15 bit field
}

This definition could be used as a baseline and round the coordinates to fewer bits so that a suitable coarse accuracy is achieved.
[bookmark: _Toc101792714]The definition of EllipsoidPoinWithAltitude in TS 37.355 can be used as a baseline for a definition of a coarse UE location format.
[bookmark: _Toc101792727]When defining a coarse UE location representation format, use the definition of EllipsoidPoinWithAltitude in TS 37.355 and round the coordinates to fewer bits to achieve a suitable accuracy. 
The usefulness of an altitude indication in a reported coarse UE location depends on the purpose of the location report, i.e. what the reported coarse location information will be used for. If the coarse UE location is reported instead of the UE’s TA for the purpose of determining a suitable UE specific Koffset, the altitude measure is important. On the other hand, if the purpose of reporting the coarse UE location is to determine which country the UE is located in, the altitude indication is not needed.
[bookmark: _Toc101792715]The usefulness of an altitude indication in the coarse UE location representation format depends on what the reported coarse UE location will be used for.
This implies that it would be advantageous to make it configurable whether an altitude indication should be included in a report of a coarse UE location. The configuration could e.g. be provided in the NTN-specific SIBXX.
[bookmark: _Toc101792728]Make it configurable whether an indication of the altitude should be included in a report of a coarse UE location. 
Since the reason for reporting a coarse UE location instead of a more accurate UE location is a tradeoff between accuracy and user integrity, it is important to ensure that the coarse location format is defined in a way that cannot result in a too accurately indicated location. Hence, an important observation is that longitudes are denser closer to the poles than at the equator.
[bookmark: _Toc101792716]Longitudes are denser closer to the poles than at the equator.
This has to be compensated for in the coarse location representation format. 
[bookmark: _Toc101792729]Compensate for the different longitude density at different latitudes, so that a reported coarse UE location cannot be too accurate. 
The longitudes in principle indicate steps along a circle around the earth at a certain latitude (which may be referred to as a “latitude circle”) and the circumference of this circle is proportional to cosine of the latitude. Hence, we can define a suitable number of bits for the longitude and latitude coordinates in the equator region and then, as we go from the equator towards one of the poles, we can reduce the number of bits representing the longitude by one every time the circumference of the “latitude circle” is halved. Hence, if N bits are used for representing the longitude coordinate at the equator, N bits could be used between latitude 0 (denoted as L0) and latitude L1, where cos(L1) = 2-1. Then N-1 bits could be used between L1 and L2, where cos(L2) = 2-2, etc. Generally expressed, N-M bits could be used for representing the longitude coordinate between longitudes LM and LM+1, where LM = arccos(2-M) and LM+1 = arccos(2-(M+1)) and 0  M  N-1.
For the latitude coordinate, the same number of bits can be used all over the earth. Using 12 bits to represent the latitude results in steps of 4.88 km, which is reasonably close to the desired accuracy. Of these 12 bits, one can be used to represent “north” or “south”, as in the definition of EllipsoidPoinWithAltitude.
The same longitude accuracy at the equator is achieved if 13 bits are used to represent the longitude coordinate at the equator. The different latitude ranges for different number of bits in the longitude representation can be derived using the above-described algorithm. However, the ranges have to be adapted to fit the quantized 11-bit binary representation of latitudes 0 - 90 (with a 12th bit representing “north” or “south”). This impact is the most obvious close to the poles, where the algorithm in principle breaks down when the quantization step is larger than the ideal latitude range. Because of this, it is not possible to specify 11-bit latitude ranges for longitude representations with only 1 and 2 bits closest to the poles. Instead, for the latitude range closest to the poles (which consists of only one 11-bit latitude value), 3 bits are used to represent the longitude. The result is the table below.

