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Abstract of the contribution: Examines and proposes content and encoding for SCAI suitable for a UE, AMF or MME.
1. Introduction
TS 23.501 [1] currently includes the following.
	[bookmark: _Toc20149626][bookmark: _Toc27846417][bookmark: _Toc36187541][bookmark: _Toc45183445][bookmark: _Toc47342287][bookmark: _Toc51768985][bookmark: _Toc122440057]3.1	Definitions
[bookmark: _Hlk126933839][bookmark: _Hlk128041025]. . . .
Satellite coverage availability information: this refers to location and time information related to expected coverage availability of satellite/satellite constellation that provides discontinuous coverage.  
Editor's Note: Whether the definition of Satellite coverage availability information applies only to information provisioned to the AMF or both to UE and AMF is FFS.
. . . . 
UE out-of-coverage period: The time period that UE is assumed to be out of coverage in case of NR satellite access that provides discontinuous coverage, based on satellite coverage availability information. 

5.4.X.Y Coverage availability information provisioning to the UE
A UE may use satellite coverage availability information for satellite access to support discontinuous coverage operations. Satellite coverage availability information can be provided to a UE by an external server via a PDU Session or SMS.
Editor's Note: Whether the protocol used over the user plane between the UE and the external server to provide the satellite coverage availability information is standardised or not is FFS. 
Editor's Note: Whether the format of the Satellite coverage availability information provisioned to UE will be standardised or not is FFS. 

5.4.X.Z Coverage availability information provisioning to the AMF
[bookmark: _Hlk127961677]The AMF may use satellite coverage availability information to support satellite access by UEs with discontinuous coverage operation. Satellite coverage availability information may be provisioned to the AMF by O&M or by AF.
The satellite coverage availability information provisioned to the AMF describes when and where satellite coverage is expected to be available in an area. The satellite coverage availability information is not UE specific and can be applied by the AMF for any UE in the affected area.
Editor’s Note: 	It needs to be determined whether both sources (i.e. O&M and AF) of satellite coverage availability information will be supported or just one of them.
Editor's Note:	Whether NEF exposure procedure can be re-used for provisioning satellite coverage availability information from the AF is FFS.



It is clear that satellite coverage availability information (SCAI) is critical to supporting discontinuous coverage at a UE and AMF (and at an MME for EPS). However, there is no description or definition so far anywhere other than the very brief two line description in clause 3.1 of TS 23.501 [1].  This makes stage 3 definition of SCAI (e.g. in CT1 and CT3) problematic as well as solutions for request and transfer of SCAI, as it is not clear what parameters should be included in a request nor how large and complex the SCAI might be (or needs to be) in a response.
The description and evaluation here is intended to remedy that by examining and proposing suitable content for SCAI and suitable input parameters for requesting SCAI.
2. SCAI for a UE, AMF and MME
[bookmark: _Toc510607461]TS 23.501 [1] currently includes the following in clause 5.4.13.2:
The satellite coverage availability information provisioned to the AMF describes when and where satellite coverage is expected to be available in an area. The satellite coverage availability information is not UE specific and can be applied by the AMF for any UE in the affected area.
So SCAI for an AMF (or MME) should apply to an area – and by implication a serving area for an AMF (or MME) which may be large (e.g. an entire country or region of a country). The SCAI would also need to apply to a period of time for this area (e.g. 6 hours, 24 hours, 48 hours etc.,) to enable an indication of when coverage is and is not available for different locations within the area.
An individual UE would not normally need SCAI for an entire AMF (or MME) area. However, since a UE can move around, and possibly unpredictably, within an AMF (or MME) serving area and possibly cross over different AMF (or MME) serving areas, an area approach to supporting SCAI for a UE could also be suitable. For example, in an extreme case where a UE is not expected to move a large distance (e.g. by less than 25 kms), UE SCAI might be minimized to a single location or to a small area (e.g. a circle with 25km radius) surrounding a single location. In other cases, where a UE can move by longer distances, possible future locations of the UE (e.g. based on a maximum distance of travel estimate) can be used to define a larger area for which SCAI is provided. Either possibility would make UE SCAI a subset of SCAI for an AMF (or MME) or for several AMFs (or MMEs) when the UE may cross over AMF (or MME) areas. 
Observation 1	When possible future UE locations are known, UE SCAI can be a subset of AMF (or MME) SCAI with respect to locations.
