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Abstract: This contribution discusses the support for IoT NTN in EPS in Rel-17 as alignment to RAN#92e-approved WI.

1 
Introduction

RAN#92e approved a new Rel-17 WI to introduce minimum essential functionality to support IoT NTN in EPS ([1] RP-211601), acknowledging the urgent market need identified in [2] ([3]) for such technology. 
SA2 previously responded to RAN2 and RAN3 (cc RAN, CT1) [5] in March 2021 that "SA2 related work might be handled as alignment work […] [assuming] that any impacts to SA2 specs for alignment with RAN specs will be small. If the need for more substantial impacts is found, a new WI could be needed to justify the additional SA2 time".

This contribution discusses the related work required to support IoT NTN in EPS in Rel-17.
2
Discussion

2.1
General

In view of the approved WI by TSG RAN (of which the objectives can be found below in appendix) it is proposed that SA2 (and in turn CT groups) focus on minimum essential functionality to support IoT NTN in EPS in Rel-17.

Proposal 1: SA2 identifies and focuses on minimum essential functionality to support IoT NTN in EPS in Rel-17.

The work on 5GSAT_ARCH focused on introducing NTN support for NR in 5GS only. It is proposed that support for IoT NTN in EPS is introduced using 5GSAT_ARCH as a baseline i.e. 5GSAT_ARCH functionality is imported and adapted into EPS as necessary given EPS and CIoT characteristics, and in accordance with Proposal 1 (minimum essential functionality).

Proposal 2: Support for IoT NTN in EPS is introduced using 5GSAT_ARCH as a baseline i.e. 5GSAT_ARCH functionality is imported and adapted into EPS as necessary given EPS and CIoT characteristics, and in accordance with Proposal 1 (i.e. minimum essential functionality).

2.2
5GSAT_ARCH functionality

Based on earlier discussion in [4], the table below aims at identifying the applicability of 5GSAT_ARCH functionality for IoT NTN in EPS and whether it can be considered minimum essential functionality. 
	Functionality
	5GSAT_ARCH support
	IoT NTN

	
	
	Applicability
	Minimum essential functionality (R17)

	1) Mobility management with large satellite coverage area
	- No Core Network impact were identified by SA2

- The focus of the normative work should be on transparent payload based LEO and GEO scenarios.

- UEs are assumed to have the capability to determine their location.

- Fixed TAs deployment will be supported to minimise Core Network impact
	As for 5GSAT_ARCH
	Yes

	2) Mobility management with moving satellite coverage areas
	- No Core Network impact were identified by SA2

- Work focuses on fixed Tracking Areas, in accordance with RAN WGs feedback
	As for 5GSAT_ARCH
	Yes (see 1)

	3) Delay in satellite
	- For GEO deployments, the Core Network indicates to the UE at registration when extended NAS timers are used in the Registration Area that they shall be used
	Delays inherent to CIoT are taken into account with extended NAS timers (NB-IoT and also for CE mode B noting extensions for NB-IoT are significantly larger than for CE mode B). 
For eMTC reuse of CIoT extended NAS timers should be targeted (with further extension if deemed necessary by CT1) if necessary when GEO is used (independent of CE mode B). No further extension is expected with NB-IoT (CT1 to confirm)
	Yes. 

No further NAS timers extension is expected with NB-IoT, CT1 to confirm. For eMTC, reuse of extended NAS timers should be targeted, independent of CE mode B, when GEO is used. CT1 to confirm whether further extension is needed.

	4) QoS with satellite access
	a) Inclusion of new RAT types to distinguish satellite RAT and related orbits in the Core Network

b) At handover (preparation), QoS is considered before a target is selected

c) Idle mode: RFSP assigned to the UE by the Core Network to prevent camping on satellite RAT cell depending on QoS needs (PDU Session).
	a) IoT NTN RAT types can be defined if deemed necessary – Note such RAT types may be needed in CN but also for PLMN selection (Access Technology)
b) Not applicable to NB-IoT
c) Not applicable to NB-IoT
	a) Possibly yes. Further discussion needed in (SA1/)CT1 (PLMN selection)
b) No – can be deferred to Rel-18 for LTE-M (eMTC)
c) No – can be deferred to Rel-18 for LTE-M (eMTC)

	5) QoS with satellite backhaul
	- Consideration of (CN) satellite backhaul in the expected data path
	Not deemed required at least for NB-IoT
	No – can be deferred to Rel-18 for LTE-M (eMTC)

	6) RAN mobility with NGSO regenerative-based satellite access
	- See point 1) i.e. transparent payload only is supported
	No
	No

	7) Multi-connectivity with satellite access
	- NTN+TN multi-connectivity is not supported.