	Latitude range in degrees ()
	Latitude range represented with 11 bits
	Number of bits representing the longitude
	Longitude range
	Number of steps a “latitude circle” is divided into

	0 - 59.978022
	0 - 1364
	13
	4095
	8191

	59.978022 - 75.538462
	1365 - 1718
	12
	2047
	4095

	75.538462 - 82.835165
	1719 - 1884
	11
	1023
	2047

	82.835165 - 86.439560
	1885 - 1966
	10
	511
	1023

	86.439560 - 88.197802
	1967 - 2006
	9
	255
	511

	88.197802 - 89.120879
	2007 - 2027
	8
	127
	255

	89.120879 - 89.560440
	2028 - 2037
	7
	63
	127

	89.560440 - 89.824176
	2038 - 2043
	6
	31
	63

	89.824176 - 89.912088
	2044 - 2045
	5
	15
	31

	89.912088 - 89.956044
	2046
	4
	7
	15

	89.956044 - 90
	2047
	3
	3
	7



[bookmark: _Toc101792730]Adopt the above table for the definition of the representation format of a coarse UE location. 
What remains to discuss is the altitude. The altitude field in the EllipsoidPoinWithAltitude IE is defined as an INTEGER (0..32767), i.e. a 15-bit field, where the unit is 1 meter (where the largest value is defined to cover all higher heights or all deeper depths). Rounding such a value to 3 bits, while keeping the range of 32767 meters, results in a step (unit) of 4.096 km, which is sufficiently close to the desired accuracy. Adding to this one bit to indicate “height” or “depth” results in 4 bits to represent the altitude.
[bookmark: _Toc101792731]For representing a coarse UE location, use 12 bits for the latitude (where one bit indicates “north”/”south”), 3-13 bits for the longitude (where the number of bits depends on the latitude), and 4 bits for the optional altitude (where one bit is used to indicate “height”/”depth”). 
The above discussion may be summarized in the form of an ASN.1 definition of a coarse UE location (tentatively denoted as “CoarseEllipsoidPointWithOptionalAltitude”).
[bookmark: _Hlk101791156]CoarseEllipsoidPointWithOptionalAltitude ::= SEQUENCE {
    latitudeSign                   ENUMERATED {north, south},
    degreesLatitude               INTEGER (0..2047),          -- 11 bit field
    degreesLongitude              CHOICE {
        longForLatRange1              INTEGER (-4095..4095),  -- For latitudes 0-1364. 13 bit field.
        longForLatRange2              INTEGER (-2047..2047),  -- For latitudes 1365-1718. 12 bit field.
        longForLatRange3              INTEGER (-1023..1023),  -- For latitudes 1719-1884. 11 bit field.
        longForLatRange4              INTEGER (-511..511),     -- For latitudes 1885-1966. 10 bit field.
        longForLatRange5              INTEGER (-255..255),     -- For latitudes 1967-2006. 9 bit field.
        longForLatRange6              INTEGER (-127..127),     -- For latitudes 2007-2027. 8 bit field.
        longForLatRange7              INTEGER (-63..63),       -- For latitudes 2028-2037. 7 bit field.
        longForLatRange8              INTEGER (-31..31),       -- For latitudes 2038-2043. 6 bit field.
        longForLatRange9              INTEGER (-15..15),       -- For latitudes 2044-2045. 5 bit field.
        longForLatRange10             INTEGER (-7..7),         -- For latitude 2046. 4 bit field.
        longForLatRange11             INTEGER (-3..3)          -- For latitude 2047. 3 bit field.
    },
    altitudeDirection			ENUMERATED {height, depth}    OPTIONAL,
    altitude					INTEGER (0..7)    OPTIONAL  -- 3 bit field. Step size: 4.096 km.
}
As an alternative, this ASN.1 code could be divided into two IEs: one with altitude included (tentatively denoted as “CoarseEllipsoidPointWithAltitude”) and one without the altitude included (tentatively denoted as “CoarseEllipsoidPoint”).
CoarseEllipsoidPointWithAltitude ::= SEQUENCE {
    latitudeSign				   ENUMERATED {north, south},
    degreesLatitude               INTEGER (0..2047),          -- 11 bit field
    degreesLongitude              CHOICE {
        longForLatRange1               INTEGER (-4095..4095),  -- For latitudes 0-1364. 13 bit field.
        longForLatRange2               INTEGER (-2047..2047),  -- For latitudes 1365-1718. 12 bit field.
        longForLatRange3               INTEGER (-1023..1023),  -- For latitudes 1719-1884. 11 bit field.
        longForLatRange4               INTEGER (-511..511),     -- For latitudes 1885-1966. 10 bit field.
        longForLatRange5               INTEGER (-255..255),     -- For latitudes 1967-2006. 9 bit field.
        longForLatRange6               INTEGER (-127..127),     -- For latitudes 2007-2027. 8 bit field.
        longForLatRange7               INTEGER (-63..63),       -- For latitudes 2028-2037. 7 bit field.
        longForLatRange8               INTEGER (-31..31),       -- For latitudes 2038-2043. 6 bit field.
        longForLatRange9               INTEGER (-15..15),       -- For latitudes 2044-2045. 5 bit field.
        longForLatRange10              INTEGER (-7..7),         -- For latitude 2046. 4 bit field.
        longForLatRange11              INTEGER (-3..3)          -- For latitude 2047. 3 bit field.
    },
    altitudeDirection			ENUMERATED {height, depth},
    altitude					INTEGER (0..7)               -- 3 bit field. Step size: 4.096 km.
}

