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Abstract of the contribution: This contribution evaluates the impact of LEO, MEO and GEO satellite delay to NAS procedures and timers in NTN. 
1. Discussion

This paper tries to address the open Key Issue #3 in TR 23.737. The Key issue #3 is copied as follows:
In satellite access, the one-way propagation delay between a UE and a satellite communication payload may range between 2 ms and 140 ms depending on the satellite altitude and the relative position of the UE with respect to the UE. Some delay values are given in Annex A, figure A.3-3. Furthermore, it is possible that in a constellation of non-geostationary satellites including Inter Satellite Links (ISLs), the delay between a UE and functional elements of the Core Network is increased depending on the actual location of the communication end-points, but also a function and mode of operation of the configuration of the NGSO Access Network.

-
Considering a scenario where a 5G System integrates a satellite access What are 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) noting that:

-
The propagation delay from between the UE and the access node can vary significantly (i.e. between 2 ms and 140 ms);

-
The propagation delay between a satellite access node and a core network can also vary significantly (from 2 msec to 140 of msecs).

-
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?

2. Proposed changes

	*** Start of change 1***
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6.X 
Solution #X: NAS Timers management for Satellite Access 
6.X.1
Description

This solution is applicable to Key Issue #3.

Non-access stratum (NAS) is a functional layer in the 3GPP wireless telecom protocol stacks between the core network (CN) and user equipment (UE). This layer is used to manage the establishment of communication sessions and for maintaining continuous communications with the UE as it moves. The NAS procedures are defined in ref [3] 3GPP TS 23.502 V16.1.1. 5G NAS procedures include 5G Mobility Management (5GMM) and 5G Session Management (5GSM) procedures. The NAS procedures are based on acknowledgement and timeout. Some of the procedures require single message exchange between UE and Core Network (CN), some of the procedures require multiple message exchanges between UE and CN. Every message exchange between UE and CN will introduce one round trip propagation delay.

Terrestrial communication system’s delay includes scheduling delay, transmission delay, processing delay and network routing delay. Propagation delay in terrestrial communication systems is very small and doesn’t play significant role in delay budget calculation. However, propagation delay in satellite communication systems can’t be overlooked. The Round Trip propagation delay of NAS procedure includes the one way propagation delay from on ground user equipment (UE) via satellite to on ground Core Network (CN) and vice versa. The architecture of satellite is regenerative or transparent doesn’t make any difference in terms of propagation delay since the CN is always on ground. Different architecture of satellite can be found in appendix B.2

In TR 38.811 ref [8], only circular satellite orbit is studied for New Radio to support Non-terrestrial network (NTN). This paper will also focus on circular orbits only when analysing the propagation delay in NAS procedure. The circular satellite orbits under evaluation are Low Earth Orbit (LEO), Medium Earth Orbit (MEO) and Geostationary Earth Orbit (GEO). 

The one way propagation delay of NAS procedure includes

· ground to satellite delay; 

· intersatellite link (ISL) delay if used in LEO or MEO satellites, which are also known as Non-Geostationary Orbit (NGSO) satellites; 

· and satellite to ground delay

The ground to satellite and satellite to ground delay is dependent on the distance between the satellite and on-ground user equipment or on-ground CN. TR 23.737 A3 illustrates the geometrical coverage of satellite and propagation delay. ISL delay for NGSO is dependent on the orbital radius, number of satellites in orbit, and the inter-orbital plane distance (orbital distance). LEO system tends to have high variation in ISL delay. 

· For GEO satellite communication system. the worst case Round Trip Time (WCRTT) is about 545 ms from Table 5.3.2.1-1 in TR 38.811 ref [8] 

· For LEO and MEO satellite, the WCRTT is smaller than GSO and is dependent on the orbital altitude of the satellite, but the delay variation is bigger than GSO satellite communication system. The delays for three cases of NGSO satellites are summarized in Table 5.3.4.1-1 in TR 38.811 ref [8]. 

· LEO’s altitude ranges from 600km to 1500km. For LEO at 1,500km, the WCRTT between UE and CN, aka. twice of Gateway-satellite-UE one way delay, is 51.661ms, 

· MEO’s altitude is from 7,000km to 20,000km. For MEO at 7,000km, the WCRTT calculated is about 150ms. For MEO at 20,000km, the WCRTT calculated is about 330ms.

