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In Rel-17 for IoT NTN, RAN2 #118-e decided that the UE shall send only serving network type related UE capability to the network (i.e, While UE camped on NTN, will report only NTN UE capabilities and while camped on TN, will report only TN UE capabilities). LS R2-2206691 was sent to SA2 requesting CN to store UE’s TN and NTN capabilities as different RAT containers.
	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. 
Need LS to SA2




Based on the above conclusions in RAN2, this paper discusses the issues in UE Capability transfer during Handover from NTN to TN or TN to NTN for eMTC UE connected to EPC.

NTN to TN or TN to NTN Mobility for eMTC 

When a UE is connected to NTN RAN, UE provides only NTN radio capabilities to RAN. Due to mobility if the UE is handed over to TN network via X2 interface, the source node forwards the NTN UE capability in the HO Request message, as the source node only has the NTN radio capability of the UE.
The target node when it receives the HO Request it does not know that UE radio capabilities contained in the HO Request is not relevant for TN network.
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Fig 1: NTN to TN Mobility 

Observation 1: eMTC UE reports only NTN or TN radio capabilities when connected to NTN and TN networks respectively.

Observation 2: For handover from NTN to TN or vice versa the (TN or NTN) source node cannot send to the (NTN or TN) target’s node relevant radio capabilities of the UE, as the source node has only its network related UE radio capability.

Observation 3: For handover from NTN to TN or vice versa, the target node is not aware that UE radio capability contained in the HO Request message is not relevant for its network type.

Observation 4: If the UE connected to a TN network had previously connected to a NTN network, then CN may have both the NTN and TN capabilities of the UE.

Based on the above observations the following solutions are proposed for X2 based and S1 based handover of a UE from TN to NTN or NTN to TN network
X2 Handover for TN to NTN Mobility and vice versa

For a X2 based TN to NTN or vice versa handover, as mentioned in Observation 3, the target node does not know that UE radio capability contained in the handover request message is not relevant to its network type. Hence the proposal is to add a Handover cause value as “TN to NTN Mobility” or vice versa, to make target node aware that UE is handed over from a different network type and that the UE radio capabilities will not be relevant to the target node network type.
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Fig 2: X2 Based NTN To TN Mobility

Proposal 1: Add a new cause value “TN to NTN Mobility/ NTN to TN Mobility” in the X2 Handover Request message for the source to indicate to the target that UE radio capabilities contained in the Handover Request message is the UE radio capability relevant to the source network type.

With the indication in the cause value as TN to NTN or NTN to TN mobility, the target may understand that UE radio capabilities are not relevant. Hence the target may – 

· Option 1: Accept the handover and setup resource with basic (restricted) UE radio capabilities, which is not desirable. Once the UE successfully performs HO to the target node , it may fetch the UE radio capability relevant to target node type.  

· Option 2: Request CN for target node network type related UE radio capabilities before sending Handover Request Acknowledge. If the CN has the target network related UE capabilities, then MME may send the relevant UE radio capabilities to the target.

· Option 3: Reject the handover and ask the source to Release and Redirect the UE to the target network.

Based on the above 3 options, Option 2 is desirable as it has minimum impact to the UE. For Option 2, the target node may request relevant UE radio capability from MME using UE capability Retrieval message via S1AP UE ID.

Proposal 2: During HO preparation phase, allow UE Capability Retrieval by target RAN node from CN for NTN eMTC UE.

Proposal 3: Add MME UE S1AP ID and indication to retrieve TN or NTN UE radio capability to S1 Retrieve UE Information and MME UE S1AP ID to S1 UE Information Transfer message to retrieve relevant UE radio capabilities from CN

S1 Handover for TN to NTN Mobility and vice versa

For a S1 based TN to NTN or vice versa handover, as mentioned in Observation 3, the CN and the target node does not know that UE is being handed over from TN to NTN or vice versa and that the UE capability contained in the handover request is not relevant to the target network type. Hence the proposal is to add a Handover Type IE indicating “TN to NTN” or vice versa, to make CN and target node aware that UE is handed over between different network types and that the UE radio capabilities will not be relevant to the target node network type.
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Fig 3: S1 Based NTN To TN Mobility

Proposal 4: Add a new codepoint “TN to NTN / NTN to TN” in the Handover Type IE in S1 Handover Required and S1 Handover Request message for the source to indicate to the CN and target node that UE capabilities contained in the Handover Request message is the UE radio capability relevant to the source network type.

Based on the network type indication in the Handover Type IE in S1 Handover Required message, the CN shall know that UE is being handed over between different network types and that UE radio capability contained in the “Source To Target Transparent Container” will not be relevant to the target node. If the CN has the target node’s network type relevant UE radio capability, then CN may include the UE capability relevant to the target node’s network type in the S1 Handover Request message.

The target node may realise that UE is being handed over from TN to NTN or vice versa based on the Handover Type IE in the S1 Handover Request. If the CN has included target node’s network type relevant radio capabilities in the S1 Handover Request, target node may use the CN provided UE capability for sending S1 Handover Request Acknowledge message.

Proposal 5: Add UE Radio Capability IE in the S1 Handover Request message, to enable MME to send the TN or NTN radio capability of the UE to the target node based on target’s network type. 

Summary 

Based on the discussion, we have following observations: 
Observation 1.	Multicast service continuity after cell reselection in RRC_INACTIVE state should be Observation 1: eMTC UE reports only NTN or TN radio capabilities when connected to NTN and TN networks respectively.

Observation 2: For handover from NTN to TN or vice versa the (TN or NTN) source node cannot send to the (NTN or TN) target’s node relevant radio capabilities of the UE, as the source node has only its network related UE radio capability.

Observation 3: For handover from NTN to TN or vice versa, the target node is not aware that UE radio capability contained in the HO Request message is not relevant for its network type.

Observation 4: If the UE connected to a TN network had previously connected to a NTN network, then CN may have both the NTN and TN capabilities of the UE.

Based on these observations and discussion above, we have the following proposals:

Proposal 1: Add a new cause value “TN to NTN Mobility/ NTN to TN Mobility” in the X2 Handover Request message for the source to indicate to the target that UE radio capabilities contained in the Handover Request message is the UE radio capability relevant to the source network type.

Proposal 2: During HO preparation phase, allow UE Capability Retrieval by target RAN node from CN for NTN eMTC UE.

Proposal 3: Add MME UE S1AP ID and indication to retrieve TN or NTN UE radio capability to S1 Retrieve UE Information and MME UE S1AP ID to S1 UE Information Transfer message to retrieve relevant UE radio capabilities from CN

Proposal 4: Add a new codepoint “TN to NTN / NTN to TN” in the Handover Type IE in S1 Handover Required and S1 Handover Request message for the source to indicate to the CN and target node that UE capabilities contained in the Handover Request message is the UE radio capability relevant to the source network type.

Proposal 5: Add UE Radio Capability IE in the S1 Handover Request message, to enable MME to send the TN or NTN radio capability of the UE to the target node based on target’s network type. 
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