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1.
Introduction/Discussion

This pCR provides evaluation of satellite coverage information provision for each of candidate solutions.
2.
Text Proposal

It is proposed to capture the following text within TR23.700-28
*** Start of the changes ***
7.4
Coverage Information Provisioning

7.4.0
Overview
Satellite coverage information as a key part information to resolve the KIs. The coverage information can be provided by NG-RAN, NWDAF, AF, external server or other possible entities and can be provided to UE, network or both based on the candidate solutions.
Following table outlines a map of coverage information provision for each candidate solutions.
Table 7.4.0-1 Coverage information provision
	Solution
	Coverage information from
	Converage information to

	
	RAN
	NWDAF
	External server
	Other entity
	UE
	Core network

	Solution #1
	X
	
	
	
	X
	X

	Solution #2
	
	
	X
	
	
	X

	Solution #3
	X
	
	
	X

(NOTE1)
	X
	

	Solution #4
	X
	
	
	
	
	X

	Solution #5
	X
	
	
	
	
	X

	Solution #6
	X
	X
	
	
	X
	X

	Solution #7
	X
	
	
	
	X
	

	Solution #8
	X
	
	
	
	X
	

	Solution #9
	Not involved
	X
	X

	Solution #10
	Not involved
	Not involved

	Solution #11
	X
	X
	
	
	X
	X

	Solution #12
	X
	
	
	
	X
	

	Solution #13
	X
	
	
	
	X
	

	Solution #14
	Not involved
	Not involved

	Solution #15
	
	X
	X
	X

(NOTE1)
	X
	X

	Solution #16
	Not involved
	X
	

	Solution #17
	
	
	X
(NOTE2)
	
	X
	X

	Solution #18
	Not involved
	Not involved

	Solution #19
	
	
	
	X
(NOTE3)
	
	X

	Solution #20
	Not involved
	
	X

	Solution #21
	
	X
	
	
	X
	X

	Solution #22
	
	
	X
(NOTE2)
	
	X
	X

	Solution #23
	Not involved
	Not involved

	NOTE1: coverage information is pre-configured in AMF/MME

NOTE2: coverage information may be retrieved from external server via a new 5G NF(CMNF)

NOTE3: coverage information can be retrieved from AF


7.4.1 Entity Providing Coverage Information
1) RAN providing
Solution #1, #3-#8 and #11- #13 propose methods to address the acquisition of coverage information from RAN, which can be grouped as the following: 
· Solution #1 suggests that the satellite assistance information is provided by RAN to both UE and AMF/MME. The coverage information can be derived by AMF/MME based on the satellite assistance information.
· Solution #3, #6, #7,#8, #11, #12, #13 assume the UE can obtain coverage information from RAN through the method defined in Rel-17 which relies on broadcast of satellite ephemeris data in a SIB message.
· Solution #4 and #5 suggest to enable the provision of satellite coverage information to the AMF/MME by RAN via existing UE Locaiton Reporting procedure.
RAN providing coverage information has the following advantages or disadvantages/limitations:

Advantages:

· UE can obtain satellite coverage information by re-using Rel-17 mechanism.
Disadvantages/limitations:

· All these solutions have RAN dependency. Whether and how the coverage information is provided to the AMF/MME has to be defined in cooperation with the RAN working groups.
· Coverage information provided to the UE through SIB is limited. The ephemeris data is up to 4 satellites.
· The ephemeris data may be huge which is a challenge for singnalling transmission. 
2) External server providing
Solution #2, #15, #17 and #22 assume external server (e.g. coverage map server) is aware of the motion of the satellites of the constellation and of all necessary characteristics (antenna, beams, status …) and suggest it can provide satellite coverage information to the UE and/or the network. The solutions can be grouped as the following:
· Solution #2, #17 and #22 suggest the UE requests coverage information from the core network via NAS signalling messages. The CN (AMF/MME ), through interfacing with external specialized server, can determine if a given UE position will be under coverage at a given time and provide the coverage information the UE if necessary. If the coverage map server is included in the SBA/SBI architecture, NEF/SCEF or a new NF (CMNF) will be involved into the interaction between CN and the server.
· Solution #15 proposes the UE can obtain coverage information from the external server through HTTPs or SMS communication. This interaction is out of scope of 3GPP with except that authorization should be enforced between UE and CN before coverage information provision.
External Server providing coverage information has the following advantages or disadvantages/limitations:

Advantages:

