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Introduction
In the RAN2#118, the following agreements on UE capabilities were reached and an LS was sent to SA2 [1]:
	· For NB-IoT, UE capability provided is only valid in the network type [TN, NTN] where it was provided.
· For eMTC, UE capability provided is only valid in the network type [TN, NTN] where it was provided. 
· For eMTC, Inter [TN, NTN] - redirection can work. For inter [TN, NTN] - HO, the target node will not know the UE caps of target network type. R2 will not specify that HO is disallowed but expect it can only work in restricted way (if at all). R2 does not expect to work further on inter [TN, NTN] – HO in Rel-17. 


The reply LS from SA2 has been received in [2] with concerns on the multiple containers to be stored by MME. In the last meeting, RAN2 has the following agreements and sends the Reply LS to SA2 [3].
	Agreements:
1.	Send a reply LS to SA2 (Cc: CT1, RAN3) saying RAN2 confirms the preference to go for “option 2”, acknowledging that there might be at least CT1 impact (e.g. for new TAU trigger for UE capability update) and indicating that RAN2 will further discuss at the next meeting whether any enhancements are needed for connected mode mobility (e.g. about the support of RACS for eMTC NTN IoT), implying that additional impacts to other groups might also be expected.



	Reply LS to SA2:
RAN2 has analyzed the two options proposed by SA2 for overall specification impacts and functionality impacts. 
· Option 1: Single container is used for eMTC and NB-IoT including both TN and NTN capabilities. 
· Option 2:  Separate containers are maintained for TN and NTN for IoT-NTN UE, i.e., UE reports its E-UTRAN radio access capabilities depending on the network type (TN or NTN) to which it is connected. 
Based on the analysis RAN2 concluded that option 2 is preferred from the RAN2 perspective which is aligned with previous RAN2 agreements on TN and NTN capabilities of IoT-NTN. 
RAN2 also acknowledges that option 2 may require some change to CT1 specifications (e.g., new TAU trigger for UE capability update procedure when transitioning between TN and NTN). 
RAN2 intends to further discuss in the next meeting whether enhancements are needed in Rel-17 due to its preference on option 2 (e.g., Connected mode mobility support, RACS support for eMTC-NTN). These enhancements may have some additional impacts on other working groups. 


In this paper, we provide our consideration on the remaining issues:
1) CT1/SA2 impact (whether to introduce a new TAU trigger for UE capability update)
2) The impacts on RACS for eMTC NTN
3) Any other RAN2 impacts

