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1. Introduction
[bookmark: _Toc510607461]A functional based evaluation of the solutions in TR 23.700-28 is provided here. New solutions from SA2#152E are also added to Table 7.5-1.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-28.

*** First Change (all new text) ***
7.x	Functional Evaluation 
This clause evaluates how different solutions support common functions.
7.x.1	Determination of Satellite Coverage
Table 7.x.1-1 shows assumptions regarding which types of entity (UE, RAN or CN) are able to determine satellite coverage for those solutions that use satellite coverage information to support mobility management. The type of satellite coverage information and the means to obtain it are not included.
Table 7.x.1-1: Determination of Satellite Coverage by Different Types of Entity
	Solution
	UE able to determine coverage
	RAN able to determine coverage
	CN able to determine coverage

	#1
	Y
	Y
	Y

	#2
	N
	N
	Y

	#3
	Y
	N
	N

	#4
	N
	N
	Y

	#5
	N
	N
	Y

	#6
	Y
	N
	Y (optional)

	#7
	Y
	N
	N

	#8
	Y
	N
	N

	#9
	Y
	N
	Y

	#11
	Y
	Y
	Y

	#12
	Y
	Y
	N

	#13
	Y
	N
	N

	#14
	Y
	N
	N

	#16
	Y
	N
	N

	#21
	Y
	N
	Y

	#23
	Y
	N
	N



From Table 7.x.1-1, it can be seen that 13 of the listed 16 solutions assume (or allow) that the UE is able to determine satellite coverage for itself.
Table 7.x.1-1 also shows that 8 of the listed 16 solutions assume (or allow) that the CN is able to determine satellite coverage for UEs. Table 7.x.1-1 also shows that 5 of these 8 solutions are among the 13 solutions that support UE determination of satellite coverage.
Table 7.x.1-1 further shows that 3 of the listed 16 solutions assume that the RAN is able to determine satellite coverage for UEs.
Based on the numbers, it seems clear that UE determination of satellite coverage is a common denominator of most solutions. CN determination of satellite coverage does not then seem essential, unless UE determination of satellite coverage may not be reliable or if only CN is aware about future UE trajectory. If UE and possibly CN determination of satellite coverage are supported, RAN determination of satellite coverage does not seem essential.
7.x.2	Coordination of Coverage Gap Periods
Some but not all of the solutions listed in Table 7.x.1-1 use the determination of satellite coverage to coordinate coverage gap periods between a UE and AMF or MME such that both entities are explicitly or implicitly aware of when a coverage gap begins and ends. One entity acts as the coordinator by determining one or more coverage gaps and sends information about this to the other entity which may act on the information and/or check the information. 
Table 7.x.2-1 shows the coordinating entity, the information that is transferred by the coordinating entity and what are the actions at the recipient entity.
Table 7.x.2-1: Coordination of Coverage Gaps by Different Solutions
	Solution
	Coordinating Entity
	Information Transferred by Coordinating Entity
	Actions at recipient entity

	#1
	MME/AMF
	To UE: power saving parameters for eDRX, MICO or PSM 
	UE: follow normal power saving procedures

	#2
	MME
	To UE: NAS PSM parameters
	UE: follow normal EPS PSM procedure

	#3
	UE
	To MME/AMF: NAS request parameters for eDRX, MICO or PSM 
	MME/AMF: Honour UE request parameters when there is NTN access and then follow existing procedures

	#5
	MME/AMF
	To UE: power saving parameters for eDRX, MICO or PSM 
	UE: follow normal power saving procedures

	#6
	UE
	To MME/AMF: Unreachability Period 
	MME/AMF: Optionally check the unreachability period and confirm to UE
Buffer DL data during unreachability period or until UE indicates it is back in coverage

	#8
	UE
	To MME/AMF: Leaving Coverage Indication followed later by an indication of back in coverage
	MME/AMF: assume the UE is out of coverage between the 2 indications

	#9
	MME/AMF
	To UE:  Future periodic registration timer/TAU timer and optional power savings parameters
	UE: activate the future periodic registration timer/TAU timer when leaving satellite coverage

	#11-A
	UE
	To MME/AMF: Indication of leaving coverage and optionally time/location for return to coverage,
	MME/AMF: Return periodic registration/TAU timer to UE 

	#11-B
	MME/AMF
	To UE: Periodic registration/TAU timer, power saving parameters for eDRX, MICO or PSM and/or a request for an Indication of leaving coverage and/or returning to coverage from the UE, NTN MO Backoff Mode and timer for UE to withhold the UL MO data and signalling
	UE: Use normal power saving procedures, send Indication of leaving coverage if requested, send indication of returning to coverage if requested 