· Satellite coverage information can include more information like antenna characteristics, the link budget, the steering of beams, the footprint, etc, which is more comphensive compared with acquiring from RAN.
· External server can provide coverage information which belongs to multiple satellite RATs or from different satellite operators
· External server can provide coverage map to UE/network, which doesn’t require UE/network to perform complex calculation to determine expected coverage. It’s easy to enable UE/network to lookup UE expected location or time in the coverage data map to see whether there is coverage.
Disadvantages/limitations:
· Utilizing HTTPs to convery coverage information is out of 3GPP scope.
· Utilizing NAS extending to convery huge coverage information may increase the burden of signaling process.
The satellite information (e.g. ephemeris data, Satellite footprint) can be provided to the AMF/MME. The AMF/MME determines the coverage information for a give UE based on the satellite information, UE location, UE mobility pattern, etc. in this kind of solution, the NEF/SCEF may be enhanced to convery the satellite information. AMF/MME should be enhanced to compute UE specific coverage information and provide it through NAS message extending.
3) NWDAF providing
Solution #6, #11, #15 and #21 propose that the AMF can obtain coverage information from NWDAF. Solution #21 propose the NWDAF collects coverage information from NG-RAN, OAM and AF. 
Advantages:

· Enables reuse of NWDAF architecture and functionality for coverage inforamtion collection and analysis.
Disadvantages/limitations:

· This kind of solution only applies to 5GC.
· Coverage information from NWDAF analysized result may not always accurate.
4) Other entities or methods
Solution #3 and #15 propose to pre-configure the coverage information in the AMF/MME. 
Advantages:
· Aovid signaling transmission to convery coverage information.
Disadvantages/limitations:

· Pre-configure is not flexible for updating and utilizing the information.
· Multiple AMFs should be configured the massive coverage information which will increase the difficulty of maintance.
Solution #19 proposes the AMF/MME obtain coverage time information from an AF. It’s similar with external server provision.
7.4.2 Entity Utilizing coverage information

1) UE utilizing
The solution in Release 17 and Solutions #1, #3, #6, #7, #8, #9, #11, #12, #13 and #16 assume that a UE has access to coverage information allowing the UE to know fairly precisely (e.g. maybe with 1 minute or better accuracy) when coverage at a current or future location will start and end.

The solution in Release 17 relies on broadcast of satellite ephemeris data in a SIB defined in TS 36.331 [16]. The solution is limited to support of ephemeris data for up to 4 satellites. The solution in Release 17 contains the following limitations.

-
A UE would be expected to calculate whether and when each satellite will be visible from a UE location and assume that the satellite might be accessed if the satellite is visible (e.g. with an elevation above 10 degrees). This could be a significant processing burden to an IoT UE, at the opposite of KI#2 objective to save power

-
There is no information in the SIB on whether a satellite supports only certain PLMNs, only certain countries, is operating only at certain times (e.g. not late at night to reduce operating cost) or whether radio cell coverage is for an entire area of satellite visibility or only for some portion of that area.

-
There is no charging capability - this is a free service to all UEs.

-
There is no security - a fake base station could broadcast the SIB to spoof coverage or out of coverage at incorrect times.

-
The SIB seems to be restricted to one satellite RAT only and may not support coverage from all satellite RATs.

-
The limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours).

Solutions #15, #17, #21, #22 are the solutions that address the provision of coverage information to a UE as an alternative to the solution in Release 17. The solutions overcome all of the limitations of the solution in Release 17 as shown in clause 6.15.4. The solutionsare not a RAN based solution but instead rely on support from the CN and optionally from an external server (e.g. supported by a satellite operator). The solutions could also be used to provide coverage information to the CN (e.g. from a satellite network operator) although would be out of scope in terms of any new procedures.

2) Core network(AMF/MME) utilizing
Solutions #1, #2, #4, #5, #6, #9, #11, #15, #17 and #19-#22 assume that the CN (e.g. an MME or AMF) has access to coverage information allowing the CN to know when UEs will be in or out of coverage. There are several mechanisms supporting the provision/acquisition of coverage information. From RAN, from pre-configuration, from NWDAF, from 5G dedicated coverage provision network function, from AF and from 3rd party server.
Solution #1, Solution #4 and Solution #5 propose methods to address the acquisition of coverage information from RAN. Solution #1 suggests that the coverage information may be derived by the AMF based on the satellite assistance information from RAN, e.g. satellite id, satellite ephemeris. Solution #4 and Solution #5 both suggest to enable the provision of satellite coverage information to the AMF by RAN via existing UE Location Reporting procedures. However, all these solutions have RAN dependency.
Solution #6, #11, #15 and #21 propose that the AMF can obtain coverage information from NWDAF.
Solution #2, #15, #17 #19 and #22 assume AMF/MME obtain coverage information from external server or AF.
Solution #3 and #15 propose to pre-configure the coverage information in the AMF/MME.






*** End of the changes ***
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