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Abstract of the contribution: On the basis of the available information, this pCR proposes a synthesis of the evaluations for KIs addressing FS_5G_SAT_ARCH and proposes as well recommendations for implementation of solutions.
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Proposal
	*** START OF CHANGE #1 ***


7
Overall Evaluation and Recommendation


7.1
Key Issue #1, Mobility Management with large satellite coverage areas

The evaluations of the candidate solutions for Key Issue #1 are:
· Candidate Solution #1:
This solution proposes an approach which does not modify the definition of TAs and RAs. No impacts are identified on the CNs procedures or functional elements. 

A position determination mechanism may be needed for mobility management should the beam size of the satellite be larger than the cell size. This mechanism would be used to determine the cell and associated TA, and would be transparent to the mobility management procedures. 
Should this solution be selected,  the UE position estimation and its use to trigger the mobility procedure updates should be specified by TSG RAN.
As this Solution is the only one for Key Issue #1, it is proposed that Solution #1 be retained.

7.2
Key Issue #2, Mobility Management with moving satellite coverage areas

The evaluations of the candidate solutions for Key Issue #2 are:

· Candidate Solution #1:

This solution proposes an approach which does not modify the definition of TAs and RAs. No impacts are identified on the CNs procedures or functional elements. 

A position determination mechanism may be needed for mobility management should the beam size of the satellite be larger than the cell size. This mechanism would be used to determine the cell and associated TA, and would be transparent to the mobility management procedures. 
Should this solution be selected,  the UE position estimation and its use to trigger the mobility procedure updates should be specified by TSG RAN.
· Candidate Solution #7:

This solution allows the UE to initiate Mobility Registration Update signalling only when moving out of the predicted sequence of Registration Areas.

UE mobility cannot be mitigated by this solution, and consequently, a fast-moving UE will need to initiate Mobility Registration Update when re-selecting to a cell of out-of-sequence RA.

UE location is needed in order to use the pre-timed sequence of RAs. However, the subsequent satellite can be determined with reasonable accuracy based on the current serving satellite-based cell even though its precise time of availability is not known. Consequently, the sequence of RAs can be determined even without knowing the precise UE location. In this case, the sequence of RAs can be applied without validity time.
· Candidate Solution #8:

This solution can efficiently handle the NG-AP messages introduced by the movement of the NGSO satellite based gNB to update N2 connection.

In the option which has no impact to existing node, a new AMF agent function needs to be introduced.

Potential security issues introduced by AMF agent need to be investigated in SA3.
· Candidate Solution #9:
- The benefits of the solution are:

- The proposed solution does not require introduction of new procedures and does not need adaptation of existing procedures for UE or 5G Core Network.
- A single provider of NGSO satellite constellation is in charge of the implementation of the solution. 
- The fact that this solution makes use of static TAs solves national regulatory issues (e.g. emergency calls, LI). 

Solutions #1 or #9 could be proposed for further implementation as they has no impacts.

7.3
Key Issue #3, Delay in satellite

The evaluations of the candidate solutions for Key Issue #3 are:
· Candidate Solution X:

There is no impact on NAS procedures, whatever the altitude of the satellites and the architecture of the satellite.

There is no impact on NAS timers for LEO because the maximum WCRTT (52ms) in LEO is negligible. 

There are some impacts on NAS timers of GEO, the delay analysis is based on GEO WCRTT (545ms), and timers T3510, T3517 and T3580 need to be increased.

There are some impacts on NAS timers of MEO, the WCRTT ranges between 150ms to 330ms. The three timers’ value for MEO can be determined by N*WCRTT, where N is the number of message exchange between UE and CN defined by the NAS procedures. If N*WCRTT exceeds the timer value by more than 10%, the timer will need to be increased.

Modification of the timers needs to be addressed during normalization phase in TSG CT, WG CT1.
It is proposed that this Solution be retained for the Normalisation phase as this is the only solution proposed.
7.4
Key Issue #4, QoS with satellite access

The evaluations of the candidate solutions for Key Issue #4 are:
- Candidate  Solution #2:

The benefits of the solution are:

-
The solution introduces a new RAT type code point - 'NR (Sat Access)' next to already existing RAT types ('E-UTRA', 'NR'). The solution enables distinction between NR connection types, namely terrestrial and satellite and may be extended beyond NR.

-
The solution allows the AMF to determine which RAT type is being used by re-using the procedure specified in TS 23.501 [6] clause 5.3.2.3.

-
The AMF can use the 'NR (Sat Access)' RAT Type in the existing mobility management procedures, e.g. to enforce subscription-based RAT Restriction.