	#16
	UE
	To MME/AMF: Generalized Unavailability Period 
	MME/AMF: Buffer DL data during unavailability period and wait for UE to indicate it is back in coverage

	#21-A
	UE
	To MME/AMF: NAS request parameters for eDRX, MICO or PSM
	MME/AMF: Honour UE request parameters when there is NTN access and then follow existing procedures

	#21-B
	MME/AMF
	To UE: Power saving parameters for eDRX, MICO or PSM
	UE: Use normal power saving procedures or request new power saving parameters for eDRX, MICO or PSM from the MME/AMF

	NOTE:	Solutions #11 and #21 each support UE coordination and MME/AMF coordination as alternatives. The UE coordination alternative is referred to as “A” and the MME/AMF alternative is referred to as “B”.



As shown in Table 7.x.2-1, 7 solutions (#1, #2, #3, #5, #9, #11-B, #21) coordinate coverage gaps using existing power saving parameters for eDRX, MICO or PSM. However, 6 of these 7 solutions are MME/AMF coordinated or allow for MME/AMF coordination and only 2 solutions support UE coordination.
Table 7.x.2-1, also shows that 4 solutions (#6, #8, #11-A, #16) coordinate coverage gaps using explicit indications of when coverage will cease and when it resumes. All 4 of these solutions are UE coordinated. In the case of Solution #16, the method of transfer would use an indication of an unavailability period in a Registration Request that is part of the conclusions for the Study on Seamless UE context recovery in TR 23.700-61 [11]. This could reduce impacts by combining common support for two separate features.
This suggests using explicit indications of when coverage will cease and when it resumes if a UE determines and coordinates coverage gaps. Use of existing power saving parameters for eDRX, MICO or PSM seems suitable if an MME/AMF determines and coordinates coverage gaps. However, it is not clear that MME/AMF determination and coordination of coverage gaps is needed if a UE is able to perform this reliably, but in the other hand MME/AMF will require coverage gaps analysis for paging optimization.
7.x.3	Source of Satellite Coverage Data
Table 7.x.3-1 summarizes different sources of coverage data as defined or allowed by different solutions. The listed sources may not be the ultimate sources and may obtain coverage data from some other source (e.g. a satellite network provider) but that aspect is not specified by the solutions.
Table 7.x.3-1: Source of Satellite Coverage Data defined by Different Solutions
	Solution
	Source of Satellite Coverage Data

	
	RAN
	External Server
	NWDAF
	Undefined
	AMF/MME
	O&M
	AF
	New NF

	#1
	Y
	
	
	
	
	
	
	

	#2
	
	Y
	
	
	
	
	
	

	#3
	Y
	
	
	
	
	
	
	

	#4
	Y
	
	
	
	
	
	
	

	#5
	Y
	
	
	
	
	
	
	

	#6
	Y
	
	Y
	
	
	
	
	

	#7
	Y
	
	
	
	
	
	
	

	#8
	
	
	
	Y
	
	
	
	

	#9
	Y
	
	
	Y
	
	
	
	

	#11
	
	
	
	Y
	
	
	
	

	#12
	
	
	
	Y
	
	
	
	

	#13
	
	
	
	Y
	
	
	
	

	#14
	
	
	
	Y
	
	
	
	

	#15
	
	Y
	Y
	
	Y
	Y
	
	

	#16
	
	
	
	Y
	
	
	
	

	#17
	
	Y
	
	
	Y
	
	
	Y

	#19
	
	
	
	
	
	
	Y
	

	#21
	Y
	
	Y
	
	
	Y
	Y
	

	#22
	
	Y
	
	
	
	
	Y
	

	#23
	
	
	
	Y
	
	
	
	



As shown in Table 7.x.3-1, 8 of the 20 listed solutions assume the RAN as the source of coverage data (for the UE, CN or both). The RAN probably cannot be the ultimate source of the data and O&M might be needed to configure the data in the RAN, but that may be considered as out of scope of Release 18.
As also shown in Table 7.x.3-1, 8 of the 20 listed solutions assume availability of coverage data but leave the source undefined.
The remaining possible sources listed in Table 7.x.3-1 comprise an external server (4 solutions), NWDAF (3 solutions), AMF/MME (2 solutions), O&M (2 solutions), AF (3 solutions), and a new NF (1 solution).
Since the 8 solutions defining RAN as the source of coverage data would very likely need to rely on O&M to configure the RAN (even though out of scope), use of O&M to configure coverage data in the CN also seems to be suitable. The next most popular solution is an external server which could be owned and/or managed by a satellite network operator.
This suggests that O&M or an external server should be the ultimate source of coverage data for UEs, RAN and CN. Use of an AF can also be considered since this can correspond to an external server. In this case, use of SCEF/NEF interface is recommended for security reasons.
7.x.4	Type of Satellite Coverage Data
Table 7.x.4-1 summarizes different types of satellite coverage related data as defined by different solutions including Release 17. The table also shows whether the data would be applicable to all UEs or just to one specific UE and whether calculation of coverage availability is performed by the source of the coverage data (in which case the coverage data contains indications of coverage versus no coverage) or by the recipient of the coverage data (in which case the coverage data contains information for satellites and possibly radio cells).
Table 7.x.4-1: Satellite Coverage Data defined by Different Solutions
	Solution
	Type(s) of Satellite Coverage Data
	Data Applicability
	Coverage Calculation 

