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1. Introduction 
In this document, we provide details to address the recommended solutions provided by SA2 in the LS reply [1].
2. Discussion 
UE capability reporting
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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.





With this procedure, EUTRAN would be able to know specific features UE implemented in the network type (TN or NTN). RAN2 sent LS to SA2 [2] for possible alignment work as MME will have to store the TN and NTN containers separately and provide the correct one to TN eNB and NTN eNB.
However, SA2 replied in [1] that any MME impact is not preferable and recommended following two options which have no (or minimum) MME impact.
Option#1: UE triggers TAU update with UE capability update needed when moving between TN and NTN.
Option#2: RAN2 update UE capability container to include NTN capabilities.

Option#1: UE triggers TAU update with UE capability update needed when moving between TN and NTN.
From the above explanation, there will be no concept of such two containers stored in MME. The MME will store just a single container and currently there is no procedure to prevent MME or source eNB from providing NTN UE capability wrongly to TN eNB when UE moves from NTN to TN.
When UE reports UE capability in NTN, technically UE should not be including any TN band parameters (support of TN band) and vice versa. So, it is possible the TN eNB after retrieving the UE capability considers the UE capability retrieval as failure because it won’t find the supported TN band or TN band parameters. Since network is not mandated to inquire new UE capability from the UE and update it to MME in this scenario, the UE may fail to access the TN network.
The solution to this problem is that whenever the UE moves to different network type, it triggers the TAU update with UE capability update indication.
However, the problem with this is that this is not the current behaviour. Following is the text what is captured in TS 36.331 but it is not clear it applies when moving between TN to NTN. It is not mandated anywhere in RAN2 or CT1 or SA2 specification that UE triggers UE capability update procedure upon moving between TN and NTN.
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.
So simply the current specification is not clear and change is needed in RAN2 specification. In addition, SA2 and CT1 would have to update their specification as well to clarify the triggering procedure for TAU with UE capability update indication. Network is not mandated to deploy different tracking area identities for TN and NTN. Even if UE triggers TAU update, it does not mean it also includes the indication for UE capability update needed.
Another issue with this approach is that every time the UE moves between TN and NTN, the UE will have to upload the UE capability container to the network via radio interface incurring signaling burden.
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Option#2: Update UE capability container to include NTN capabilities.
In our view, if RAN2 is going to make change to the specification, we should try to do it correctly by including TN and NTN UE capabilities in the same UE capability report message as explained in SA2 LS [1] as the recommended and preferred solution by SA2, see explanation in SA2 LS [1]. Followings are benefits.
· This solution also avoids any impacts and alignment work to other working groups including SA2, CT1 and RAN3. 
· This solution also avoids any issue in supporting handover between TN and NTN in eMTC, RRC reestablishment between TN and NTN in eMTC and NB-IoT and CP solution-based reestablishment between TN and NTN when UE is using CP CIoT optimization.
· This solution also avoids any issue in using RACS for eMTC.
For eMTC
For eMTC a simple solution is to introduce a new RAT type “eutra-ntn” for the EUTRA NTN container as EUTRA TN container already exists. The TN eNB can only enquire UE to report the EUTRA TN capabilities and NTN eNB can only enquire UE to report the EUTRA NTN capabilities. As explained in SA2 LS reply, The CR is provided in [3]. 
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For NB-IoT
For NB-IoT, there is no concept of RAT container list. Therefore, the UE capability message can be simply extended to include the NTN UE capabilities. As specified in TS 36.306, the maximum PUSCH TBS size supported by NB-IoT UE cat1 is 1000bits. For UEs supporting 10 bands in TN, the UE capability information could be 38 bytes large. Even if we assume the worst case of doubling the UE capability size for NB-IoT to include NTN UE capabilities, the TBS size needed to deliver the UE capability would still be way lower than the supported TBS size.
TS 36.306 Table 4.1C-2: Uplink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category NB1
	1000
	1000

	Category NB2
	2536
	2536



Since it is one time UE capability reporting for the MME, it will be simple to add extension to include the NTN container as shown below and CR is provided in [4]. However, it is also good idea to remove the restriction in place for NB-IoT to support RACS as the UE capability will grow in Rel-18 and beyond. 
UECapabilityInformation-NB ::=	SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE{
			ueCapabilityInformation-r13		UECapabilityInformation-NB-r13-IEs,
			criticalExtensionsFuture		SEQUENCE {}
	}
}

UECapabilityInformation-NB-r13-IEs ::=	SEQUENCE {
	ue-Capability-r13						UE-Capability-NB-r13,
	ue-RadioPagingInfo-r13					UE-RadioPagingInfo-NB-r13,
	lateNonCriticalExtension				OCTET STRING						OPTIONAL,
	nonCriticalExtension					UECapabilityInformation-NB-Ext-r14-IEs							OPTIONAL
}  

UECapabilityInformation-NB-Ext-r14-IEs ::=	SEQUENCE {
	ue-Capability-ContainerExt-r14			OCTET STRING (CONTAINING UE-Capability-NB-Ext-r14-IEs),
	nonCriticalExtension					UECapabilityInformation-NB-Ext-r17-IEs						OPTIONAL
}

UECapabilityInformation-NB-Ext-r17-IEs ::=	SEQUENCE {
		ue-CapabilityNTN-r17					UE-Capability-NB-r13 OPTIONAL,
		ue-Capability-ContainerExtNTN-r17		OCTET STRING (CONTAINING UE-Capability-NB-Ext-r14-IEs)  OPTIONAL,
	nonCriticalExtension					SEQUENCE {}							OPTIONAL
}
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Radio capability for paging
For both eMTC and NB-IoT, the radio paging capability (i.e., ue-RadioPagingInfo-r13) has to be uploaded to MME by eNB separately. That means, the eNB or MME would also have to be aware whether the UEs in IDLE mode (i.e., without knowing their UE Radio Access Capability Parameters) support TN vs NTN or GSO vs NGSO. Based on this information, network can develop its paging strategy. For example, the GSO and NGSO may be deployed in the same tracking area as this is allowed deployment scenario. If the UE does not support GSO scenario, then there is no point of paging UE via GSO network. In addition, the network needs to know whether the UE supports WUS in TN or NTN or in both. Therefore, the ue-RadioPagingInfo-r13 has to be extended to include NTN capabilities.
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3. Conclusion
Following observations and proposals are made.
Observation 1.	Current specification does not guarantee the UE triggering TAU update with capability update indication. So it is not current behavior.
Observation 2.	If MME does not store two different TN and NTN containers for a UE, then we have no choice but to update the specification which can lead to inter-operability issue.
Proposal 1	For eMTC, introduce a new RAT type “eutra-ntn” to be used for the EUTRA NTN container. CR is provided in [3].
Proposal 2	For NB-IoT, extended UECapabilityInformation-NB to include the NTN UE capabilities. CR is provided in [4].
Proposal 3	For NB-IoT, ask SA2 if RACS can be used for NB-IoT.
Proposal 4	For eMTC and NB-IoT, extend the ue-RadioPagingInfo to include NTN capabilities for IDLE mode paging.
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