Worst Case Round Trip Delay calculation is based on the propagation delay computation defined in TR 38.811 ref [8], “the min elevation angle is set at 5° for the Gateway, and is set at 10°for the terminal can be set at various elevation angles, but we consider that the worst case is 10° elevation angle”. 

Note: The extra delay introduced by LEO satellite systems has negligible impact on the acknowledgement and timeout based NAS procedures.  For GEO and MEO satellite systems, we use the product of WCRTT and maximum number of round trips involved in the NAS procedures to determine the impact. 
The timers of 5GMM and 5GSM NAS procedures are defined in ref [9] 3GPP TS 24.501 V16.1.0. All timers’ value is more than 6 seconds. The timers of NAS procedures can be divided into three categories in terms of value: 

1. Timer’s value is equal or greater than 1 minute

2. Timer’s value is network defined (usually much greater than 1 minute)

3. Timer’s value is less than 1 minute

For timers in category 1, extra propagation delay of satellite communication system comparing with terrestrial communication system is a very small portion of the allowable delay defined by the timer’s value. 

For timers in category 2, the timer’s value is kept open to be defined by network.

For timers in category 3, zero or one or more exchange of message between UE and the core network (CN) might be introduced with respect to different procedures. Each exchange of message will introduce one RTT delay. If there is no RTT involved in the NAS timer related procedure, the NAS timer doesn’t need to be changed at all. If single RTT or multiple RTT is involved in the NAS timer related procedure, the NAS timers may need to be increased according to the worst case RTT and the number of round trips needed for different procedures. 

Therefore, this paper focuses on the details of the procedures in Timer category #3 to evaluate the propagation delay’s impact on NAS procedures. The minimum value of the timers in category #3 is 6 seconds. 

Applying worst case RTT for NTN won’t affect the NAS procedure except possibly for the timers’ value. The RAN impact of changing timing advance and doppler shift due to moving satellite have been studied in RAN and addressed in clause 6 and clause 7 of Ref [1] TR 38.821. 

6.X.2
Procedures
There will be no changes to the NAS procedures for LEO, MEO and GEO satellite communication systems. The additional propagation delay may affect the timers in the NAS procedures. The NAS procedures with timers in category #3 are studied in the next clauses.
6.X.2.1
5GMM Registration procedure

The UE initiates the registration procedure for initial registration by sending a REGISTRATION REQUEST message to the AMF, UE starting timer T3510. AMF start T3550 if TempID is allocated Figure 6.x.2.1-1 shows the timers related to the procedure and Figure 2.1.2 shows the detailed signalling of the procedure. 
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Figure 6.x.2.1-1 : Registration procedure for initial registration from ref [9]
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Figure 6.x.2.1-2: Registration procedure from ref [3]
According to Figure 6.x.2.1-2, 

1. Step 1 and 3, UE will initiate Registration Request through the conduit of RAN to AMF (0.5RTT)

2. Step 6 and 7, AMF will send optional identity request to UE and wait for UE’s response (1RTT)

3. Step 9, AMF will send optional authentication request to UE, and wait for UE’s response (1RTT)

4. Step 9, AMF will send optional security mode request to UE, and wait for UE’s response (1RTT)

5. Step 11, AMF will send second optional identity request to UE and wait for UE’s response (1RTT)

6. Step 21, AMF will send Registration Accept to UE. (0.5RTT)
Note: At UE, the propagation delay between Registration Request to Registration Accept could be as many as 5 RTT between UE and AMF. The timer T3510 (15 seconds) needs to be increased to accommodate the 5*WCRTT propagation delay in GEO satellite communication systems, but the delay may be negligible for LEO. For MEO, since the WCRTT varies between 150ms to 330ms, if 5*WCRTT exceeds 10% of the 15 seconds current value of T3510, T3510 needs to be increased.
Note: At AMF the max propagation delay between step 21 Registration Accept and step 22 Registration complete is one RTT. The timer T3550 (6 seconds) does not need to be increased for LEO, MEO and GEO since there is only 1 RTT involved.
6.X.2.2
5GMM Service Request Procedure
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Figure 6.x.2.2-1: Service Request procedure from ref [9]
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Figure 6.x.2.2-2: UE Triggered Service Request procedure from ref [3]
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Figure 6.x.2.2-3: Network Triggered Service Request from ref [3]