	Release 17
	Ephemeris data for up to 4 satellites
	All UEs
	Recipient

	#15
	Coverage map data (in coverage versus out of coverage) for one or more satellite RATs at one or more locations defined on a rectangular or hexagonal grid array for a sequence of times
	All UEs
	Source

	#17
	Coverage data (in coverage versus out of coverage) for one or more satellite RATs along a future UE trajectory or “area of geographical evolution” for a sequence of times
	One UE
	Source

	#19
	Coverage data (in coverage versus out of coverage) along a future UE trajectory for a sequence of times 
	One UE
	Source

	#21
	Either Ephemeris data
Or in-coverage and out-of-coverage periods for a known or assumed UE mobility pattern/trajectory
	All UEs - ephemeris
One UE – coverage periods
	Recipient: with ephemeris
Source: with coverage periods

	#22
	Coverage map data for an area, trajectories and/or time period
	One UE or All UEs
	Source



The solution in Release 17, Solution #15, Solution #21 (in the case of ephemeris) and Solution #22 can provide coverage data that is applicable to all UEs, whereas Solutions #17, #19, #21 (in the case of in and out of coverage periods) and #22 (in the case that UE trajectory is included) provide coverage data that is applicable to one UE only due to being based on a known or expected mobility pattern or trajectory for a specific UE.
However, coverage data calculation is performed by the source of the coverage data for all solutions except Release 17 and Solution #21 where ephemeris data is used. While the source may need to calculate separate coverage data for each UE in Solutions #17, #19, #21, #22, the source could rely on intermediate data (e.g. similar to that for Solution #15) for these solutions, which might enable a once only type of calculation rather than a separate complete calculation for each UE. The once only calculation for all solutions except Release 17 could use known ephemeris data for all satellites plus details of radio cell coverage to calculate and store locations and times where coverage is and is not available, after which per UE coverage can be obtained for Solutions #17, #19 and #21 or location/time related coverage can be obtained for Solution #15 without any more complex calculation.
The recipient calculation required for Release 17 and Solution #21 where ephemeris coverage data is supported could lead to a much greater amount of processing (by UEs or the CN) than in other solutions. As an example, in Solution #15, coverage needs to be calculated once only for separate grid point locations at a sequence of future times (and this can also be used as an intermediate step for solutions #17, #19, #21, #22). For Release 17 and any Release 18 solution that uses ephemeris, coverage would need to be calculated for or by each UE at a sequence of <location, time> pairs representing a future mobility pattern or trajectory of the UE (or representing a single fixed location if the UE is not expected to move very far). The sequence of times should delimit short periods (e.g. 2 to 10 minutes) during which a satellite could become visible or cease to be visible. Assume, for comparison purposes, that the density of the grid points used in a coverage map solution (e.g. Solution #15) is DGP per sq km and that the average density of UEs where satellite coverage is needed is DUE per sq km. Then, over an area of size A sq kms, the number of grid points would be A*DGP and the number of UEs would be A*DUE. For each grid point with a coverage map type of solution or for each UE with an ephemeris type of solution, a calculation would need to be performed of future coverage at a sequence of future times. There would be no significant difference between each type of calculation because they would each need to determine coverage versus no coverage at a series of future times. This means that the total amount of calculation (e.g. the total amount of processing needed) would be proportional to the number of grid points (A*DGP) for a coverage map solution like Solution #15 or to the number of UEs (A*DUE) for an ephemeris based solution. If grid points are spaced apart by 100 kms, then DGP = 0.0001. (100 kms is used in this example because satellite coverage will tend to be the same over an area of 100 kms extent or less, so the coverage at a grid point can indicate the coverage in an area 100 kms in extent surrounding the grid point with high reliablity.) If there is one UE every 10 sq kms (which is a very low density), then DUE = 0.1. In that case, there would be around 1000 times as much overall coverage calculation using an ephemeris based solution as there would be using a coverage map solution like Solution #15. This is because with an ephemeris type of solution, almost the same coverage calculation would be repeated by all UEs that are close to (e.g. within 100 kms of) each other. While this extra coverage calculation could be distributed among the individual UEs, it would still represent about 1000 times as much power usage overall (in this example) which would not be good for very low power IoT type of UEs. While this is an example, it indicates that a coverage map based solution should be much more efficient regarding processing than a solution based on use of ephemeris. Combining this with the far more effective and accurate possibility of calculating coverage data using radio cells as well as other advantages for a coverage map type of solution described in clause 7.4.1, shows that coverage map type solutions should be much more effective.
Providing coverage map data as in Solutions #15 and #22 would be the simplest type of coverage map solution as it can apply to all UEs and is not UE specific. However, as an option, coverage data might also be provided per UE as in Solution #17. #19, #21 or #22 where a UE trajectory or mobility pattern is known or can be provided (e.g. by an NWDAF or by the UE).
7.x.5	Transfer of Satellite Coverage Data to a UE
Table 7.x.5-1 summarizes different methods of transferring satellite coverage related data to a UE and to an MME/AMF. These entities are chosen as they are typically the final consumer of the coverage data, or, in the case of an MME/AMF, might be an immediate source of the data to the UE.
Table 7.x.5-1: Methods of Transferring Coverage Data
	Solution
	Transfer to a UE
	Transfer to an MME/AMF

