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[bookmark: _Ref35586532]Introduction
In Rel-17, SA2 has defined NTN as separate RAT types from TN, (i.e. NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT)), but from Uu point of view, the RAT same or different types are applied for TN and NTN is still not clear, which may cause some confusion, especially in case of inter TN-NTN coordination cases, e.g. cross TN-NTN mobility in inactive.
In this contribution, we will try to discuss whether to differentiate the RAT type(s) for TN and NTN in NR-Uu interface, and provide the observations and proposals accordingly.
Discussion
· SA2/CT1 perspective on RAT type(s)
Currently, the SA2 has specified NR NTN and NR TN as different RAT types, as shown in their specification (highlight by yellow) [3]:
	5.4.10	Support for identification and restriction of using NR satellite access
Support for NR satellite access is specified in TS 38.300 [27].
Editor's note:	TS 38.300 [27] not yet updated by RAN groups.
The AMF determines the RAT Type for NR satellite access, i.e. NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT). When the UE is accessing NR using satellite access, an indication is provided in N2 interface indicating the type of NR satellite access, as defined in TS 38.413 [34].
Editor's note:	Further details on what type of satellite platforms OTHERSAT includes is FFS and to be aligned with RAN WG3.
The serving PLMN can enforce mobility restrictions for NR satellite access as specified in clause 5.3.4.1.
In order to enable efficient enforcement of Mobility Restrictions, cells of each NR satellite RAT Type (NR(LEO), NR(MEO), NR(GEO) or NR(OTHERSAT)) need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting terrestrial access RAT Types.
The AMF may initiate deregistration of the UE when an N2 UE Context Release Request is received with cause value indicating that the UE is not in PLMN serving area, as specified in TS 38.413 [34].


From SA2 spec, LEO, MEO, GEO and OTHERSAT are defined as different RAT types, and cells of each NR satellite RAT Type need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting TN RAT Types. 
· RAN3 perspective on RAT type(s)
In NR NTN Rel-17 and Rel-18, RAN3 tightly followed SA2 and CT1’s definition on the RAT types. The NTN RAT Information is extended to cover the new NTN RAT types, i.e. NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT), as below:
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This IE provides RAT related information associated with a TAC, used as described in TS 23.501 [9].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RAT Information
	M
	
	ENUMERATED (unlicensed, nb-IoT, ..., nR-LEO,
nR-MEO,
nR-GEO,
nR-OTHERSAT)
	


And in Mobility Restriction List, the NTN RAT types are also introduced, 5GC could provide the Mobility Restriction List to NG-RAN, and NG-RAN could take the information into account to control the UE mobility in connected mode. 
	RAT Restrictions
	
	0..<maxnoofEPLMNsPlusOne>
	
	This IE contains RAT restriction related information as specified in TS 23.501 [9].
	-
	

	>PLMN Identity
	M
	
	9.3.3.5
	
	-
	

	>RAT Restriction Information
	M
	
	BIT STRING {
e-UTRA (0),
nR (1), nR-unlicensed (2),
nR-LEO (3),
nR-MEO (4),
nR-GEO (5),
nR-OTHERSAT (6)}
(SIZE(8, …))
	Each position in the bitmap represents a RAT.
If a bit is set to "1", the respective RAT is restricted for the UE.
If a bit is set to "0", the respective RAT is not restricted for the UE.
Bit 7 reserved for future use.
	-
	


Observation 1: SA2, CT1 and RAN3 treat LEO, MEO, GEO and OTHERSAT as different RAT types. Cells of each NR satellite RAT Type need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting TN RAT Types.
· Analysis on the RAT type for NTN and TN from RAN2
However, RAN2 has not ever discussed and decided whether the NR TN and NR NTN belong to the same RAT type or not, but assuming they are the same RAT type. No new separate RAT type is introduced for NR NTN from RAN2 aspect [1]:
	[bookmark: _Toc60777474][bookmark: _Toc124713465]–	RAT-Type
The IE RAT-Type is used to indicate the radio access technology (RAT), including NR, of the requested/transferred UE capabilities.
RAT-Type information element
-- ASN1START
-- TAG-RAT-TYPE-START