In Figure 6.x.2.2-2 and Figure 6.x.2.2-3, both user triggered service request and network triggered service request will involve some rounds of propagation delay

1. Step 1 and 2, UE will initiate Service Request through the conduit of RAN to AMF (0.5RTT)

2. Step 3, AMF will send optional authentication request to UE and wait for UE’s response (1RTT)

3. Step 3, AMF will send optional security request to UE, and wait for UE’s response (1RTT)

4. Step 12 and 13, AMF will send N2 request (with Service Accept message) to RAN, then RAN sends RRC reconfiguration to UE (0.5RTT)

Note: Both UE triggered service request and network triggered service request will involve additional 3RTTs between UE and AMF. The timer T3517 (15 seconds) needs to be increased to accommodate the 3*WCRTT propagation delay in GEO satellite communication systems, but the delay may be negligible for LEO. For MEO, since the WCRTT varies between 150ms to 330ms, if 3*WCRTT exceeds 10% of the 15 seconds current value of T3517, T3517 needs to be increased by 3*WCRTT.
6.X.2.3
5GMM UE Configuration Update Procedure
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Figure 6.x.2.3-1: Generic UE configuration update procedure from ref [9]
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Figure 6.x.2.3-2: UE Configuration Update procedure for access and mobility management related parameters from ref [3]
Note: AMF sends configuration update to UE and wait for UE’s acknowledgement, the procedure will at most need single RTT. Timer T3555 (6 seconds) does not need to be increased since there is only 1 RTT involved.
6.X.2.4
5GMM Other Procedures with single RTT Propagation delay

1. Authentication procedure with T3560 at AMF which is 6 seconds and T3520 at UE which is 15 seconds

2. Security procedure, T3560 at AMF which is 6 seconds

3. Identification procedure T3570 at AMF which is 6 seconds

4. Notification Procedure, T3565 at AMF which is 6 seconds

5. 5GMM UE initiated Deregistration procedure, T3521 at UE which is 15s

6. 5GMM Network initiated Deregistration procedure, T3522 at AMF which is 6s

7. 5GMM from UE to send authentication response and start T3516, which is 30s, until to receive any one of following messages from AMF, that is one RTT involved

1) SECURITY MODE COMMAND message,
2) SERVICE REJECT message,
3) REGISTRATION REJECT message,
4) REGISTRATION ACCEPT message, or
5) AUTHENTICATION REJECT message;
Note: The minimum timer value is 6 seconds. All the timers with single RTT propagation delay does not need to be increased.
6.X.2.5
5GSM UE-requested PDU session establishment procedure  
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Figure 6.x.2.5-1: UE-requested PDU session establishment procedure from ref [9]
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Figure 6.x.2.5-2: UE-requested PDU Session Establishment for non-roaming and roaming with local breakout from ref [3]
Figure 6.x.2.5-2 shows UE requested PDU session Establishment for non-roaming and roaming with local breakout. It involves at most 3 RTTs, 1RTT for request and accept, two RTT for optional authentication and authorization

1. Step 1, UE will initiate PDU session Establishment to AMF (0.5RTT)

2. Step 6, AMF will send optional authentication request to UE and wait for UE’s response (1RTT)

3. Step 6, AMF will send optional security request to UE, and wait for UE’s response (1RTT)

4. Step 12 and 13, AMF will send N2 PDU session request (NAS msg) to RAN, RAN send PDU session Establishment accept to UE (0.5RTT)

The additional RTT number for home routed roaming is also at most 3 RTTs. 

Note: UE requested PDU session establishment will need at most 3 RTT propagation delay. The timer involved is T3580 at UE which is 16 seconds. The timer T3517 (15 seconds) needs to be increased to accommodate the 3*WCRTT propagation delay in GEO satellite communication systems, but the delay may be negligible for LEO. For MEO, since the WCRTT varies between 150ms to 330ms, if 3*WCRTT exceeds 10% of the 16 seconds current value of T3580, T3580 needs to be increased by 3*WCRTT.
6.X.2.6
5GSM other procedures with single RTT propagation delay

1. UE-requested PDU session modification procedure involves at most 1 RTT for request and ack, T3581 at UE which is 16s

2. UE-requested PDU session release procedure, T3582 at UE which is 16s
3. Network initiated PDU session authentication and authorization procedures both involve 1 RTT, T3590 at SMF which is 15s

4. Network requested PDU session modification procedure, T3591 at SMF which is 16s

5. Network requested PDU session release procedure, T3592 at SMF which is 16s

Note: The minimum timer value is 15 seconds. All the timers with single RTT propagation delay may not need to be increased.
6.X.2.7
Summary of the Timers in NAS Procedures
We propose the following Timer Change Guidance for NTN: 

Guidance 1: All timers’ value which are greater than 1 minute may not need to be changed since the UE-CN propagation round trip time in NTN is negligible comparing with 1 minute timer value. 