Additionally or instead, UE SCAI might be based on a known or expected trajectory of a UE in which future UE locations are defined together possibly with the times at which the UE will be at these locations. When the times are not known, the UE trajectory can define an area for which SCAI can be provided as a subset of SCAI for an AMF (or MME), where Observation 1 remains applicable. When the times are known, UE SCAI can be provided for specific locations at specific times which may reduce the amount of SCAI.  However, the UE SCAI can remain a subset of SCAI for an AMF (or MME) by including coverage information for a subset of both the locations and times of SCAI for an AMF (or MME). 
Observation 2	When a future UE trajectory, containing both locations and times, is known, UE SCAI can be subset of AMF (or MME) SCAI with respect to both locations and times.
3. Content of SCAI
3.1	Boolean Coverage Availability Indication
Satellite coverage availability should be indicated by a Boolean “True” or “False” value which could be provided for a set of locations (e.g. within an AMF or MME area or within an area applicable to a UE) and for a sequence of times. At a particular location and time, the indication can mean simplistically that a UE would either be able to (True), or not able to (False), access at least one satellite for a particular satellite RAT at that location and time. That would mean coverage at the particular location and time by at least one satellite radio cell with sufficient signal power and quality to be considered by a UE as a “suitable cell” according to requirements in TS 38.304 [2] for NR or TS 36.304 [3] for E-UTRA. Radio cells that were not able to provide coverage to a particular location due to regulatory requirements (e.g. where a radio cell unintentionally provides coverage to a non-allowed country) or PLMN restrictions (e.g. where a radio cell does not support a particular serving PLMN or equivalent PLMN at a particular location) would have to be discounted.
Since access to a suitable cell depends on the receiver sensitivity of a UE including antenna gain or loss, SCAI True and False indications should assume a standard minimum receiver sensitivity as defined in TS 38.101-5 [4] for NR and TS 36.102 [5] for E-UTRAN. Any difference to this (e.g. for a VSAT UE) should be indicated by an overall receiver and antenna gain or loss relative to the standard minimum sensitivity.
Observation 3	Satellite coverage availability should be indicated by Boolean “True” and “False” indications corresponding to availability or at least one suitable radio cell for a particular location and time.
3.2	Trajectory based Indications
For a UE, SCAI could be provided for a known or expected UE trajectory. In a limiting degenerate case, the trajectory would become a single location when the UE was not expected to move by more than some maximum distance (e.g. 25 kms). An initial location could be provided using complete coordinates (e.g. latitude, longitude) and subsequent locations (when present) could be indicated as locations relative to the initial location. SCAI indications would then be provided for each location and for one or more times when the UE was, or might be, expected to be present at that location.
Observation 4	Satellite coverage availability can be indicated for different locations along a UE trajectory where the time at which the UE is at each location may be known or not known.
3.3	Grid Point based Indications
To indicate different locations over an area (e.g. for an AMF or MME or for a UE whose future movement was unknown), a grid point approach can be used in which locations are indicated for a set of grid points in a rectangular or hexagonal array with equal spacing. A Boolean Coverage Availability Indication or a Numeric Signal Power Indication would be provided for each grid point and would be calculated (e.g. by a server) to apply to either just that location (Option A) or to an area (“grid point area”) around the grid point containing locations that were closer to that grid point than to any other grid point (Option B). As an example, the Numeric Signal Power Indication for a grid point could be set to either the signal power at the grid point location (for Option A) or the minimum signal power for all locations in the grid point area (for Option B). A Boolean Coverage Availability Indication could be likewise set to True if and only if there was coverage at either the grid point location (for Option A) or at all locations in the grid point area (for Option B).


Figure 1 – Rectangular and Hexagonal Grid Point Arrays
The SCAI indications (e.g. Boolean True or False values) for the set of grid points could then be provided for a sequence of times with a fixed periodic interval. There might be a convention that SCAI indications remain valid for some minimum portion of the time interval. For example, for a sequence of times T0-T, T0, T0+T, T0+2T (where T is the periodic interval), the SCAI indication provided for T0 might be calculated to apply minimally to the time T0 or some portion (up to 100%) of the time interval T0-0.5T to T0+0.5T. Coding of the SCAI could be location based and then time based, where SCAI indications are provided for all grid point locations at a particular time, with the data then repeated for each successive time. Alternatively, the coding could be time based and then location based, where the opposite convention is used. Using single bits to represent Boolean Coverage Availability Indications, the entire SCAI could be encoded as a bit string. 