- Dual-connectivity to be treated as RAN WG alignment
	No

	No

	8) The role of satellite link in content distribution towards the edge
	- No normative work

- Limitation of information broadcast to the country a PLMN belongs to may be addressed in normative work (SA2/RAN)
	No
	No

	9) Multi-connectivity with hybrid satellite/terrestrial backhaul
	- Not supported
	No
	No

	10) Regulatory services with super-national satellite ground station
	- SA2/RANx/CTx alignment during normative phase
	Import 5GSAT_ARCH functionality at least for LI
	Yes


In view of the above, it is proposed to focus on introducing 5GSAT_ARCH functionality into EPS to address items 1), 2), 3) and 10) above and possibly RAT types if deemed necessary for item 4) above.

Proposal 3: Introduce the following minimum essential functionality of 5GSAT_ARCH in EPS for IoT NTN:

-
support for transparent payload based scenarios

-
UEs ability to determine their own location (GNSS capability) as per the basic assumption in RAN WI
-
fixed TAs

-
NAS timers: Reuse of CIoT extended NAS timers should be targeted. Whether further extension is needed (at least for eMTC, independent of CE mode B) should be confirmed by CT1. For NB-IoT, no further NAS timers extension is expected (CT1 to confirm). 
-
Support for regulatory services e.g. Lawful Intercept with super-national satellite ground station
-
IoT NTN RAT Types (if confirmed)

2.3
CIoT and MTC functionality
All existing EPS CIoT and MTC functionality is to be supported over NTN. 
Proposal 4: All existing EPS CIoT and MTC functionality is to be supported over NTN.
2.4
RAN WI scope
In order to align with RAN WI scope it is further proposed that IoT NTN support in EPS in Rel-17 includes:
-
Allowing broadcasting of more than one TAC per PLMN

-
Support of discontinuous coverage resulting from RAN work

-
Country-specific CN routing

-
Support for identification and restriction of satellite access (see also point 4a above)
Proposal 5: Introduce the following minimum essential functionality in EPS for IoT NTN:

-
Broadcasting of more than one TAC per PLMN

-
Support of discontinuous coverage resulting from RAN work

-
Country-specific CN routing

-
Support for identification and restriction of satellite access 
3
Conclusion
Proposal 1: SA2 identifies and focuses on minimum essential functionality to support IoT NTN in EPS in Rel-17.

Proposal 2: Support for IoT NTN in EPS is introduced using 5GSAT_ARCH as a baseline i.e. 5GSAT_ARCH functionality is imported and adapted into EPS as necessary given EPS and CIoT characteristics, and in accordance with Proposal 1 (i.e. minimum essential functionality).

Proposal 3: Introduce the following minimum essential functionality of 5GSAT_ARCH in EPS for IoT NTN:

-
support for transparent payload based scenarios

-
UEs ability to determine their own location (GNSS capability) as per the basic assumption in RAN WI
-
fixed TAs

-
NAS timers: Reuse of CIoT extended NAS timers should be targeted. Whether further extension is needed (at least for eMTC, independent of CE mode B) should be confirmed by CT1. For NB-IoT, no further NAS timers extension is expected (CT1 to confirm). 

-
Support for regulatory services e.g. Lawful Intercept with super-national satellite ground station

-
IoT NTN RAT Types (if confirmed)

Proposal 4: All existing EPS CIoT and MTC functionality is to be supported over NTN.

Proposal 5: Introduce the following minimum essential functionality in EPS for IoT NTN:

-
Broadcasting of more than one TAC per PLMN

-
Support of discontinuous coverage resulting from RAN work

-
Country-specific CN routing

-
Support for identification and restriction of satellite access 
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Appendix A – RAN WI Objectives (RP-211601)

4
Objective

4.1
Objective of Core part WI 
The objective of this Work Item is to specify support of NB-IoT and eMTC over NTN. Work on both NB-IoT and eMTC will start in August 2021 meetings.

Enhancements shall be specified as described hereafter with the following assumptions:

· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 

· GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

· NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.

· Transparent payload

4.1.1
RAN1

Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 

-
UE pre-compensation including ephemeris format (orbital / Position -Velocity)

-
UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 

-
Timing advance formula (granularity of the timing advance may be different)

-
Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state

Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

-
Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.

-
Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects

-
DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 

-
GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:

-
Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 

-
UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD

-
Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.

4.1.2
RAN2

All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.

Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:

-
User Plane:

-
Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 

-
Enhancements to RLC t-Reordering timer. 

-
Others:

-
Provisioning of ephemeris

Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

-
Architecture:

-
Support for EPC

-
Mobility and Tracking Area:

-
Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.

-
Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.

-
Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.

-
Others:

-
Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;

4.1.3
RAN3

NB-IoT and eMTC NTN support for E-UTRAN (i.e. including S1 interface) will be specified by re-using NR NTN functionality as a baseline, e.g.

-
Support for cell identity and TA corresponding to Earth-fixed area in relevant network interfaces (taking Rel-17 NR NTN as baseline where appropriate)

-
Support for country-specific CN routing (taking Rel-17 NR NTN as baseline where appropriate)

-
Support for identification and restriction of satellite access (following Rel-17 NR NTN, and if confirmed by SA2) 

-
OAM requirements (taking Rel-17 NR NTN as baseline where appropriate).

Where needed, adjustments will be considered for IoT NTN specific alignments in line with functionality defined in other WGs.
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