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1. Abstract

This paper evaluates the RAN2 feedback in LS C1-220079 on RAN delay at satellite access and proposes a way forward for NAS timer extension in CT1.

2. Discussion

2.1 Background

To be able to assess possible needed NAS timer extension CT1 has requested RAN2 to provide feedback on the delay that can be expected in RAN for NAS message transport at satellite access for different scenarios, namely initial UL NAS messages, UL NAS messages and DL NAS messages. Further CT1 requested RAN2 to provide delay at the different satellite access types LEO, MEO and GEO. Upon receiving the RAN delay values CT1 can use the information to determine the impact on NAS timers and decide if extension are needed and if so, what solution is most appropriate.

In the reply LS C1-220079 RAN2 has assessed the delay with and without retransmissions in RAN at the different satellite access types, and in addition provided feedback on expected delay from GNSS. These two areas will be evaluated separately, followed by evaluation how to combine the impact from both for NAS timers.
2.2 RAN delay in transport of NAS messages

In current specification certain NAS timers are subject to extension for UEs in either NB-N1 mode or WB-N1 mode as these timers supervise message transport are impacted when delay in RAN can be significantly different compared to “plain” N1 mode. It is expected that the same NAS timers subjects to extension at NB-N1 mode and WB-N1 mode are potetentially subject to extension at satellite accesses as also in this case there is a potential increase of delay in RAN due to the physical properties of satellite accesses.

Observation 1:
The same NAS timers subjects to extension at NB-N1 mode and WB-N1 mode are potentially subject to extension at satellite accesses.
In their reply to CT1, RAN2 presents the calculated delay values for the requested NAS message transport cases and the different satellite access types as copied below.

Note: In LS C1-220079 RAN2 informs that delay at MEO satellite access can vary between delay at LEO and delay at GEO and it is reasonable to assume the worst-case delay when assessing possible delay. RAN delay at MEO is therefore not separately assessed, and the same worst-case values as for GEO are assumed to apply also for MEO.

Table 2.1-1 RAN2 calculated RAN NAS message transport delay at satellite access
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	Delays without GNSS

	Initial NAS message in uplink
	LEO (600 km)

RTT = 26 ms
	0
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	GEO (35768 km)

RTT = 542 ms
	0
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	Non-Initial NAS message in uplink
	LEO (600 km)

RTT = 26 ms
	0
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	GEO (35768 km)

RTT = 542 ms
	0
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	NAS message in downlink
	LEO (600 km)

RTT = 26 ms
	0
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	GEO (35768 km)

RTT = 542 ms
	0
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This table only includes the delay at satellite access and to assess whether these values could result in negative impact at use of current NAS timer values, a comparison with NR and LTE accesses needs to be done. The RTT for LTE and NR is significatly lower and as typical values 8 ms and 4 ms respectively are used. As also for NR and LTE worst case RAN retransmission scanarios need to be considered when determining NAS timers, the result is the following table.

Table 2.1-2 RAN NAS message transport delay at LTE and NR
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	Delays without GNSS

	Initial NAS message in uplink
	LTE
RTT = 8 ms
	0
	RTT x 2.5 = 20 ms

	
	
	16
	RTT x 18.5 = 148 ms

	
	NR
RTT = 4 ms
	0
	RTT x 2.5 = 10 ms

	
	
	16
	RTT x 18.5 = 74 ms

	Non-Initial NAS message in uplink
	LTE

RTT = 8 ms
	0
	RTT x 2.5 = 20 ms

	
	
	4
	RTT x 6.5 = 52 ms

	
	NR

RTT = 4 ms
	0
	RTT x 2.5 = 10 ms

	
	
	4
	RTT x 6.5 = 26 ms

	NAS message in downlink
	LTE

RTT = 8 ms
	0
	RTT x 0.5 = 4 ms

	
	
	4
	RTT x 4.5 = 36 ms

	
	NR

RTT = 4 ms
	0
	RTT x 0.5 = 2 ms

	
	
	4
	RTT x 4.5 = 18 ms


The NAS timers in scope of possible extension typically supervise the time from sending a NAS message until a response is received, i.e. the total time needs to be long enough to cover transport of two messages between source and target plus the additional processing in UE and/or core network. Thus for NAS timers supervising an initial UL NAS message and for NAS timers not supervising any initial NAS UL NAS message, the total RAN delay in worst case will be:

Table 2.1-3 Worst-case RAN delay for NAS supervision timers
	Access type
	Worst-case RAN delay

(1x initial UL NAS msg + 1x non-initial DL NAS msg)
	Worst-case RAN delay

(1x non-initial UL NAS msg + 1x DL NAS msg)

	NR
	0.092 s
	0.044 s

	LTE
	0.184 s
	0.088 s

	LEO
	0.598 s
	0.287 s

	GEO
	12.46 s
	5.96 s


From the above table it can be seen that the RAN delay for worst cases increase by approximately a factor 3 for LEO and by a factor 70 for GEO compared to LTE. When compared to the share of typical NAS timers for the initial vs non-initial cases it can be seen that worst-case RAN delay will use the following share of the current timer value:

Table 2.1-4 Share used by Worst-case RAN delay for NAS supervision timers
	NAS timer
	NR
	LTE
	LEO
	GEO

	T3510 (15 s)
	0.6%
	1.2%
	4%
	83%

	T3517 (15 s)
	0.6%
	1.2%
	4%
	83%

	T3550 (6 s)
	0.7%
	1.4%
	5%
	99%

	T3580 (16 s)
	0.3%
	0.6%
	1.8%
	37%


Table 2.1-4 shows that the worst-case RAN delay in legacy access uses at most 1.4% of the NAS supervision timers’ time. For LEO satellite access the highest share is 5% and for GEO satellite access the highest share is 99% of the supervision time. Further it can be noted that the worst-case RAN delay uses a larger part of NAS supervision time for 5GMM and significanly less for the 5GSM example timer, even if the ratio when compared to NR/LTE still is as high as for 5GMM.
It can thus be observed that RAN delay at LEO satellite access uses a small part of the NAS supervision timers and it does not seem needed to extend NAS supervision timers in this case. The RAN delay at GEO satellite access can use almost the whole NAS supervision timer period and it is needed to extend NAS supervision timers in this case.
Observation 2:
NAS supervision timer extension is not needed for LEO satellite access.
Observation 3:
NAS supervision timer extension is needed for GEO (and MEO) satellite access.