Observation 5	Satellite coverage availability can be indicated for a set of grid points locations in a rectangular or hexagonal array and encoded as a bit string.
3.4	Time Duration based Indications
In some cases, SCAI indications may remain the same for different locations for long periods of time. This would generally apply when satellite access availability is either low (e.g. less than 15% of time) or high (e.g. greater than 85% of time). For these cases, providing SCAI indications for a sequence of times with a fixed periodic interval would generally repeat most of the same data at each periodic time. A more efficient way to provide SCAI indication in this case would be to provide an SCAI indication together with a time period for which the indication applies. For a particular location, this would lead to the following type of sequence:
	<Initial Time> <N> <SCAI Indication 1><Period 1> <SCAI Indication 2><Period 2> . . . . <SCAI Indication N><Period N> 
The Initial Time would indicate the starting time. Each period would indicate for how long a particular SCAI Indication (e.g. a Boolean True or False value) applied with the starting time for that period equal to the Initial Time plus all the previous Periods. This could be encoded as a bit string and repeated for each grid point or each location.
Observation 6	Satellite coverage availability can be indicated using a sequence of time durations for which satellite coverage availability stays constant and can be encoded as a bit string.
4. Encoding of SCAI
[bookmark: _Hlk51968268]The different types of SCAI content described in clause 3 can be combined and then encoded in different ways. Three examples are provided here that seem promising. 
4.1	Grid Points with Boolean Coverage Availability Indications
4.1.1		Input Requirements 
A UE might indicate the following to a source of SCAI (e.g. an external server):	
	Registered PLMN (if not already known or implied)
	One or more satellite RATs (satellite availability is then based on radio cell availability for any of the RATs)
List of supported NTN frequency bands (if not implied by the particular RATs)
	Location (e.g. latitude and longitude) for a reference grid point (e.g. the most Southerly and then most Westerly grid point)
Grid Point Spacing[footnoteRef:1] [1:  Grid point spacing can define the North-South and East-West straight line distance between pairs of adjacent grid points. Due to the curvature of the Earth, this distance might be measured over a great circle, which can be a line of longitude for distances in a North-South direction and a great circle at right angles to this for an East-West direction that would approximate a line of latitude at lower latitudes but would diverge from this at higher latitudes. A shape description, possibly in TS 23.032 [6], can be defined later to make this precise. However, from an SCAI coding perspective (e.g. for CT1), such a definition would not have an impact.
] 

	Start Time, Periodic Time Interval, Number of Periodic Times
	Type of Array (e.g. rectangular or hexagonal)
	Number of Grid Points (e.g. total number or separate numbers in North-South and East-West directions)
	UE Category for E-UTRA (M1 or NB1/NB2)
	UE Receiver and Antenna Gain or Loss relative to minimum requirements in TS 38.101-5 or TS 36.102	
An AMF or MME could provide the same set of input parameters except that these might be provided separately for each satellite RAT, each frequency band and for different receive signal power parameters.
Parameter values could also be constrained to reduce complexity. For example, a reference location could be quantized to exact degrees or exact half degrees of latitude and longitude; grid point spacing might be restricted to say 20km, 50km, 100km, 200km; the Start Time might be current time rounded to a next minute boundary; the time interval might be restricted to say 30 seconds, 1 minute, 2 minutes or 5 minutes; the number of times might be 100 times some power of 2; only a rectangular array might be supported;the number of grid points might be restricted to a square with 1, 2x2, 3x3, 4x4 etc. grid points; and receiver and antenna gain or loss might be restricted to a just few values or ranges.
4.1.2		Output Requirements
Based on the input requirements above, SCAI would be delivered as a sequence of bit strings, where each bit string is for a separate time and includes one bit for each grid point in the grid point array with a one value indicating coverage and a zero value indicating no coverage.  There could be a fixed order of grid point inclusion (e.g. West to East, then South to North starting at the reference grid point). This would lead to a combined bit string containing only SCAI Boolean indications without a need for delimiters, length indications or parameter type indications. For example, for a square area of 2000x2000 kms containing 1600 grid points spaced 50 km apart and with a periodic time interval of 1 minute, the combined bit string size for 24 hours of data would have the following size:
SCAI Size	=	(1600 x 24 x 60) bits
= 	2.3 Mbits or 288 Kbytes 
This seems reasonable for an AMF or MME though not a UE. In another example, for just one grid point and a periodic time interval of 1 minute over 24 hours, the SCAI data size would decrease to 180 octets which seems small enough for one UE even using transport by SMS.