RAT-Type ::= ENUMERATED {nr, eutra-nr, eutra, utra-fdd-v1610, ...}

-- TAG-RAT-TYPE-STOP
-- ASN1STOP


Currently, in RAN2, there’s no separate RAT type and separate RAT UE capability have been defined for NTN, but the feature sets UE supported for TN and NTN could be different. It’s not clear in RAN2 whether TN and NTN are treated as different RAT types, which may cause confusion during some inter TN-NTN cooperation use cases, e.g. cell reselection, handover, inactive behaviours. 
Observation 2: Currently, in RAN2, there’s no separate RAT type and separate RAT UE capability have been defined for NTN, but the feature sets UE supported for TN and NTN could be different.
We will analyze the relevant issues which may be related to the RAT type(s) case by case in the following sections:
Issue 1: Measurement configuration for NTN/TN in system information
Generally for inter-RAT cell reselection, the related configuration should be included in SIB5, but currently only EUTRAN frequency is supported to be included into SIB5. SIB3/SIB4 is used to include intra-RAT intra-frequency and inter-frequency cell reselection information. If it’s not clarified whether TN and NTN are treated as different RAT types, NG-RAN may be confused when to configure the cell reselection information for NTN-TN cell reselection. 
Observation 3: NW may be confused about how to configure the cell reselection information e.g. in SIB3/4 or SIB5 for NTN-TN cell reselection, if it’s not clarified whether NTN and TN are treated as the same or different RAT types.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR-Uu, if the same RAT type is decided for TN and NTN, the cross TN-NTN cell selection info could be configured via SIB3/SIB4, no extra spec impact is foreseen. 
Observation 4: If the same RAT type is decided for TN and NTN, the cross TN-NTN cell selection info could be configured via SIB3/SIB4, no extra spec impact is foreseen.

Issue 2: Inactive UE mobility across TN and NTN
Due to UE could support different feature in NTN and TN cell, so some issue may exist for inactive UE. For example the issue of RNA across TN and NTN which is discussed in RAN2#121meeting. Due to SDT feature is defined for TN and NTN separately, if UE is configured SDT by the anchor TN cell, but considering the UE may not support SDT for NTN, problem may occur if UE move from TN to NTN if TN and NTN are configured in the same RNA.
From the deployment perspective, due to the NTN cell coverage is huge comparing with the coverage of the TN cell, the distance between the CN connected with the NTN cell and the CN connected with the TN cells which is under the NTN coverage could be very long. It seems difficult to configure the NTN cell and TN cell to be the same RNA, e.g. Xn connection may not always available between TN gNBs and NTN gNBs.
And according to the SA2 spec (see O1), the cells of TN, LEO, MEO, etc. belongs to different TAs, in normal case the RA (Registration Area) assigned for the UE will not include TACs from both TN and NTN, in that case, during cross TN-NTN reselection, a new Registration Area Update procedure should be performed.
Observation 5: From deployment perspective, it is not always feasible to configure RNA across NTN and TN cells.
Furthermore, even though the RNA could cross TN and NTN, and the UE support inactive and SDT in both TN and NTN, the configuration configured for TN cell may not be suitable for the NTN cell. E.g. the configuration for DRB, considering the long RTT for NTN, the timer of t-Reassembly and   discardTimer are extended for NTN, if suitable timer value of t-Reassembly and discardTimer are configured for TN cell, when UE moves to the NTN cell to perform SDT, the timers configured by TN cells are not suitable for NTN cell.
Observation 6: The configuration configured for inactive UE for TN cells may not be suitable for NTN cells e.g. DRB configuration for SDT, if RNA cross TN and NTN is supported.
But if NR TN and NR NTN are treated as different RAT types, the INACTIVE UE will go to IDLE upon cell reselection from TN to NTN or vice versa, according to current specification [2], and no special specification impact is needed for the issue of RNA across TN and NTN:
	5.2.4.8	Inter-RAT Cell reselection in RRC_INACTIVE state
For UE in the RRC_INACTIVE state, upon cell reselection to another RAT, UE transitions from RRC_INACTIVE to RRC_IDLE and performs actions as specified in TS 38.331 [3].


Observation 7: If RAN2 treats the NR NTN and NR TN as different RAT types, the issue of RNA across TN/NTN for inactive UE doesn’t need to be discussed. 
Based on the O5~O7, to make things easier, even if we take TN and NTN as the same RAT type, it’s better to treat cross TN-NTN cell reselection in RRC_INACTIVE as inter RAT cell reselection, which has been specified in [2], i.e. upon cell reselection between TN and NTN, UE transitions from RRC_INACTIVE to RRC_IDLE. 
Observation 8: Irrespective the RAT type(s) to be used for TN and NTN, easier way is preferred for cross TN-NTN operation, i.e. upon cell reselection between TN and NTN, UE transitions from RRC_INACTIVE to RRC_IDLE.

