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[bookmark: _Ref492503575]Introduction
In RAN3#117-e and RAN3#117bis-e discussion happened on whether signalling based approach (Uu Cell ID) or R17 defined OAM configuration-based approach (Mapped Cell ID) should be used for NTN handover and XN interface messages. However, RAN3 could not conclude on this topic, and it was left as open issue. This paper discusses the open issues from the last meeting.

	[bookmark: _Hlk110858480]FFS which cell ID (mapped cell ID/Uu cell ID/Both are fine) is exchanged via Xn setup and Configuration update messages.
FFS whether to exchange a single TAC or multiple TACs via Xn setup and Configuration update messages.
FFS which cell ID (mapped cell ID/Uu cell ID/Both are fine) is used as Target Cell ID in handover signaling.
FFS in a transparent payload scenario, whether Xn interface will be deployed. 
For NGAP, RAN3 to further study and analyze any potential impacts in addition to T1 and T2.
- potential discrepancy w.r.t. time-based CHO as defined by RAN2?
- potential impacts w.r.t. data forwarding configuration?



Discussion

The discussion on whether to use Mapped Cell ID or Uu Cell ID for NTN handovers and XN based interface messages has been ongoing since last two RAN3 meeting with no conclusion. The text in 38.300 on Cell Identifier is unclear as shown below. 
We had submitted a discussion paper R3-225396 for the last RAN3#117bis-e meeting detailing the pros and cons of both Uu Cell ID and Mapped Cell ID and proposed a conclusion that usage of Uu Cell ID over XN interface is clear and unambiguous. 
On the Cell Identifier for Handover messages, the 38.300 Section 16.14.5 states the below. 
	[bookmark: _Hlk110865620]TS 38.300 Section 16.14.5
“The Cell Identity included within the target identification of the handover messages allows identifying the correct target cell.”



NTN Handover

In the last meeting Nokia had provided a good figure of how using Mapped Cell ID can cause incorrect NTN handovers. Thanks to Nokia for that!
Below diagram from Nokia’s comment - 



A UE in Mapped Cell ID at Time T1 + 10 will see two Uu Cells (1 and 2) and UE needs to be handed over to Uu Cell 2 from Uu Cell ID 1. If handover is not performed, UE will undergo RLF. This is one of the most probable scenario, which can happen due to earth moving cells.
In this scenario, if Mapped Cell ID is sent over XN in Handover Request, then the target NG-RAN cannot identify to which Uu Cell ID UE needs to be handed over. The deployment could be much dense as below as well which causes confusion while using Mapped Cell ID. CR provided in R3-226649.
[image: ]

Observation 1: When one Mapped Cell ID is associated to more than one Uu Cell ID due to earth moving cells, it is not possible for the target NG-RAN node to identify the target cell based on Mapped Cell ID.
Proposal 1: To use Uu Cell ID as Target Cell ID for NTN handovers over XN and NG interface 