[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
In the past meetings, RAN2 has agreed that separate containers are maintained for TN and NTN for IoT-NTN UE, i.e., UE reports its E-UTRAN radio access capabilities depending on the network type (TN or NTN) to which it is connected. However, there are still remaining issues on how this works for TN-NTN mobility.
In our understanding, the most important thing is to let the network know the UE capability of the network type to which the UE is connected. We think there are different branches depending on whether CN configures both TN and NTN TAC lists for the UE:
Option 1: CN configures both TN and NTN TAC lists for UE. With this option, the UE does not trigger “TAU due to TAC change” upon TN-NTN mobility.
· Option 1-1: RRC_IDLE UE does not trigger “TAU due to capability change” upon TN-NTN mobility 
· Option 1-2: RRC_IDLE UE triggers “TAU due to capability change” upon TN-NTN mobility
Option 2: CN configures one TAC list corresponding to the same network type. With this option, the UE will trigger “TAU due to TAC change” upon TN-NTN mobility.
In the following, we analyse the procedures in RRC_IDLE and RRC_CONNECTED for these options.
Option 1-1(CN configures both TN and NTN TAC lists for UE. And UE does not trigger the TAU upon TN-NTN mobility in RRC_IDLE):
· Since both TN and NTN TAC list are configured to the UE, the UE does not trigger “TAU due to TAC change” upon TN-NTN mobility, regardless of RRC_IDLE or RRC_CONNCTED states.
· In RRC_IDLE, the CN cannot get the UE capability of the current network type in time. In our understanding, it will have impacts on the paging. According to the current specification, the CN can provide some assistance information (e.g. UE radio capability for paging) to eNB. We think some assistance information may be different between TN and NTN, e.g., the supported band list for paging. Also, the some other paging capabilities could be different for TN and NTN, e.g., capability for WUS. Therefore, this solution may have impacts on paging because paging cannot be performed in an optimal way, or even failed.
· In RRC_CONNECTED, when the UE accesses to the target eNB, the target eNB can retrieve the UE capability for the network type that UE is connected. And then the target eNB can send the UE capability to CN. And then CN can store this new capability. In this case, we think RRC_CONNECTED UE does not need to trigger the “TAU due to the UE capability change” because the UE has already reported the capability to the network during the HO procedure thus the latest capability is unchanged. Also RRC_CONNECTED UE does not need to trigger the TAU due to TAC change.
Observation 1: (for Option 1-1) If RRC_IDLE UE does not trigger “TAU due to capability change” upon TN-NTN mobility, it has impacts on paging.
Option 1-2(CN configures both TN and NTN TAC lists for UE. And UE triggers the TAU upon TN-NTN mobility in RRC_IDLE due to capability change):
· Same as Option 1-1, since both TN and NTN TAC list are configured to the UE, the UE does not trigger “TAU due to TAC change” upon TN-NTN mobility, regardless of RRC_IDLE or RRC_CONNCTED states.
· During the mobility between TN and NTN, UE in RRC_IDLE triggers the TAU due to the capability change. In this case, UE can report the UE capability to eNB after entering RRC_CONNECTED. The eNB sends the UE capability to CN and CN updates the UE capability.
· During the mobility between TN and NTN, the behaviour of UE in RRC_CONNECTED is the same as in Option 1-1.
Observation 2: (for both Option 1-1 and Option 1-2) If CN configures both TN and NTN TAC lists for UE, RRC_CONNECTED UE does not need to trigger “TAU update due to capability change”, does not trigger “TAU update due to TAC change” either.
For Option 2(CN configures one TAC list corresponding to the same network type)
· During the mobility between TN and NTN, UE in RRC_IDLE triggers the TAU due to the TAC change. In this case, UE also can report the UE capability to eNB after entering RRC_CONNECTED. The eNB sends the UE capability to CN and CN updates the UE capability.
· During the mobility between TN and NTN, UE in RRC_CONNECTED reports the new capability to the eNB and the eNB sends the new capability to the CN as in Option 1-1. Also the UE needs to trigger the TAU due to TAC change.
Observation 3: (for Option 2) If CN configures one TAC list corresponding to the same network type, RRC_CONNECTED UE does not need to trigger “TAU update due to capability change”, but it will trigger “TAU update due to TAC change”.
According to the above discussion, we think Option 1-2 is better, because Option 1-1 has negative impacts on paging and Option 2 leads the UE to trigger “TAU update due to TAC change”
Proposal 1: CN configures both TN and NTN TAC lists for UE. Upon TN-NTN mobility: 
· RRC_IDLE UE triggers the “TAU due to the capability change”. 
· RRC_CONNECTED UE does not need to trigger “TAU due to capability change”. 
· Both RRC_IDLE and RRC_CONNECTED UEs do not trigger “TAU due to TAC change”.
[bookmark: OLE_LINK13]The next issue is how to deal with the RACS in eMTC NTN. The RACS is used to reduce the signalling of the capability information according to TS 23.401:
	RACS works by assigning an identifier to represent a set of UE radio capabilities. This identifier is called UE Radio Capability ID. A UE Radio Capability ID can be either UE manufacturer-assigned or PLMN-assigned, as specified in clause 5.2.7. The UE Radio Capability ID is an alternative to the signalling of the UE Radio Capability information over the radio interface, within E-UTRAN, from E-UTRAN to NG-RAN, from MME to E-UTRAN and between CN nodes supporting RACS.
The UCMF (UE radio Capability Management Function) stores all UE Radio Capability ID mappings in a PLMN and is responsible for assigning every PLMN-assigned UE Radio Capability ID in this PLMN, see clause 4.4.13. The UCMF shall be configured with a Version ID for PLMN assigned UE Radio Capability IDs, defined in clause 4.4.13.