Guidance 2: Timer values provided by network will remain open.

Guidance 3: The timer’s minimum value in ref [9] is 6 seconds, and WCRTT (545ms) is less than 10% of the timer’s minimal value and is negligible. All timers involving Single RTT propagation delay shall not be changed.

Guidance 4: Timers not involving RTT propagation delay will not be changed

Guidance 5: The rest of the timers involving multiple RTT propagation delay may increase according to N*WCRTT, where N is maximum possible number of RTTs. If N*WCRTT exceeds the timer value by more than 10%, the timer will need to be increased.

The timers of 5GMM and 5GSM are listed in table 6.x.2.7-1. According to the proposed timer change guidance, there are only 3 timers which involve multiple RTTs may need to be increased. The three timers are T3510, T3517 and T3580.

	
	Timer #
	Timer Value in ref [9]
	number of RTTs propagation delay in 5GSAT
	Suggested Timer value increase
	Guidance #

	5GMM UE Side Timers
	T3510
	15s
	5
	5*WCRTT
	5

	
	T3502
	Default 12 min
	N/A
	0
	1

	
	T3511
	10s
	No RTT involved, UE internal status transition
	0
	4

	
	T3512
	Default 54 min
	N/A
	0
	1

	
	T3516
	30s
	1
	0
	3

	
	T3517
	15s
	3
	3*WCRTT
	5

	
	T3519
	60s
	N/A
	0
	1

	
	T3520
	15s
	1
	0
	3

	
	T3521
	15s
	1
	0
	3

	
	T3525
	Default 60s
	N/A
	0
	1

	
	T3540
	10s
	No RTT involved
	0
	4

	
	Non-3GPP deregistration timer
	Default 54 min
	N/A
	0
	1

	5GMM AMF Side Timers
	T3550
	6s
	1
	0
	3

	
	T3560
	6s
	1
	0
	3

	
	T3570
	6s
	1
	0
	3

	
	T3513
	Network dependent
	N/A
	0
	2

	
	T3522
	6s
	1
	0
	3

	
	T3555
	6s
	1
	0
	3

	
	T3565
	6s
	1
	0
	3

	
	Mobile reachable timer
	Default 4 min greater than T3512
	N/A
	0
	1

	
	Implicit deregistration timer
	Network dependent. (4 min greater than T3512)
	N/A
	0
	1

	
	Non-3GPP implicit deregistration timer
	Network dependent. Default 4 min greater than Non-3GPP deregistration timer
	N/A
	0
	1

	
	Active timer
	TBD
	N/A
	0
	2

	
	Strictly periodic monitoring timer
	Same as T3512 Default 54 min
	N/A
	0
	1

	5GSM UE Side Timers
	T3580
	16s
	3
	3*WCRTT
	5

	
	T3581
	16s
	1
	0
	3

	
	T3582
	16s
	1
	0
	3

	
	T3583
	Default 1min, max 30 min
	N/A
	0
	1

	
	T3584
	Provided by network
	N/A
	0
	2

	
	T3585
	Provided by network
	N/A
	0
	2

	
	Back-off timer

T3346
	Random number 

Min 1-15minutes

Max 1-30 minutes
	N/A
	0
	1

	5GSM SMF Side Timer
	T3590
	15s
	1
	0
	3

	
	T3591
	16s
	1
	0
	3

	
	T3592
	16s
	1
	0
	3

	
	T3593
	default 60s
	N/A
	0
	1


Table 6.x.2.7-1: Timers of 5GMM and 5GSM
6.X.3
Impacts on existing nodes and functionality
This solution does not impact existing 3GPP nodes and functionality.
6.X.4
Solution evaluation

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 CT1.
	*** End of change 2 ***
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