-
The solution enables the AMF to signal the identified RAT type to the SMF. The SMF (together with PCF when deployed) determines which QoS profile will be enforced. By recognizing 'NR Sat Access' as the RAT type the system should not consider the 5QI values that require low latency.

-
RAT Type is already considered for charging, so any charging that is specific to satellite access can operate based on this solution without needing new parameters at CN interfaces.
·   RAT Type is already considered for LCS procedures, such as LMF selection (with the capability to support the desired positioning methods). The introduction of new RAT Type for satellite access can help to re-use the existing LCS architecture framework.
The drawbacks of the solution are:

-
'NR (Sat Access)' can make use of satellites deployed in different orbits (LEO, MEO, GEO). Accordingly, in 5G non-terrestrial networks (NTN) a much wider range of latencies is possible compared to 5G terrestrial networks. Using a single RAT type 'NR Sat Access' to denote NTN access irrespective of the satellite orbit might prevent the 5G system to use certain QoS profiles (5QIs) that do meet user requirements. For example, communication over a LEO satellite experiences a much smaller latency and a much higher latency variation compared to the case when a GEO satellite is used. However, even for LEO the 5G core would not consider the 5QI values that require low latency 
Candidate Solution #2 is also an enabler that provides the basis for several aspects related Key Issue #4. In addition to QoS, this solution can also be a part of other solutions in the area of: 

-
Policy Control

-
Mobility procedures, such as Mobility Restrictions

-
Charging specific to satellite access

-
Location services for satellite access

-
Regulatory requirement (to authorise satellite access) 

It is proposed that Solution #2 be retained for the normalisation phase.

7.5
Key Issue #5, QoS with satellite backhaul
The evaluations of the candidate solutions for Key Issue #5 is the following one:
For Key Issue #5 - "QoS with satellite backhaul"three solutions have been proposed:

-
Solution #3: "Backhaul triggered QoS adaptation";

-
Solution #5: "QoS control for satellite backhaul scenario";

-
Solution #Y: "Backhaul QoS handling based on AMF and UPF information".
Solution #Y is a combination of Solution #3 and Solution #5.

Solution #5 is based on the assumption that the AMF can be aware of the backhaul characteristic of the AN during the N2 setup procedure. During a subsequent PDU Session Establishment this characteristic is then signalled to the SMF and potentially to the PCF which can use this for providing appropriate QoS to the PDU Session. This solution is applicable for the deployment scenario where an AN node has a single type of connection to the 5GC.
Solution #3 is based on the assumption that one or more UPFs are involved in the setup of PDU session establishment and that a UPF is able to determine the type of QoS limitations (e.g. latency) that the connections to AN nodes and/or other UPFs are exhibiting. Solution #3 does not assume that an AN node has a single type of backhaul and hence it can be used in other situations, e.g. in case of hybrid backhaul and in case of the use of multiple UPFs for the same PDU Session. For the case applicable for Solution #5 , this solution provides the SMF for an method for providing the appropriate QoS to the PDU Session after a UPF with QoS limitation is selected during PDU Session Establishment, which requires the SMF to initiates an SM policy Association modification procedure.

All solutions require changes to SMF and PCF functionality and to the service-based interface between SMF and PCF. Solution #5 further assumes changes to AMF functionality and to the service based interface between AMF and SMF. Solution #3 further assumes changes to UPF functionality and to the N4 protocol. Solution #Y may require changes to the AMF functionality and to the interface between AMF and SFM if AMF based information is available. Solution #X may require changes to the UPF functionality and to the N4 protocol if UPF based information is available. Solution #X combines the two sources of information by applying them in different phases of the PDU Session Establishment procedure.
Summarizing the above results in the following table.

Table 7.1-1: Summary

	
	Solution #3
	Solution #5
	Solution #y
	Remarks

	Applicable before UPF selection
	No
	Yes
	Yes
	

	Applicable after UPF selection
	Yes
	No
	Yes
	

	Suitable for hybrid backhaul
	Yes
	No
	Yes
	Hybrid means a combination of terrestrial and satellite

	
	
	
	
	

	Suitable for multi-UPF deployments
	Yes
	Yes
	Yes
	

	Changes to AMF needed
	No
	Yes
	Maybe
	AMF needs to send backhaul info to the SMF, if AMF information is available

	Changes to SMF needed
	Yes
	Yes
	Yes
	SMF needs to be able to act upon AMF and UPF based information on backhaul QoS and if needed interact with PCF

	Changes to PCF needed
	Yes
	Yes
	Maybe
	PCF needs to be able to receive AMF and UPF based information on backhaul QoS and act on this, possibly in combination with AF interaction.

