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1 Introduction

In this document, we capture the company’s views on different options related to TN and NTN capability signaling and storage for IoT-NTN for the below e-mail discussion.
· [AT119bis-e][105][IoT NTN] Capability signalling (Nokia)

Initial scope: Continue the discussion on the different alternatives and attempt to draft a reply LS to SA2 accordingly
Initial intended outcome: offline summary and draft reply LS 

Deadline (for companies' feedback):  Thursday 2022-10-13 18:00 UTC
Deadline (for rapporteur's summary in R2-2210845 and draft LS in R2-2210846):  Thursday 2022-10-13 22:00 UTC
2 Discussion
The Reply LS from SA2 suggests two options for retrieving and storage of TN and NTN UE capabilities from IoT-NTN devices.

Option 1: Single Container for TN and NTN capability
The preferred solution is for E-UTRAN to provide a single container to the MME for all non-NB-IoT RATs (and network types i.e. TN, NTN) and a single container for NB-IoT including both TN and NTN capabilities.
Option 2: Different Tracking Area for TN and NTN with minimum CN Impacts.

SA2 has also discussed some less optimal solutions and believes that a solution that has minimal core network impact is if the network is configured with different Tracking Areas for TN and NTN, and, the UE complies with the current TS 36.331 and TS 23.401 and performs a TA Update (indicating UE capability update needed) from RRC Idle mode when the UE’s capabilities change at any transition between TN and NTN.

In the following sections, we collect views of companies views on different aspects related to the above options and also the preferred option.
2.1 Specification Impacts
During online discussions, it was pointed out that both options have a specification to either RAN or SA specifications. To arrive at a solution that has overall lesser specification work, we need to understand views in RAN2 for specification efforts for each of the options.

Question 2: Companies are requested to provide their views on the specification changes required for each option for RAN and SA2 specifications. For the impact analysis, the additional efforts required over the minimum changes required at RAN and CN to support IoT-NTN connectivity are to be considered.  The efforts can be stated as high /medium/low along with the reason for the same.
For option 1:
	
	RAN specification Impacts
	SA specification impacts
	CT1 specification impact

	MediaTek
	Large impacts
	
	

	Qualcomm
	Simple change.
	No impact
	No impact

	Vodafone
	Simple change to correct existing mis-design and incomplete/non-functioning specifications (e.g. there does not seem to be any RAN specification saying how the UE causes the TN (or NTN) capabilities to be retrieved when the UE moves from NTN to TN (or TN to NTN))
Aligns RAN 2 IoT NTN with existing RAN 2 NR NTN design and the overall RAN and SA methodology for 4G and 5G UE radio capability (and UE radio capability for paging) handling, thereby avoiding future design complexity.
	No impact except that the handling for UE Radio capability for Paging needs to be discussed -> for BOTH NR-NTN and option 1-IoT-NTN
	No impact


For option 2:

	
	RAN specification Impacts
	SA specification impacts
	CT1 specification impact
	CT 4 specification impact

	MediaTek
	Less impacts
	
	
	

	Qualcomm
	Some impact to clarify text on UE capability update.
	SA2 specifications for rel.17 are also deeply frozen.

MME will not delete UE capability container and trigger new UE capability request just because UE changed the tracking area.

Impact to clarify text on UE capability update procedure when switching TN and NTN.
	CT1 specifications for rel.17 are also deeply frozen.

Possible impact to add new trigger on UE capability update for the case of TN and NTN switch.
	

	Vodafone
	Some impact to clarify text on UE capability update, and, for eMTC a mechanism to handle UE capability update in connected mode.