	#1
	
	NGAP/S1AP from RAN

	#2
	
	Undefined from external server

	#3
	SIB from a RAN node
	

	#4
	
	NGAP/S1AP from RAN

	#5
	
	NGAP/S1AP from RAN

	#6
	SIB from a RAN node
	

	#7
	SIB from a RAN node
	

	#8
	Undefined
	

	#9
	SIB from a RAN node
	Undefined

	#11
	Undefined
	Undefined

	#12
	Undefined
	

	#13
	Undefined
	

	#14
	Undefined
	

	#15
	(a) NAS from MME/AMF
(b) HTTPS/SMS from external server or
(c) HTTP from DCAF 
	O&M or HTTPS/SMS from external server
(applies to NAS transfer to a UE but can also be used when an MME/AMF is a consumer of coverage data)

	#16
	Undefined
	

	#17
	NAS from MME/AMF
	SBI from new NF

	#19
	
	SBI from AF (via NEF and UDM/HSS)

	#21
	NAS from NWDAF (via AMF)
	SBI from NWDAF

	#22
	NAS from external server (via NEF and AMF)
	SBI from AF (via NEF)

	#23
	Undefined
	


Table 7.x.5-1 shows that for transfer to a UE, 4 solutions define SIB transfer from a RAN node and 4 solutions define NAS transfer from an AMF or MME which will generally be an intermediate entity for another more remote source. 
Table 7.x.5-1 shows that for transfer to an MME/AMF, 3 solutions assume NGAP/S1AP transfer from the RAN, 2 solutions assume transfer from an external server and different single solutions assume one of SBI from a new NF, SBI from an AF, SBI from an NWDAF and O&M.
Since it has been shown that ephemeris data can be very inefficient when it comes to calculation of coverage periods and could be less accuracte and with other drawbacks as described in clause 7.4.1, the SIB solution for ephemeris data transfer could be ruled out. That leaves NAS transfer to a UE (included in 4 solutions) or user plane transfer from an external server or DCAF according to Solution #15. NAS transfer will impact an AMF and MME in terms of extra NAS signalling and support for obtaining (e.g. via O&M or from an external server) and transferring the coverage map data, but in case both AMF/MME and UE are requiring satellite coverage data, it will insure that same information is shared and synchronized on both sides. It will also be interesting if no SMS nor IP are available. User plane transfer can avoid MME/AMF impacts in the case of the DCAF solution or reduce the impacts in the case of user plane transfer from an external server, where the impact is to provide a URI for the external server plus information to be included by the UE in a request to the external server.

*** End of Changes ***
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Solution  UE able to determine  coverage  RAN able to  determine coverage  CN able to determine  coverage  

#1  Y  Y  Y  

#2  N  N  Y  

#3  Y  N  N  

#4  N  N  Y  

#5  N  N  Y  

#6  Y  N  Y ( optional )  

#7  Y  N  N  

#8  Y  N  N  

#9  Y  N  Y  

#11  Y  Y  Y  

#12  Y  Y  N  

#13  Y  N  N  

#14  Y  N  N  

#16  Y  N  N  

#21  Y  N  Y  

#23  Y  N  N  

 