According to the above discussion on mobility between TN and NTN, the target eNB will retrieve UE capability from UE and forward it to MME. Then MME can request the UE Radio capability ID from the UCMF according to TS 23.401. After that, the RACS can work in the same way as the legacy procedure in the following intra-TN or intra-NTN mobility.
	When the E-UTRAN updates the MME with new UE radio capabilities information, the MME provides the information obtained from the E-UTRAN to the UCMF even if the MME already stores a UE Radio Capability ID for the UE. The UCMF then returns a value of UE Radio Capability ID. If the value is different from the one stored in the MME, the MME updates the UE Radio Capability ID it stores and provides this new value to the E-UTRAN (if applicable) and to the UE.



Proposal 2: If proposal 1 is agreed, the RACS can still work in the following intra-TN or intra-NTN mobility.
In the following, we will provide the impacts on each work group based on these above proposals.
Impacts on SA2/CT1:
In our understanding, SA2 has agreed that CN can configure both TN and NTN TAC lists for UE.
SA2 and CT1 specified the triggers for TAU in TS 23.401 and TS 24.301 respectively:
	[bookmark: _Toc19171944][bookmark: _Toc27844235][bookmark: _Toc36134393][bookmark: _Toc45176076][bookmark: _Toc51762106][bookmark: _Toc51762591][bookmark: _Toc51763074][bookmark: _Toc98847639]TS 23.401
5.3.3.0	Triggers for tracking area update
A stand-alone tracking area update (with or without S‑GW change, described in clauses 5.3.3.1 and 5.3.3.2 respectively) occurs when a GPRS-attached or E‑UTRAN-attached UE experiences any of the following conditions:
-	UE detects it has entered a new TA that is not in the list of TAIs that the UE registered with the network (except for the case of a UE configured to perform Attach with IMSI when entering a TA in a new non-equivalent PLMN in RRC-IDLE mode);
-	the periodic TA update timer has expired;
-	UE was in UTRAN PMM_Connected state (e.g. URA_PCH) when it reselects to E‑UTRAN;
-	UE was in GPRS READY state when it reselects to E‑UTRAN;
-	the TIN indicates "P-TMSI" when the UE reselects to E-UTRAN (e.g. due to bearer configuration modifications performed on GERAN/UTRAN);
-	the RRC connection was released with release cause "load re-balancing TAU required";
-	the RRC layer in the UE informs the UE's NAS layer that an RRC connection failure (in either E-UTRAN or UTRAN) has occurred;
-	a change of the UE Network Capability and/or MS Network Capability and/or UE Specific DRX Parameters and/or TS 24.008 [47] MS Radio Access capability (e.g. due to GERAN radio capability change, E-UTRAN, NG-RAN capability change or cdma2000 Radio Access Technology Capability change) information of the UE.
-	for UE supporting RACS in ECM-IDLE as defined in clause 5.11.3a, a change in UE Radio Access capability (e.g. due to GERAN radio capability change, E-UTRAN, NG-RAN capability change or cdma2000 Radio Access Technology Capability change) corresponding to signalling a different UE Radio Capability ID.
-	a change in conditions in the UE require a change in the extended idle mode DRX parameters previously provided by the MME.
-	for a UE supporting CS fallback, or configured to support IMS voice, or both, a change of the UE's usage setting or voice domain preference for E-UTRAN.
-	for a SR-VCC capable UE, a change of MS Classmark 2 and/or MS Classmark 3 and/or Supported Codecs.
-	UE manually selects a CSG cell whose CSG ID and associated PLMN is absent from both the UE's Allowed CSG list and the UE's Operator CSG list.
-	UE receives a paging request from the MME while the Mobility Management back off timer is running and the UE's TIN indicates "P-TMSI".
-	a change in any of the values of information included in Preferred Network Behaviour as defined in clause 4.3.5.10 that would create incompatibility with the Supported Network Behaviour provided by the serving MME.
-	with satellite access for Cellular IoT upon changing to a suitable cell indicating one or more TACs for the RPLMN all of which are outside the UE's Tracking Area List in both ECM-CONNECTED and ECM-IDLE.
NOTE 1:	The complete list of TAU triggers is specified in TS 24.301 [46].
NOTE 2:	With satellite access for Cellular IoT, more than one TAC can be indicated to a UE for each PLMN in any cell, see clause 4.13.6.