RAN (3 ?) specification updates for RACS (for eMTC) for connected mode handover to say that the source RAN shall not send the UE RAC to the target RAN. And then how the target RAN obtains the UE RAC (and either uses or shall ignore any RACS ID in the Handover Request…with some explanation of how the target RAN knows that the source cell was IoT-NTN)
	As Qualcomm indicate, plus:

a) Extra requirements on the MME to NOT allocate a TAI list containing TN and NTN tracking areas. requires the MME’s TAI list handling to be modified to take into account the RAT type sent in the S1 interface signalling ALONG with the RAT type received in the previous TA Update, Attach, (and possibly GUTI reallocation) procedure
b) For eMTC, high level design work to decide which (or both) of the two RACS capability IDs are transferred at inter MME (and MME-AMF and AMF-AMF) mobility.

c) (For eMTC) connected mode mobility – we need to specify that the source RAN shall not send the UE RAC to the target RAN.

d) For connected mode mobility, need to consider which of the two RACS IDs are sent to the target RAN node – and how this is handled at inter MME and AMF to MME handover.
	
	(for eMTC) Handling of multiple RACS capability ID at inter MME, MME <-> AMF and inter AMF mobility. 


2.2 Functionality Impacts of Option 2
Question 3: Please provide views on impacts to idle mode and connected mode mobility scenarios from the RAN perspective for option 2. 
	
	Impacts on mobility scenarios

	MediaTek
	Mobility management, including cell selection/re-selection and Tracking Area Update (TAU) will be managed differently for TN and NTN systems. Current R-17 standards are already prepared to handle such scenarios.

	Qualcomm
	Connected mode mobility does not work.

The UE will have to upload UE capability to the network every time it moves between TN and NTN. Unlike TAU update, UE capability update procedure is large signalling burden.

	Vodafone
	Option 2 requires the UE RAC to be uploaded at every change between TN and NTN (while option 1 only requires a “double size information element” to be uploaded once when the mobile is powered up (and at arrival in a new MME).

Option 2 imposes extra signalling load on the NTN (and TN) networks.

At connected mode mobility between TN and NTN, the UE’s AS needs to know when to change the capability in use.


2.3 Specification Impacts and backward compatibility of RAN-based solution proposed for Option 1
Question 4: For option 1, IN [3] solutions are proposed for RAN to support single container with changes in the capability inquiry procedure and also the Radio-paging capability. Please provide views on the specification efforts and backward compatibility aspects of this solution.
	
	Comments on specification impacts and backward compatibility for O1

	MediaTek
	This will have relatively more specification changes in Rel-17 IoT-NTN.

	Qualcomm
	For eMTC, it is rather small change, see R2-2209713, just introduce a new “eutra-ntn” type, no ASN.1 change, no container extension. 

For NB-IoT, a simple ASN.1 extension. 

No NBC as UE not supporting change will not include new extension or new “eutra-ntn”.
If SA2 guarantees TN and NTN are configured to be in different tracking areas, change in radio paging capability is NOT needed.

SA2 specification is also frozen. Either way there will be some inconsistency between different releases.

	Vodafone
	Agree with Qualcomm. 

Also agree that, even with option 1, the Radio Paging Capability may need some SA2 work to sort out the details. BUT -> that SA2 work would also need to be done to resolve the SAME Radio Paging Capability issues that 3GPP has overlooked with NR-NTN.


2.4 Any other Impacts
Question 5: Are any other views /discussion points that need to be considered for the decision?
	
	Additional aspects

	Vodafone
	a) The existing RAN 2 solution does not seem to work! The UE would only ever upload either TN or NTN capabilities to the MME, and, the MME would never be triggered to delete them, so the MME would supply the wrong capabilities to the target RAN after idle mode mobility to the other access type.
b) With both options, there seems to be some SA2 (and possibly RAN 3/RAN 2) work needed to solve Radio Paging Capability issues -> but, with option 1, the solution should be the same as we still need to develop for NR-NTN.

c) RAN 4 work is not complete yet for IoT NTN – so ASN.1 changes are unlikely to delay products, especially as Option 2 has UE NAS impacts (in order to set the TAU message contents correctly).


2.5 Preferred Solution
Question 6: Please indicate the preferred option based on the analysis provided in the previous questions
	
	The preferred option for Rel-17

	MediaTek
	Option 2

	Qualcomm
	Option 1

	Vodafone
	Option 1 


3 Conclusion

Based on the response from companies on the two alternatives for TN and NTN capabilities following are the rapporteur proposal for conclusion on this topic. 

Proposal X :  To be updated based on company views 
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