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Abstract: This paper proposes a solution for Key Issue #3.
1
Discussion
Key issue #3 “Delay in satellite” considers the impacts of delays in the satellite access on the 5G system in the Non Access Stratum (e.g, Session Management and Mobility Management procedures), and focuses on two main questions:
-
What are the architectural assumptions on the 5G System to minimize the impacts on the NAS?

-
What are the requirements on the satellite access to minimize the impacts on the NAS, as well on the 5G System?

In this document, we propose enhancements to NAS to ensure the issues caused by satellite delays are mitigated.
1.1
What delays should be considered

There are three sources of potential delays:

1. Ground to satellite
2. Inter-satellite link
3. Satellite to ground
4. Satellite being used as a backhaul (which would include two or all three of the above)
Observation 1: the worst case scenario of (1) + (2) + (3) should be considered when analysing the impact of delays on timers.

When signalling is exchanged between the UE and the 5G CN, each satellite leg on which a message is sent introduces a delay.
The specific delays for satellite to ground and vice versa depend on the type of satellite (LEO, MEO or GEO).

Observation 2: the worst-case scenario of GEO satellite, for which delays are higher, should be considered in this analysis. The associated RTT is designed as the Worst Case RTT (WCRTT) in the following.
This paper explicitly excludes the scenario (4) where satellite is used as backhaul, since UE, AMF and SMF may not be aware of such transport and we cannot expect awareness of satellite backhaul should be required for any of these entities. 
1.2
Discussion on CIoT NAS Retransmission Timers
The introduction of the CIoT feature in the EPS had to deal with impact on NAS timer of CIoT features implemented in RAN. This work has similarities with the introduction of satellite as a RAT in 3GPP, and it is worth observing what was done for CIoT. 
Comparing CIoT with respect to the use of satellites, the following applies:
	CIoT Decisions
	Comments on Satellite

	RAN2 agreed not to adjust AS timers based on the coverage level in NB-IoT (i.e., NAS timers should be long enough by taking into account the worst possible transmission delay of the NAS PDU in NB-IoT).
	In case of satellite, the delay caused by radio link and the connectivity from the satellite RAN to the CN is considerably higher than in case of CIoT, and modifications required.

	RAN3 agreed that, in case the UE is accessing from an NB-IoT Cell, the MME will take into account the worst transmission delay and set the NAS timer long enough. 
	A similar concern applies to the case of satellite RAN, with the addition that the delay of the RAN to CN link needs also to be considered.

	SA2, aligned with CT1 decisions, clarified that the transmission delay of the NAS PDU should be considered when the MME determines the NAS PDU retransmission strategy. 
	This needs to apply also to the 5GS for satellite access.

	SA2 added that “if the UE is accessing via an NB-IoT cell, or if it is accessing via an WB-E-UTRAN cell and is capable of CE mode B, to determine the NAS PDU retransmission strategy the MME should take into account the transmission delay of the NAS PDU and, if applicable, the CE mode, i.e., set the NAS timers long enough according to the worst transmission delay”.
	The solution adopted uses the CE mode of the UE, provided to the MME, to decide the timer extensions. Similar awareness in the AMF would be useful to determine timers’ extensions.


Observation 3: The concept of CE mode does not apply to the case of satellite. However, a similar concept may be adopted: based on AMF awareness of RAT Type being “satellite”, the AMF adjusts the NAS timers to consider the delays introduced by the satellite link. 
A similar mechanism is used by SMF based on RAT Type.
1.3 Analysis of Relevant Timers

Although the final analysis of the timers impacted by the use of satellite should be done by CT1, it is expected that only timers impacted by RTT propagation delay are relevant to the discussion: 