	TS 24.301
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The UE operating in CS/PS mode 1 or CS/PS mode 2, in state EMM-REGISTERED, shall initiate the combined tracking area updating procedure:
a)	when the UE that is attached for both EPS and non-EPS services detects that the current TAI is not in the list of tracking areas that the UE previously registered in the MME, unless the UE is configured for "AttachWithIMSI" as specified in 3GPP TS 24.368 [15A] or 3GPP TS 31.102 [17] and is entering a tracking area in a new PLMN that is neither the registered PLMN nor in the list of equivalent PLMNs;
b)	when the UE that is attached for EPS services wants to perform an attach for non-EPS services. In this case the EPS update type IE shall be set to "combined TA/LA updating with IMSI attach";
c)	when the UE performs an intersystem change from A/Gb mode to S1 mode and the EPS services were previously suspended in A/Gb mode;
d)	when the UE performs an intersystem change from A/Gb or Iu mode to S1 mode, and the UE previously either performed a combined GPRS attach procedure, an IMSI attach procedure, a location area updating procedure or a combined routing area updating procedure, in A/Gb or Iu mode, or moved to A/Gb or Iu mode from S1 mode through an SRVCC handover or moved to Iu mode from S1 mode through an vSRVCC handover. In this case the EPS update type IE shall be set to "combined TA/LA updating with IMSI attach";
e)	when the UE enters EMM-REGISTERED.NORMAL-SERVICE and the UE's TIN indicates "P-TMSI";
f)	when the UE receives an indication from the lower layers that the RRC connection was released with cause "load balancing TAU required";
g)	when the UE deactivated EPS bearer context(s) locally while in EMM-REGISTERED, because it was not able or not allowed to establish a NAS signalling connection, and then returns to EMM-REGISTERED.NORMAL-SERVICE and no EXTENDED SERVICE REQUEST message, CONTROL PLANE SERVICE REQUEST message or DETACH REQUEST message is pending to be sent by the UE;
h)	when the UE changes any one of the UE network capability information, the MS network capability information or the N1 UE network capability information;



Also the CN knows whether the TAU is triggered by the change of TAC or UE capability based on the UE radio capability information update needed IE.
	If the UE is in the EMM-CONNECTED mode and the UE changes the radio capability for E-UTRAN or for NG-RAN, the UE may locally release the established NAS signalling connection and enter the EMM-IDLE mode. Then, the UE shall initiate the combined tracking area updating procedure including a UE radio capability information update needed IE in the TRACKING AREA UPDATE REQUEST message.


In our understanding, SA2 and CT1 only need to add the case of the TN-NTN mobility, not as a new TAU trigger, but as a new cause for “capability update”, and “capability update” is already specified as one of the triggers for TAU. For instance, SA2 can add the following note to Section 5.3.3.0 of 23.401:
	NOTE 1:	The UE Radio Access Capability changes when UE moves between terrestrial network access and satellite network access.



Impacts on RAN2:
RAN2 currently only specifies that UE reports its E-UTRAN radio access capabilities for the network type (TN or NTN) to which it is connected. We think RAN2 need to specify that RRC_IDLE UE triggers the TAU for the TN-NTN idle mobility. 
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Figure 5.6.3.1-1: UE capability transfer
The purpose of this procedure is to transfer UE radio access capability information from the UE to E-UTRAN.
If the UE is NTN capable, the UE reports its E-UTRAN radio access capabilities for the network type (TN or NTN) to which it is connected.
If the UE has changed its E-UTRAN radio access capabilities, the UE shall request higher layers to initiate the necessary NAS procedures (see TS 23.401 [41]) that would result in the update of UE radio access capabilities using a new RRC connection.
NOTE:	Change of the UE's GERAN UE radio capabilities in RRC_IDLE is supported by use of Tracking Area Update.