If PCF is used.

	Changes to UPF needed
	Yes
	No
	Maybe
	UPF needs to send information on QoS Limitation to the SMF, if UPF information is available

	Changes to N4 protocol/interface needed
	Yes
	No
	Maybe
	If UPF information is available.

	Changes to SBI between AMF and SMF needed
	No
	Yes
	Maybe
	SBI = Service Based Interface, i.e. it refers to the SBA clients and servers that make use of the SBA architecture, e.g. AMF as SBA client and SMF as SBA server
If AMF information is available.

	Changes to SBI between SMF and PCF needed
	Yes
	Yes
	Maybe
	SBI = Service Based Interface, i.e. it refers to the SBA clients and servers that make use of the SBA architecture, e.g. SMF as SBA client and PCF as SBA server.

If PCF is used.


It is proposed that  Solution #Y be retained for the normalisation phase.









	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




7.6
Key Issue #6, RAN mobility with NGSO regenerative-based satellite access

The evaluations of the candidate solutions for Key Issue #6 are:
· Candidate Solution #1:

This solution proposes an approach which does not modify the definition of TAs and RAs. No impacts are identified on the CNs procedures or functional elements. 

A position determination mechanism may be needed for mobility management should the beam size of the satellite be larger than the cell size. This mechanism would be used to determine the cell and associated TA, and would be transparent to the mobility management procedures. 
Should this solution be selected,  the UE position estimation and its use to trigger the mobility procedure updates should be specified by TSG RAN.

As this is the only solution for this Key Issue, it is proposed to retain this Solution #1.
7.7
Key Issue #7, Multi connectivity with satellite access

The evaluations of the candidate solutions for Key Issue #7 are:
· Candidate Solution #4:

This solution is based on use of MA PDU Sessions and ATSSS defined in TS 23.501. Since the MA PDU Session is only applicable to scenarios with one 3GPP access and one non-3GPP access, this solution is not applicable to cases where satellite-based NR and terrestrial NR are used simultaneously by the UE. 

Existing solutions for mobility between two 3GPP accesses may be applied to terrestrial and satellite-based NG-RAN, such as:

· Handover procedures in CM-CONNECTED

· Cell selection/reselection in CM-IDLE

· EPC IWK between NR/5GC and LTE/EPC

· Detach and re-attach

· A device with two UEs may simultaneously have separate Registrations and PDU Sessions in satellite and terrestrial networks, e.g. with different PLMNs.

It is evaluated that no normative work would be needed with this solution.
	*** END OF CHANGE #1***


Solution #4 is based on the modification of the procedures described in TS 23.501 [6]. When a UE is accessing 5GC via a satellite-based RAN and a terrestrial-based RAN, the UE may establish a MA PDU session as described in TS 23.501 [6]. However, at same time, the UE may only activate one UP connection for data transmission. Therefore, while the data transmission via terrestrial access is on-going, if the radio coverage of terrestrial access becomes poor or even being lost, the UE or network can activate the PDU session over satellite access, and then switch the data traffic.

The evaluation of the solution indicates this solution assumes that a new RAT would be introduced for satellite access.

Therefore, as this solutions is the only one proposed for this Key Issue, and as a satellite RAT would need to be identified as such, it is proposed that this Solution be also implemented with Solution #2 ("Addition of new RAT type satellite").

	*** START OF CHANGE #2***


As this is the only solution for this Key Issue, it is proposed to retain this Solution #4.

7.8
Key Issue #8, The role of satellite link in content distribution towards the edge

The evaluations of the candidate solutions for Key Issue #8 are:
· Candidate Solution 6:
The solution is based on Uplink Classifier as well as the solution based on multi-homing and does not require neither any functional, architectural or procedural changes on the existing 5G  systems, In particular for the UE and the core network, as the described processes are already specified in TS23.501 and TS 23.502. 





7.9
Key Issue #9, Multi connectivity with hybrid satellite/terrestrial backhaul

The evaluations of the candidate solutions for Key Issue #9 are:

· Candidate Solution #9: 
The benefits of the solution are:

- The proposed solution does not require introduction of new procedures and does not need adaptation of existing procedures for UE or 5G Core Network.

- A single provider of NGSO satellite constellation is in charge of the implementation of the solution. 

- The fact that this solution makes use of static TAs solves national regulatory issues (e.g. emergency calls, LI). 
	*** END OF CHANGE #2***
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