-
T3510: the 5GMM Registration Procedure involves 5 round trip communications over a satellite link (one message for UE initiates Registration Request to CN, two messages for the optional identity request from the AMF to the UE, two messages for the optional authentication request to UE, two messages for the optional security mode request to UE, two messages for the second optional identity request to UE, and one message for the Registration Accept to the UE. Considering each message to be half of a round trip, this sums up to 5 round trips, which implies the need to ensure that timer T3510 supports a delay of 5 times the value of the WCRTT delay.
-
T3517: the 5GMM Service Request Procedure involves 3 round trip communications over a satellite link (one message for Service Request from the UE, two messages for the optional authentication request sent by the AMF, two messages for the optional security request to the UE, and one message for the Service Accept message). Considering each message to be half of a round trip, this sums up to 3 round trips, which implies the need to ensure that timer T3517 supports a delay of 3 times the value of the WCRTT delay.
-
T3580: the 5GSM UE initiated PDU session Establishment involves 4 round trip communications over a satellite link (one message for UE initiates PDU Session Establishment Request, six messages for the PDU session authentication request to UE by the SMF – for which the number of messages depend on authentication mechanism, a rough estimate of worst case scenario is 6 messages, and one message for the PDU session Establishment accept from AMF to the UE. Considering each message to be half of a round trip, this sums up to 4 round trips, which implies the need to ensure that timer T3580 supports a delay of 4 times the value of the WCRTT delay. 
-
T3581: the 5GSM UE initiated PDU session Modification involves 1 round trip communications over a satellite link (one message for UE initiates PDU Session Modification Request, and one message for the PDU Session Modification Accept from SMF to the UE. Considering each message to be half of a round trip, this sums up to 1 round trips, which implies the need to ensure that timer T3581 supports a delay of 1 times the value of the WCRTT delay.
-
T3582: the 5GSM UE Requested PDU Session Release involves 1 round trip communications over a satellite link (one message for UE initiates PDU Session Release Request, and one message for the PDU Session Release Command from SMF to the UE. Considering each message to be half of a round trip, this sums up to 1 round trips, which implies the need to ensure that timer T3582 supports a delay of 1 times the value of the WCRTT delay.

Observation 4: It is expected that longer times (e.g. more than 1 minute, like in the case of all other 5GMM timers) do not need to be modified due to the scale of the RTT delay with respect to the timer duration. 

Observation 5: It is expected that timer values that are defined by the network will be determined appropriately by the AMF based on satellite awareness. 

An overview of the analysis is in the following table:

	
	Timer #
	RTTs propagation delay
	(Minimum) Suggested Timer value increase

	5GMM UE Side Timers
	T3510
	5 RTT
	5 WCRTT

	
	T3517
	3 RTT
	3 WCRTT

	5GMM AMF Side Timers
	No need for changes, AMF determines appropriate values

	5GSM UE Side Timers
	T3580
	4 RTT
	4 WCRTT

	
	T3581
	1 RTT
	1 WCRTT

	
	T3582
	1 RTT
	1 WCRTT

	5GSM SMF Side Timer
	No need for changes, SMF determines appropriate values


1.4 Handling of Timers
The 5GS needs to support a variety of UEs, including UEs that connect only via NTN RAN and UEs that can connect both via NTN RAT and terrestrial RAN.
Considering the analysis of timers above, it would be inefficient to require that timers are modified for all UEs in all situations. 

For UEs that only connect via NTN RAN, it could easily be concluded that the timers for such UEs shall be increased as defined above.

However, some UEs may be connecting via terrestrial RAN or via NTN RAN depending on the location and RAT availability. Increasing the timers for such UEs in all scenarios may be inefficient.

Observation 6: a mechanism is required to ensure the most efficient use of NAS timers.
What this paper proposes is that:

-
a UE that is capable of both terrestrial RAT and NTN RAT connects to the network using extended timers (i.e. timers extended to deal with satellite delays). 

-
During the Registration procedure, the AMF determines the type of timers required for the UE (based on RAT type, UE capabilities, and the type of RANs the UE may be using in a specific registration area). If the UE is capable of using both NTN RAT and terrestrial RAT, and the UE is registering or performing a Service Request in a terrestrial RAT, then the UE and the AMF apply regular timers. If the UE is registering or performing a Service Request in an NTN RAT, then the UE and the AMF apply extended timers
SMF timers also need to be extended when the UE is using NTN RAT. Based on the SMF obtaining the RAT Type through existing 5G mechanisms (i.e. SMF subscribes to RAT Type indications from AMF), the SMF applies regular timers if the UE is using a terrestrial RAT, and extended timers if the UE is using an NTN RAT. 

It is also proposed that SMSF, in order to handle SMS, subscribes to the AMF reporting of RAT Type, and the SMSF applies extended timers – to be defined by stage 3 – for NTN RATs.
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6.X
Solution #X: Addressing Delay in Satellite
6.X.1
Description
The solution addresses Key issue #3 “Delay in satellite”, which considers the impacts of delays in the satellite access on the 5G system in the Non Access Stratum (e.g, Session Management and Mobility Management procedures), and focuses on two main questions:

-
What are the architectural assumptions on the 5G System to minimize the impacts on the NAS?

-
What are the requirements on the satellite access to minimize the impacts on the NAS, as well on the 5G System?