Issue 3: Handover between TN and NTN
RAN2 hasn’t defined separate UE capability for TN and NTN. For handover procedure, no matter the TN and the NTN is treated as the same RAT type or different RAT types, the handover procedure could be performed successfully. 
One issue needed to be clarified is how to send the handover command to UE. If same RAT are treated for TN and NTN, it is obvious NW could send the handover command i.e. RRCReconfiguration message to UE directly. If TN and NTN are treated as different RAT types, use RRCReconfiguration or MobilityFromNRCommand for TN-NTN handover should be discussed and decided. 
We understand that the targetRAT-Type defined in the MobilityFromNRCommand is to indicate the UE the standard to apply. Due to the same standard is applied for both TN and NTN, as specified in TS 38.331, it’s assumed the RRCReconfiguration message could be used for inter TN-NTN handover.
Observation 9: The RRCReconfiguration message could be used for inter TN-NTN handover, irrespective the RAT type(s) to be used for TN and NTN.

· Conclusion 
Based on above discussion, even though some NTN RAT types (including NR (LEO), NR (MEO), NR (GEO), NR(OTHERSAT)) have been defined and used in SA2, CT1, and RAN3, it’s not necessary to distinguish the RAT types in Uu interface.  
For some cross TN-NTN coordination cases, we could consider them case by case, easier way is preferred.
Proposal 1：In NR-Uu, it’s not necessary to distinguish the RAT types between TN and NTN, even though NTN specific RAT types are specified in SA2, CT1 and RAN3.
Proposal 2: The following simple strategies should be applied for inter TN-NTN mobility use cases:
· Inter NTN-TN cell reselection information is configured in SIB3/4, not in SIB5.
· Upon cell reselection between TN and NTN, UE transitions from RRC_INACTIVE to RRC_IDLE, not consider the cross TN-NTN RNA configuration and inactive continuity.
· RRCReconfiguration message is used for inter TN-NTN handover. 
Conclusion
In this contribution, we give some discussion on whether to distinguish the RAT type(s) between TN and NTN in NR-Uu, and the following observations and proposals are provided:
Observation 1: SA2, CT1 and RAN3 treat LEO, MEO, GEO and OTHERSAT as different RAT types. Cells of each NR satellite RAT Type need to be deployed in TAs different from TAs for other NR satellite RAT Types as well as different from TAs supporting TN RAT Types.
Observation 2: Currently, in RAN2, there’s no separate RAT type and separate RAT UE capability have been defined for NTN, but the feature sets UE supported for TN and NTN could be different.
Observation 3: NW may be confused about how to configure the cell reselection information e.g. in SIB3/4 or SIB5 for NTN-TN cell reselection, if it’s not clarified whether NTN and TN are treated as the same or different RAT types.
Observation 4: If the same RAT type is decided for TN and NTN, the cross TN-NTN cell selection info could be configured via SIB3/SIB4, no extra spec impact is foreseen.
Observation 5: From deployment perspective, it is not always feasible to configure RNA across NTN and TN cells.
Observation 6: The configuration configured for inactive UE for TN cells may not be suitable for NTN cells e.g. DRB configuration for SDT, if RNA cross TN and NTN is supported.
Observation 7: If RAN2 treats the NR NTN and NR TN as different RAT types, the issue of RNA across TN/NTN for inactive UE doesn’t need to be discussed. 
Observation 8: Irrespective the RAT type(s) to be used for TN and NTN, easier way is preferred for cross TN-NTN operation, i.e. upon cell reselection between TN and NTN, UE transitions from RRC_INACTIVE to RRC_IDLE.
Observation 9: The RRCReconfiguration message could be used for inter TN-NTN handover, irrespective the RAT type(s) to be used for TN and NTN.

Proposal 1：In NR-Uu, it’s not necessary to distinguish the RAT types between TN and NTN, even though NTN specific RAT types are specified in SA2, CT1 and RAN3.
[bookmark: _GoBack]Proposal 2: The following simple strategies should be applied for inter TN-NTN mobility use cases:
· Inter NTN-TN cell reselection information is configured in SIB3/4, not in SIB5.
· Upon cell reselection between TN and NTN, UE transitions from RRC_INACTIVE to RRC_IDLE, not consider the cross TN-NTN RNA configuration and inactive continuity.
· RRCReconfiguration message is used for inter TN-NTN handover. 
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