CoarseEllipsoidPoint ::= SEQUENCE {
    latitudeSign               ENUMERATED {north, south},
    degreesLatitude           INTEGER (0..2047),          -- 11 bit field
    degreesLongitude          CHOICE {
        longForLatRange1          INTEGER (-4095..4095),  -- For latitudes 0-1364. 13 bit field.
        longForLatRange2          INTEGER (-2047..2047),  -- For latitudes 1365-1718. 12 bit field.
        longForLatRange3          INTEGER (-1023..1023),  -- For latitudes 1719-1884. 11 bit field.
        longForLatRange4          INTEGER (-511..511),     -- For latitudes 1885-1966. 10 bit field.
        longForLatRange5          INTEGER (-255..255),     -- For latitudes 1967-2006. 9 bit field.
        longForLatRange6          INTEGER (-127..127),     -- For latitudes 2007-2027. 8 bit field.
        longForLatRange7          INTEGER (-63..63),       -- For latitudes 2028-2037. 7 bit field.
        longForLatRange8          INTEGER (-31..31),       -- For latitudes 2038-2043. 6 bit field.
        longForLatRange9          INTEGER (-15..15),       -- For latitudes 2044-2045. 5 bit field.
        longForLatRange10         INTEGER (-7..7),         -- For latitude 2046. 4 bit field.
        longForLatRange11         INTEGER (-3..3)          -- For latitude 2047. 3 bit field.
    }
}

[bookmark: _Toc101792732]Either adopt the above ASN.1 code for the CoarseEllipsoidPointWithOptionalAltitude IE or the ASN.1 code for the CoarseEllipsoidPointWithAltitude IE and the CoarseEllipsoidPoint IE as the definition of the representation format for a coarse UE location.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The definition of EllipsoidPoinWithAltitude in TS 37.355 can be used as a baseline for a definition of a coarse UE location format.
Observation 2	The usefulness of an altitude indication in the coarse UE location representation format depends on what the reported coarse UE location will be used for.
Observation 3	Longitudes are denser closer to the poles than at the equator.
Based on the discussion in the previous sections we propose the following:
Proposal 1	When defining a coarse UE location representation format, use the definition of EllipsoidPoinWithAltitude in TS 37.355 and round the coordinates to fewer bits to achieve a suitable accuracy.
Proposal 2	Make it configurable whether an indication of the altitude should be included in a report of a coarse UE location.
Proposal 3	Compensate for the different longitude density at different latitudes, so that a reported coarse UE location cannot be too accurate.
Proposal 4	Adopt the above table for the definition of the representation format of a coarse UE location.
Proposal 5	For representing a coarse UE location, use 12 bits for the latitude (where one bit indicates “north”/”south”), 3-13 bits for the longitude (where the number of bits depends on the latitude), and 4 bits for the optional altitude (where one bit is used to indicate “height”/”depth”).
Proposal 6	Either adopt the above ASN.1 code for the CoarseEllipsoidPointWithOptionalAltitude IE or the ASN.1 code for the CoarseEllipsoidPointWithAltitude IE and the CoarseEllipsoidPoint IE as the definition of the representation format for a coarse UE location.
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