XN Setup and Config Update 
Based on the measurement report from the UE, the source needs to identify the target NG-RAN from the Uu Cell ID. If the source knows only the Mapped Cell ID of its neighbours, the source will not be able to translate the Uu Cell ID from measurement report to Mapped Cell ID received from Neighbour in XN Setup and Config Update messages. Hence it is unambiguous for a source to identify the target if the neighbouring NG-RANs send their Uu Cell ID over XN Setup and Config Update messages. CR provided in R3-226649.
Observation 2: Source NG-RAN can unambiguously identify the target based on measurement report from UE which contains Uu Cell ID, if Uu Cell ID is exchanged over XN Setup and Config Update messages.
Proposal 2: To use Uu Cell ID over XN Setup and Config Update messages for unambiguously identification of the target based on measurement report from UE which contains Uu Cell ID.
Cell ID for XN based messages
There are different messages in which serving cell and target/neighbouring cell Ids are used over XN interface e.g. Retrieve UE Context.
When mapped cell identifier is used for few scenarios and Uu cell identifier is used for other scenarios, it is complex to analyse all scenarios and capture them in the specification. Also it causes lot of work load for RAN3, specification impact and unambiguity. Hence we recommend to keep it simple and add a generic statement to TS 38.300 to state that Uu Cell ID will be used for all XN based messages. CR provided in R3-226649. 
In 38.300 there are only few scenarios identified for usage of Mapped Cell ID in Section 16.14.5. In the rest of the cases, it is unspecified which means legacy behaviour holds good. 
Observation 3: Usage of Mapped Cell ID for few XN message and Uu Cell ID for other XN messages is complex, ambiguous and increases the work load of RAN3 to analyse different scenarios and capture them in the RAN3 specs
Observation 4: In TS 38.300 Section 16.14.5 only few scenarios are defined for usage of Mapped Cell ID. Which implies for the unspecified scenarios, the legacy behaviour of using Uu Cell ID is applicable.
Proposal 3: To keep the usage of Cell identifier simple and specify that Uu Cell ID will be used for all XN based messages.
Multiple TAC

It is a known fact that NTN cells are associated with more than one TAC as they cover large area. It is also known that TAC of the neighbouring cells are needed to adhere to mobility restriction list. If the source knows only a subset of the TACs supported by NTN cells, then source may handover a UE to a target even if the target supports a TAC which is listed as restricted TAC for mobility by CN. In order to comply with the mobility restriction list from CN, the source needs to know all the TACs supported by neighbouring NG-RANs.
Based on the above Proposal 2, if Uu Cell ID is exchanged over XN Setup and Config Update message, then Uu Cell ID will be associated with multiple TACs. Along with the Uu Cell ID all the TACs supported by Uu Cell ID can be exchanged over XN Setup and Config Update messages. TP for TS 38.423 is provided in the end of this document.
Observation 5: Knowledge of TACs supported by neighbouring NG-RANs is needed at the source to comply with mobility restriction list from Core.
Proposal 4: Based on Proposal 2, along with the Uu Cell ID all the TACs supported by Uu Cell ID can be exchanged over XN Setup and Config Update messages

Applicability of XN for NTN 
In the last RAN3 meeting companies had raised concern if XN can be applicable for NTN scenario. We think from Standards, we should provide flexibility for deployments to use the legacy interfaces and not restrict the usage of well-defined interfaces and features considering certain deployment models. If in any deployment XN is not preferred, then there is always OAM option to disable XN. Hence our recommendation is to allow both XN and NG for NTN deployments
Proposal 5: Standards should allow flexibility for NTN deployments to use well defined legacy XN interface. If XN is not desired for certain deployments, then it can be disable via OAM. OAM options is always available.

CHO over NG

The Tdoc R3-225579 introduced time parameters HO start time and HO duration in the source to target transparent container IE for NG based HO similar to XN based CHO. However, it was unclear on how these IEs will map to RRC configuration of the UE for time-based CHO for NTN and captured as FFS in the last RAN3 meeting.
The issues with this approach are –
· The target node does not know whether it is supposed to configure time-based CHO for UEs in RRC Reconfiguration based on the received new T1 and T2 IEs
· Since the RRC behaviour of the target node is undefined for the new T1 and T2 IEs, target may send normal RRC Reconfig to UE and not time-based CHO. In this case the usage of T1 and T2 at the target is irrelevant.
· Whether source will send Handover Request to multiple other targets for the same UE like XN based CHO for NG as well is unclear
· Whether early data forwarding is needed is unclear.
Observation 6: Target does not know if time-based CHO needs to be configured to the UE with the addition of T1 and T2 IEs to source to target transparent container IE for NG based HO.
If time-based CHO configuration is needed for the UEs from the target for a NG based HO, then the target must be informed that time-based CHO should be configured. 
NG based HO signalling procedures should be enhanced to inform target that it is time-based CHO. Hence our proposal is to introduce CHO over NG with end to end signalling defined. 
Proposal 6: The new TI and T2 IEs should be added to “Conditional Handover Information Request” in source to target transparent container for NG based HO and discuss data forwarding aspects for NG based CHO
Proposal 7: Clarify in TS 38.300 that CHO is allowed over NG
Proposal 8: Send LS to SA2 if RAN3 agrees to introduce CHO over NG