For the TN-NTN mobility in RRC_CONNECTED, the target node can know whether the source node is the node of the same network type. Therefore we think there are two options:
Option 1: The source node does not send the UE capability information to the target node.
Option 2: The target node ignores the UE capability information from the source node.
In our understanding, both of them can work. But SA2 specifies some rules during the handover in TS 23.401. 

	[bookmark: _Toc19172014][bookmark: _Toc27844307][bookmark: _Toc36134465][bookmark: _Toc45176148][bookmark: _Toc51762178][bookmark: _Toc51762663][bookmark: _Toc51763146][bookmark: _Toc98847712]5.5.1.1.1	General
These procedures are used to hand over a UE from a source eNodeB to a target eNodeB using the X2 reference point. In these procedures the MME is unchanged. Two procedures are defined depending on whether the Serving GW is unchanged or is relocated. In addition to the X2 reference point between the source and target eNodeB, the procedures rely on the presence of S1-MME reference point between the MME and the source eNodeB as well as between the MME and the target eNodeB.
-------------------------------------------skip some texts--------------------------------
If the source eNodeB and target eNodeB support RACS as defined in clause 5.11.3a, the source eNodeB provides the UE's UE Radio Capability ID to the target eNodeB. If the source eNodeB has knowledge that the target eNodeB might not have a local copy of the Radio Capability corresponding to the UE Radio Capability ID (i.e. because the source eNodeB had itself to retrieve the UE's Radio Capability from the MME) then the source eNodeB may also send some (or all) of the UE's Radio Capability to the target eNodeB (the size limit based on local configuration) in X2 signalling as defined in TS 36.423 [76].. In the case of inter-PLMN handover, when the source and target eNodeB support RACS as defined in clause 5.11.3a and the source eNodeB determines based on local configuration that the target PLMN does not support the UE Radio Capability ID assigned by the source PLMN, then the source eNodeB shall provide the UE radio capabilities to the target eNodeB and shall not send the UE Radio Capability ID. If the target eNodeB does not have mapping between the specific UE Radio Capability ID and the UE radio capabilities and no UE radio capabilities are provided by source eNodeB, it shall use the procedure described in TS 36.413 [36] to retrieve the mapping from the Core Network. If, as permitted in TS 36.423 [76], the target eNodeB during the handover preparation received the UE radio capabilities but did not receive the UE Radio Capability ID the target eNodeB shall proceed with handover using the received UE radio capabilities. If the target eNodeB received both the UE radio capabilities and the UE Radio Capability ID, then the target eNodeB shall use any locally stored UE radio capability information corresponding to the UE Radio Capability ID. If none are stored locally, the target eNodeB may request the full UE radio capability information from the core network. If the full UE radio capability information is not promptly received from the core network, or the target eNodeB chooses not to request it, then the target eNodeB shall proceed with the UE radio capabilities sent by the source RAN node. The target eNodeB shall not use the UE radio capability information received from the source eNodeB for any other UE with the same UE Radio Capability ID.


In order to reduce the impact on SA2 specification, we suggest to use option 1.
Proposal 3: For the TN-NTN mobility in RRC_CONNECTED, the source node does not send the UE capability information to the target node.
Proposal 4: Send one LS to SA2/CT1 to inform the above agreements.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we discuss the UE capability signalling for IoT NTN and have the following proposal:
Observation 1: (for Option 1-1) If RRC_IDLE UE does not trigger “TAU due to capability change” upon TN-NTN mobility, it has impacts on paging.
Observation 2: (for both Option 1-1 and Option 1-2) If CN configures both TN and NTN TAC lists for UE, RRC_CONNECTED UE does not need to trigger “TAU update due to capability change”, does not trigger “TAU update due to TAC change” either.
Observation 3: (for Option 2) If CN configures one TAC list corresponding to the same network type, RRC_CONNECTED UE does not need to trigger “TAU update due to capability change”, but it will trigger “TAU update due to TAC change”.
Proposal 1: CN configures both TN and NTN TAC lists for UE. Upon TN-NTN mobility: 
· RRC_IDLE UE triggers the “TAU due to the capability change”. 
· RRC_CONNECTED UE does not need to trigger “TAU due to capability change”. 
· Both RRC_IDLE and RRC_CONNECTED UEs do not trigger “TAU due to TAC change”.
Proposal 2: If proposal 1 is agreed, the RACS can still work in the following intra-TN or intra-NTN mobility.
Proposal 3: For the TN-NTN mobility in RRC_CONNECTED, the source node does not send the UE capability information to the target node.
Proposal 4: Send one LS to SA2/CT1 to inform the above agreements.
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5.6.3	UE capability transfer
5.6.3.1	General