6.X.1.1 Sources of delay
There are three sources of potential delays:

1. Ground to satellite

2. Inter-satellite link 
3. Satellite to ground

4. Satellite being used as a backhaul (which would include two or all three of the above)
The worst-case scenario of (1) + (2) + (3) should be considered when analysing the impact of delays on timers.

When signalling is exchanged between the UE and the 5G CN, each satellite leg on which a message is sent introduces a delay. The specific delays for satellite to ground and vice versa depend on the type of satellite (LEO, MEO or GEO). The worst-case scenario of GEO satellite, for which delays are higher, should be considered in this analysis. The associated RTT is defined as the Worst Case RTT (WCRTT) in the following.
The scenario of satellite being used as backhaul is explicitly excluded from this analysis and considered out of scope.
6.X.1.2 Delay Adaptation in the Core Network

The introduction of the CIoT feature in the EPS had to deal with impact on NAS timer of CIoT features implemented in RAN. This work has similarities with the introduction of satellite as a RAT in 3GPP, and it is worth observing what was done for CIoT. Specifically, for CIoT RAN2 agreed not to adjust AS timers based on the coverage level in NB-IoT (i.e., NAS timers should be long enough by taking into account the worst possible transmission delay of the NAS PDU in NB-IoT). RAN3 agreed that, in case the UE is accessing from an NB-IoT Cell, the MME will take into account the worst transmission delay and set the NAS timer long enough. SA2, aligned with CT1 decisions, clarified that the transmission delay of the NAS PDU should be considered when the MME determines the NAS PDU retransmission strategy. SA2 added that, to determine the NAS PDU retransmission strategy, the MME should take into account the transmission delay of the NAS PDU and, if applicable, the CE mode, i.e., set the NAS timers long enough according to the worst transmission delay. The concept of CE mode does not apply to the case of satellite. However, a similar concept can be adopted: based on AMF awareness of RAT Type being “satellite”, the AMF adjusts the NAS timers to consider the delays introduced by the satellite link based on implementation dependent mechanisms. A similar mechanism is used by SMF based on RAT Type.

6.X.1.3 Impact on Timers

Although the final analysis of the timers impacted by the use of satellite should be done by CT1, it is expected that only timers impacted by RTT propagation delay are relevant to the discussion: 

-
T3510: the 5GMM Registration Procedure involves 5 round trip communications over a satellite link (one message for UE initiates Registration Request to CN, two messages for the optional identity request from the AMF to the UE, two messages for the optional authentication request to UE, two messages for the optional security mode request to UE, two messages for the second optional identity request to UE, and one message for the Registration Accept to the UE. Considering each message to be half of a round trip, this sums up to 5 round trips,. which implies the need to ensure that timer T3510 supports a delay of 5 times the value of the WCRTT delay.
-
T3517: the 5GMM Service Request Procedure involves 3 round trip communications over a satellite link (one message for Service Request from the UE, two messages for the optional authentication request sent by the AMF, two messages for the optional security request to the UE, and one message for the Service Accept message). Considering each message to be half of a round trip, this sums up to 3 round trips, which implies the need to ensure that timer T3517 supports a delay of 3 times the value of the WCRTT delay.
-
T3580: the 5GSM UE initiates PDU session Establishment involves 4 round trip communications over a satellite link (one message for UE initiates PDU session Establishment, six messages for the PDU session authentication request to UE by the SMF – for which the number of messages depend on authentication mechanism, a rough estimate of worst case scenario is 6 messages, and one message for the PDU session Establishment accept from AMF to the UE. Considering each message to be half of a round trip, this sums up to 4 round trips, which implies the need to ensure that timer T3580 supports a delay of 4 times the value of the WCRTT delay.
-
T3581: the 5GSM UE initiated PDU session Modification involves 1 round trip communications over a satellite link (one message for UE initiates PDU Session Modification Request, and one message for the PDU Session Modification Accept from SMF to the UE. Considering each message to be half of a round trip, this sums up to 1 round trips, which implies the need to ensure that timer T3581 supports a delay of 1 time the value of the WCRTT delay.
-
T3582: the 5GSM UE Requested PDU Session Release involves 1 round trip communications over a satellite link (one message for UE initiates PDU Session Release Request, and one message for the PDU Session Release Command from SMF to the UE. Considering each message to be half of a round trip, this sums up to 1 round trips, which implies the need to ensure that timer T3582 supports a delay of 1 time the value of the WCRTT delay
It is expected that longer times (e.g. more than 1 minute, like in the case of all other 5GMM timers) do not need to be modified due to the scale of the RTT delay with respect to the timer duration. 