Serving Cell Coverage Stop Time

In the last RAN3#117bis-e meeting exchange of Coverage Stop time for NTN cells over XN setup was discussed but couldn’t conclude. CRs R3-225989 to provide T1 and T2 for time-based CHO over Xn was agreed. In order to provide the coverage stop time (T2) for time based CHO configuration, the serving node needs to know prior to the time-based CHO configuration, the target node’s coverage stop time. This can be achieved in 2 ways – OAM or via XN Setup. 
Observation 7: To provide Start Time (T1) and duration (T2) for time-based CHO as per agreed CR R3-225989, the coverage stop time of neighbouring NTN cells should be known at the source node prior to handover initiation of time-based CHO.
	
Agree to add time information for time-based CHO, which includes a start time T1 and time duration T2, in Xn Handover Request message, taking R3-225580 as the starting point.




OAM option is available by default. However, in order to allow dynamicity of the NTN cells (especially earth moving cells) and inter vendor operability, our proposal is to share the Serving Cell Coverage Stop time for NTN Cells via XN Setup and Configuration Update procedure. The Serving Cell Coverage Stop time also assist in Feeder Link switch over to know when the gateway change happens. The source can prepare the UEs based on the serving cell coverage stop time. TP for TS 38.423 is provided in the end of this document.

Proposal 9:  Serving Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs for NTN cells to assist time-based CHO configuration.


Summary 

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

NTN Handover
Observation 1: When one Mapped Cell ID is associated to more than one Uu Cell ID due to earth moving cells, it is not possible for the target NG-RAN node to identify the target cell based on Mapped Cell ID.
Proposal 1: To use Uu Cell ID as Target Cell ID for NTN handovers over XN and NG interface 

Xn Setup and Config Update
Observation 2: Source NG-RAN can unambiguously identify the target based on measurement report from UE which contains Uu Cell ID, if Uu Cell ID is exchanged over XN Setup and Config Update messages.
Proposal 2: To use Uu Cell ID over XN Setup and Config Update messages for unambiguously identification of the target based on measurement report from UE which contains Uu Cell ID.

Cell ID for Xn based messages
Observation 3: Usage of Mapped Cell ID for few XN message and Uu Cell ID for other XN messages is complex, ambiguous and increases the work load of RAN3 to analyse different scenarios and capture them in the RAN3 specs
Observation 4: In TS 38.300 Section 16.14.5 only few scenarios are defined for usage of Mapped Cell ID. Which implies for the unspecified scenarios, the legacy behaviour of using Uu Cell ID is applicable.
Proposal 3: To keep the usage of Cell identifier simple and specify that Uu Cell ID will be used for all XN based messages.

Multiple TAC
Observation 5: Knowledge of TACs supported by neighbouring NG-RANs is needed at the source to comply with mobility restriction list from Core.
Proposal 4: Based on Proposal 2, along with the Uu Cell ID all the TACs supported by Uu Cell ID can be exchanged over XN Setup and Config Update messages

Applicability of XN for NTN
Proposal 5: Standards should allow flexibility for NTN deployments to use well defined legacy XN interface. If XN is not desired for certain deployments, then it can be disable via OAM. OAM option is always available.