Observation 7	Encoding of SCAI using Grid Points with Boolean Coverage Availability Indications leads to a bit string which could be a few hundred Kbytes to a Mbyte for an MME or AMF but can be reduced to around 200 octets for a UE at one location.
4.2	Grid Points with Boolean Coverage Availability and Time Duration Indications
4.2.1		Input Requirements 
As in clause 4.1.1.
4.2.2		Output Requirements
Based on the input requirements, SCAI would be delivered as a sequence of time durations for each grid point where each time duration includes a Boolean indication of coverage availability or unavailability. The output could look as follows for each grid point:
Output	=	<N> <Binary 0 or 1><Duration 1> <Binary 0 or 1><Duration 2> . . . . <Binary 0 or 1><Duration N>
The above would be concatenated for all of the grid points according to some defined ordering of grid points to produce the SCAI as a combined bit string. Assuming the same example as in clause 4.1.2, an average duration of 15 minutes, use of 2 octets to encode the number of durations N, and use of 1 octet to encode each of the Periods, the total SCAI size would be:
	SCAI size		=	1600  x  (16  +  (24 x 60 / 15) x 9)  bits
= 	1.41 Mbits or 176 Kbytes 
For just one grid point in this example, the SCAI data size would decrease to 110 octets.
Observation 8	Encoding of SCAI using Grid Points with Boolean Coverage Availability and Time Duration Indications leads to a bit string which could be a few hundred Kbytes to a Mbyte for an MME or AMF but can be reduced to around 100 octets for a UE at one location.
5. Conclusions
The following observations were made above.
Observation 1	When possible future UE locations are known, UE SCAI can be a subset of AMF (or MME) SCAI with respect to locations.
Observation 2	When a future UE trajectory, containing both locations and times, is known, UE SCAI can be subset of AMF (or MME) SCAI with respect to both locations and times.
Observation 3	Satellite coverage availability should be indicated by Boolean “True” and “False” indications corresponding to availability or at least one suitable radio cell for a particular location and time.
Observation 4	Satellite coverage availability can be indicated for different locations along a UE trajectory where the time at which the UE is at each location may be known or not known.
Observation 5	Satellite coverage availability can be indicated for a set of grid points locations in a rectangular or hexagonal array and encoded as a bit string.
Observation 6	Satellite coverage availability can be indicated using a sequence of time durations for which satellite coverage availability stays constant and can be encoded as a bit string.
Observation 7	Encoding of SCAI using Grid Points with Boolean Coverage Availability Indications leads to a bit string which could be a few hundred Kbytes to a Mbyte for an MME or AMF but can be reduced to around 200 octets for a UE at one location.
Observation 8	Encoding of SCAI using Grid Points with Boolean Coverage Availability and Time Duration Indications leads to a bit string which could be a few hundred Kbytes to a Mbyte for an MME or AMF but can be reduced to around 100 octets for a UE at one location.
Some of these observations are based on particular examples and could be different in other examples. However, the feasibility of defining and encoding SCAI has been demonstrated with SCAI data size that seems not too great for an AMF or MME or too great for a UE even when SMS transfer is used. To enable implementation and deployment of SCAI provision to a UE as well as to an AMF and MME, a standard definition of SCAI content and encoding is needed which falls under the remit of CT1, resulting in the following proposal.
Proposal 1	SA2 should ask CT1 to proceed with defining the content and encoding of SCAI (e.g. in a new or existing CT1 specification) and the protocol and format to transfer SCAI to a UE over a PDU session or using SMS. 
Proposal 2	SA2 to replace the existing text in clause 5.4.13.2 as proposed below: 
A UE may use satellite coverage availability information for satellite access to support discontinuous coverage operations. Satellite coverage availability information can be provided to a UE by an external server via a PDU Session or SMS as defined in CT1 specifications.
· Editor's Note: The specification that will define the protocol and format of satellite coverage availability information via PDU session or SMS will be defined by CT1.
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