It is expected that timer values that are defined by the network will be determined appropriately by the AMF based on satellite awareness. 

An overview of the analysis is in the following table:

	
	Timer #
	RTTs propagation delay
	(Minimum) Suggested Timer value increase

	5GMM UE Side Timers
	T3510
	5 RTT
	5 WCRTT

	
	T3517
	3 RTT
	3 WCRTT

	5GMM AMF Side Timers
	No need for changes, AMF determines appropriate values

	5GSM UE Side Timers
	T3580
	4 RTT
	4 WCRTT

	
	T3581
	1 RTT
	1 WCRTT

	
	T3582
	1 RTT
	1 WCRTT

	5GSM SMF Side Timer
	No need for changes, SMF determines appropriate values


6.x.1.4 Timers Management

It is proposed that UE capable only of connectivity via NTN RAN uses extended timers defined to handle satellite delays.
For UEs that can use both NTN RAT and terrestrial RAT, it is proposed that the UE uses regular timers or extended timers based on the RAT Type in use. It is assumed that the AMF assigns a Registration Area to the UE using either only terrestrial RATs, or only NTN RATs, thus the regular or extended timers apply to the whole Registration Area.
In order to ensure the correct and most efficient use of timers for UEs that are capable of using both terrestrial RAN and NTN RAN, the following is proposed: 
-
a UE that is capable of both terrestrial RAT and NTN RAT connects to the network using extended timers (i.e. timers extended to deal with satellite delays). 

-
During the Registration procedure, the AMF determines the type of timers required for the UE (based on RAT type, UE capabilities, and the type of RANs the UE may be using in a specific registration area). If the UE is capable of using both NTN RAT and terrestrial RAT, and the UE is registering or performing a Service Request in a terrestrial RAT, then the UE and the AMF apply regular timers. If the UE is registering or performing a Service Request in an NTN RAT, then the UE and the AMF apply extended timers. 
SMF timers also need to be extended when the UE is using NTN RAT. Based on the SMF obtaining the RAT Type through existing 5G mechanisms (i.e. SMF subscribes to RAT Type indications from AMF), the SMF applies regular timers if the UE is using a terrestrial RAT, and extended timers if the UE is using an NTN RAT. 

It is also proposed that SMSF, in order to handle SMS, subscribes to the AMF reporting of RAT Type, and the SMSF applies extended timers – to be defined by stage 3 – for NTN RATs.
6.X.1.5 Overall Proposal

The solution proposes three aspects:

-
CN functions (AMF and SMF) consider the RAT Type to determine the value of the timers assigned by the network based on an implementation dependent mechanism

-
the following UE timers are impacted and extended, all other UE, AMF and SMF timers remain unmodified:

-
T3510 must support 5 times the value of the worst-case RTT delay;

-
T3517 must support 3 times the value of the worst-case RTT delay.

-
T3580 must support 4 times the value of the worst-case RTT delay. 
-
T3581 must support 1 times the value of the worst-case RTT delay.
-
T3582 must support 1 times the value of the worst-case RTT delay.
-
UE and CN functions apply regular or extended timers as described in clause 6.X.1.4.
6.X.2
Procedures

The Registration procedure is modified to enable the AMF to indicate to the UE the range of timers that the UE shall use in the current Registration Area, as described in clause 6.x.1.4.
6.X.3
Impacts on existing nodes and functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.
The following impacts are considered:

-
AMF: the AMF takes into consideration the RAT Type to determine the value of the 5GMM timers assigned by the AMF, based on an implementation dependent mechanism;
-
SMF: the SMF takes into consideration the RAT Type to determine the value of the 5GSM timers assigned by the SMF, based on an implementation dependent mechanism

-
UE: UE timers are impacted as described in clause 6.x.1.5. 
6.X.4
Solution Evaluation
The solution enables the UE and the CN entities to adapt the timers to the worst-case scenarios for delays introduced by satellite. The solution does not require modifications to procedures. 
Next change
7
Overall Evaluation
7.X
Key Issue #3, Delay in satellite

Editor’s note: This clause will provide evaluation of solutions for Key Issue #3

Solution 6.X addresses completely key issue #3 and provides a solution to address the delays introduced by satellite links.
NOTE: It is expected that the final determination of the values of extended timers is left to stage 3 work.
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