CHO over NG
Observation 6: Target does not know if time-based CHO needs to be configured to the UE with the addition of T1 and T2 IEs to source to target transparent container IE for NG based HO.
Proposal 6: The new TI and T2 IEs should be added to “Conditional Handover Information Request” in source to target transparent container for NG based HO and discuss data forwarding aspects for NG based CHO
Proposal 7: Clarify in TS 38.300 that CHO is allowed over NG
Proposal 8: Send LS to SA2 if RAN3 agrees to introduce CHO over NG

Serving Cell Coverage Stop Time
Observation 7: To provide Start Time (T1) and duration (T2) for time-based CHO as per agreed CR R3-225989, the coverage stop time of neighbouring NTN cells should be known at the source node prior to handover initiation of time-based CHO.
Proposal 9:  Serving Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs for NTN cells to assist time-based CHO configuration.

Text Proposal

TS 38.423  

[bookmark: _Toc20955280][bookmark: _Toc29991477][bookmark: _Toc36555877][bookmark: _Toc44497599][bookmark: _Toc45107987][bookmark: _Toc45901607][bookmark: _Toc51850686][bookmark: _Toc56693689][bookmark: _Toc64447232][bookmark: _Toc66286726][bookmark: _Toc74151421][bookmark: _Toc88653894][bookmark: _Toc97904250][bookmark: _Toc98868337][bookmark: _Toc105174622][bookmark: _Toc106109459][bookmark: _Toc113825280]9.2.2.11	Served Cell Information NR
This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	NR CGI
	M
	
	9.2.2.7
	
	–
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code
	–
	

	RANAC
	O
	
	RAN Area Code
9.2.2.6
	
	–
	

	
<<<Skip Unchanged text>>>


	RedCap Broadcast Information
	O
	
	BIT STRING (SIZE(8))
	The presence of this IE indicates that the intraFreqReselectionRedCap IE is broadcast in SIB1 of the corresponding cell, see TS 38.331 [10].
Each position in the bitmap indicates which RedCap UEs are allowed access, according to the setting of RedCap barring indicators in SIB1, see TS 38.331 [10].
First bit = 1Rx, 
second bit = 2Rx, 
third bit = halfDuplex,
other bits reserved for future use. Value '1' indicates 'access allowed'. Value '0' indicates 'access not allowed”.
	YES
	ignore

	Extended NTN TAC List
	O
	
	9.2.3.X
	This IE is included to provide additional TACs supported for NTN cells 
	YES
	ignore

	Cell Coverage Stop Time
	O
	
	9.2.3.Y
	This IE is included to provide Cell coverage stop time for NTN cells 
	YES
	ignore




<<<Skip Unchanged text>>>


[bookmark: _Toc20955329][bookmark: _Toc29991532][bookmark: _Toc36555933][bookmark: _Toc44497678][bookmark: _Toc45108065][bookmark: _Toc45901685][bookmark: _Toc51850766][bookmark: _Toc56693770][bookmark: _Toc64447314][bookmark: _Toc66286808][bookmark: _Toc74151503][bookmark: _Toc88653976][bookmark: _Toc97904332][bookmark: _Toc98868446][bookmark: _Toc105174731][bookmark: _Toc106109568][bookmark: _Toc113825389]9.2.3.X	Extended NTN TAC List
This IE indicates the list of TACs supported by NTN cells.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	TAC Support Item
	
	1..<maxnoofsupportedTACs>
	
	
	–
	

	>TAC
	M
	
	9.2.2.5
	Additional TACs supported for NTN cells along with the TAC on top-level of
the Served Cell
Information NR IE
	–
	



	Range bound
	Explanation

	maxnoofsupportedTACs
	Maximum no. of TACs supported by an NG-RAN node for NTN cells. Value is 256.




9.2.3.Y	Cell Coverage Stop Time
This IE indicates the coverage stop time for NTN cells.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Coverage stop Timestamp
	M
	
	OCTET STRING (SIZE(4))
	UTC time encoded in the same format as the first four octets of the 64-bit timestamp format as defined in section 6 of IETF RFC 5905 [37]. It indicates the end time of the serving cell coverage.
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