Figure 5.6.3.1-1: UE capability transfer
The purpose of this procedure is to transfer UE radio access capability information from the UE to E-UTRAN.
If the UE is NTN capable, the UE reports its E-UTRAN radio access capabilities for the network type (TN or NTN) to which it is connected.
If the UE has changed its E-UTRAN radio access capabilities, or if the RRC_IDLE UE moves across different network type, the UE shall request higher layers to initiate the necessary NAS procedures (see TS 23.401 [41]) that would result in the update of UE radio access capabilities using a new RRC connection.
NOTE:	Change of the UE's GERAN UE radio capabilities in RRC_IDLE is supported by use of Tracking Area Update.
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[bookmark: _Toc20487723][bookmark: _Toc29343030][bookmark: _Toc29344169][bookmark: _Toc36567435][bookmark: _Toc36810899][bookmark: _Toc36847263][bookmark: _Toc36939916][bookmark: _Toc37082896][bookmark: _Toc46481538][bookmark: _Toc46482772][bookmark: _Toc46484006][bookmark: _Toc115703112]–	HandoverPreparationInformation
This message is used to transfer the E-UTRA RRC information used by the target eNB or target ng-eNB during handover preparation or UE context retrieval, e.g. in case of resume or re-establishment, including UE capability information.
Direction: source eNB/ source RAN to target eNB or target ng-eNB
----------------------------------------------------skip unchanged text---------------------------------------------------

NOTE 1:	The source typically sets the ue-ConfigRelease to the release corresponding with the current dedicated radio configuration. The source may however also consider the common radio resource configuration e.g. in case interoperability problems would appear if the UE temporary continues extensions of this part of the configuration in a target PCell not supporting them.
NOTE 2:	The following table indicates per source RAT whether RAT capabilities are included or not.
	Source RAT
	E-UTRA capabilites
	UTRA capabilities
	GERAN capabilities
	MR DC capabilities
	NR capabilities

	UTRAN
	Included
	May be included, ignored by eNB if received
	May be included
	Excluded
	Excluded

	GERAN CS
	Excluded
	May be included, ignored by eNB if received
	Included
	Excluded
	Excluded

	GERAN PS
	Excluded
	May be included, ignored by eNB if received
	Included
	Excluded
	Excluded

	E-UTRAN
	May be included if UE Radio Capability ID as specified in 23.502 [102] is used for the UE. Included otherwise.
Excluded if the message is transferred between TN and NTN.
	May be included
	May be included
	May be included
	May be included

	NR
	May be included if UE Radio Capability ID as specified in 23.502 [102] is used for the UE. Included otherwise.
	Excluded
	Excluded
	May be included
	May be included



	Conditional presence
	Explanation

	HO
	The field is mandatory present in case of handover or UE context retrieval, e.g. in case of resume or re-establishment within E-UTRA; otherwise the field is not present.

	HO2
	The field is optional present in case of handover or UE context retrieval, e.g. in case of resume or re-establishment within E-UTRA; otherwise the field is not present.

	HO3
	The field is optional present in case of handover from GERAN to E-UTRA, otherwise the field is not present.

	HO4
	The field is mandatory present in case of handover or UE context retrieval, e.g. in case of resume or re-establishment within E-UTRA/5GC and optional present in case of handover from NR to E-UTRA/5GC; otherwise the field is not present.

	HO5
	The field is optional present in case of handover within E-UTRA, or handover from NR to E-UTRA; otherwise the field is not present.
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