To determine a reasonable NAS timer extension at GEO satellite access, the absolute time of worst-case RAN delay should be considered. In table 2.1-3 it can be seen that the delay at initial NAS message supervision (5GMM initial procedures) the RAN delay can be approximately 12,5s and at non-initial NAS message supervision (5GMM non-initial NAS procedures and 5GSM procedures) the RAN delay can be approximately 6s. It is therefore proposed to extend initial NAS procedure timers with 12s and non-initial NAS procedure timers with 5s at GEO and MEO satellite access.

Proposal 1:
It is proposed to extend initial NAS procedure timers with 12s and non-initial NAS procedure timers with 5s for RAN message transmission delay at GEO and MEO satellite access.
Even if it would be possible to use current non-extended NAS timers at LEO satellite access, such handling would need NAS to distinguish LEO and MEO/GEO satellite accesses. Currently there are no such requirements but from a NAS perspective all satellite accesses are treated in a common way. When the analysis was done for NAS timer extension at Extended Coverage the situation was similar as EC RAN delay varies with the level of EC. The decision for EC was to apply a common NAS timer extension to keep the NAS mechanism simple even if it would have been technically possible to apply differentiated NAS timer extensions at different EC levels. The consequence is a slower recovery than technically possible at lost messages for EC levels with less RAN delay, which was seen acceptable by CT1 in favour of NAS logic simplicity. It is proposed to apply the same reasoning for satellite accesses and use a common NAS timer extension for all types of satellite accesses, including LEO.
Proposal 2:
It is proposed to extend initial NAS procedure timers with 12s and non-initial NAS procedure timers with 5s for RAN message transmission delay also at LEO satellite access.
2.2 Delay in GNSS fix at transport of NAS messages

At satellite access the UE needs to determine its position using GNSS before AS messages are exchanged between UE and network. From a NAS perspective this imples that after initiation of a NAS procedure and request for NAS message transport by AS a GNSS fix may need to be done in AS before the message is further transported to the network. In the LS C1-abcd RAN2 informs that the time needed for GNSS fix depends on the GNSS state and can vary in the range [2 s – 100 s]. The consequence if NAS supervision timers are started upon NAS message transport to AS without NAS knowledge of GNSS state or indication when GNSS fix is aquired, if needed, is that NAS supervision timers need to be extended with 100 s at satellite access. Given that satellite extended NAS timers based on the RAN delay without GNSS consideration are around 30 s or less, a blanket extension of another 100 s does not seem reasonable and would negatively impact NAS procedure recovery at lost messages.
Observation 4:
NAS supervision timer extension to consider possible GNSS fix delay would result in unreasonably long NAS timers resulting in slow NAS message retransmission and NAS procedure recovery.

To allow better NAS supervision performance at satellite access it is proposed to separate GNSS fix delay from message transport delay in RAN by enhancement of NAS – AS interaction, e.g. by adding an indication from AS to NAS when GNSS fix is acquired and transport of the message from UE to network starts (corresponding to legacy start of message transport by AS without GNSS). The NAS would then start a supervision timer only after AS indication that message transport started. Optionally an additional supervision timer for GNSS fix could be added. Requirements for such indication cannot be added by CT1 but would need to be decided by RAN2. It is therefore proposed to send an LS to RAN2 to explain the negative consequences of GNSS fix delay and request RAN2 to add an indication from AS to NAS to inform of GNSS fix completed.
Observation 5:
An indication from AS to NAS would be needed for NAS to separate GNSS fix delay and message transport delay and thereby avoid significantly long extension of NAS supervision timers..

Proposal 3:
It is proposed to send an LS to RAN2 to request feedback on whether introducing  an indication from AS to NAS for GNSS fix completed is feasible.
3. Proposal

The following observations and proposals have been made in the discussion part above:

Observation 1:
The same NAS timers subjects to extension at NB-N1 mode and WB-N1 mode are potetentially subject to extension at satellite accesses.
Observation 2:
NAS supervision timer extension is not needed for LEO satellite access.
Observation 3:
NAS supervision timer extension is needed for GEO (and MEO) satellite access.

Proposal 1:
It is proposed to extend initial NAS procedure timers with 12s and non-initial NAS procedure timers with 5s for RAN message transmission delay at GEO and MEO satellite access.
Proposal 2:
It is proposed to extend initial NAS procedure timers with 12s and non-initial NAS procedure timers with 5s for RAN message transmission delay also at LEO satellite access.
Observation 4:
NAS supervision timer extension to consider possible GNSS fix delay would result in unreasonably long NAS timers resulting in slow NAS message retransmission and NAS procedure recovery.

Observation 5:
An indication from AS to NAS would be needed for NAS to separate GNSS fix delay and message transport delay and thereby avoid significantly long extension of NAS supervision timers..

Proposal 3:
It is proposed to send an LS to RAN2 to request feedback on whether introducing  an indication from AS to NAS for GNSS fix completed is feasible.
A draft LS out to RAN2 as proposed on Proposal 3 is available in C1-220288. A CR to extend applicable NAS supervision timers at satellite access is available in C1-220289.
