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Introduction
In the R3#119bis-e meeting, we achieved some agreements:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]WA: Uu Cell ID is used to be exchanged via Xn Setup and Configuration Update procedure.
Confirm to add the handover window start and duration IEs to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE.
Confirm to enhance the early data forwarding with data discarding for NG HO. FFS on details, e.g. Introduce a DL discarding related IE in Early Status Transfer Transparent Container IE.
RAN3 understands a source gNB can only prepare one potential target cell for NG HO as stated in TS38.413.
Do not exchange TAC(s) over Xn for NTN, solution to be further discussed.
Continue on working on stage2 TP and stage3 TPs based on agreements.

This contribution discusses the RAN3-related aspects of the Mobility and Service Continuity Enhancements in NR NTN.
Discussion
Discussion on WA: Uu Cell ID is used to be exchanged via Xn procedure
WA: Uu Cell ID is used to be exchanged via Xn Setup and Configuration Update procedure.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Using Uu Cell ID or Mapped Cell ID via Xn Setup and Configuration Update procedures had been discussed in several previous meetings. In the email discussion of the last meeting (RAN3#119bis-e), 10/13 companies prefer Uu Cell ID, 2/13 companies prefer Mapped Cell ID, and 3/13 companies prefer no need to specify the Cell ID usage.
For the handover procedure, the Uu Cell ID was agreed to indicate the target cell since the Uu Cell ID could identify the target cell without confusion. Noted that NR CGI IE in Xn HANDOVER REQUEST and HANDOVER REQUEST ACKNOWLEDGE messages correspond to the target cell ID (i.e. Uu Cell ID).
For the Xn procedure, XN SETUP REQUEST and XN SETUP RESPONSE messages include List of Served Cells NR IE; NG-RAN NODE CONFIGURATION UPDATE message contain Served Cells To Update NR IE. The NR CGI IE is utilised to show the cell IDs in both List of Served Cells NR IE and Served Cells To Update NR IE. The NR CGI IE is defined in 38.423 that:	
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.2.2.1).


， where the leftmost bits of the NR Cell Identity IE correspond to the gNB ID. 
We give an example in Figure 1. The UE is served by gNB1 Uu Cell #2 and is located in the Geo area corresponding to Mapped Cell #A. In addition, the Geo area corresponding to Mapped Cell #A also covered by gNB2 Uu Cell#3. 
If the Mapped Cell ID#A is used as a served cell in the Xn procedure, the Geo area corresponding to Mapped Cell ID #A is covered by two gNBs, which will introduce confusion in determining the NR Cell Identity IE. Therefore, using Uu Cell ID to indicate serving cell ID is clear.
[image: ]
Figure 1: An example case of the Xn procedure
[bookmark: _GoBack]Moreover, in the EMC case, the relationship between the gNB and Geo varies with time. Consequently, the NR Cell Identity IE will change, and frequently triggering the Xn Update procedure.
Observation 1：The Mapped Cell ID will introduce confusion when two gNBs cover a Geo area corresponding to a Mapped Cell ID.
Observation 2：In the EMC case, the relationship between the gNB and Geo varies with time. Consequently, the NR Cell Identity IE will change, frequently triggering the Xn Update procedure.
Proposal 1：Turning “WA: Uu Cell ID is used to be exchanged via Xn Setup and Configuration Update procedure” to an agreement.

Discussion on the early data forwarding enhancement for NG HO
Confirm to enhance the early data forwarding with data discarding for NG HO. FFS on details, e.g. Introduce a DL discarding related IE in Early Status Transfer Transparent Container IE.
In the last meeting, all companies acknowledged that an enhancement is required for early data forwarding.
[bookmark: OLE_LINK26]For current NTN Xn-CHO, the RRCReconfiguration message is sent in advance, and the EARLY STATUS TRANSFER is expected to apply to discard the transmitted data from the Source gNB to UE. 
However, for NGAP HO, there is Early Status Transfer Transparent Container IE contained in Uplink RAN Status Transfer and Downlink RAN Status Transfer IE. This Early Status Transfer Transparent Container IE only applies to NG-DAPS, i.e. have no data discarding function for NG-CHO.
Consequently, the Source gNB will transmit data to Target gNB just after RRCReconfiguration Message sends to UE. Then, the Target gNB has to buffer the data from Source gNB without the buffered data discarding mechanism. So, the Target gNB must buffer the data that Source gNB delivered. After UE successfully accesses Target gNB, all the buffered data during the NG-CHO in Target gNB will be transmitted to UE, which is repeated.
The problem is apparent right now:
a) The Target gNB buffers the data during NG-CHO from Source gNB, which is extensive data and challenging for Target gNB. 
b) A long-time data forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
These are the reasons why an enhancement is needed to solve this problem.
As Early Status Transfer Transparent Container IE is supported for NG-DAPS, it is straightforward to apply it to NG-CHO. Therefore, Early Status Transfer Transparent Container IE is suggested to support NG-CHO.
Observation 3: The problems of time-based trigger NG-HO are:
a) The Target gNB buffers a large amount of the data from Source gNB, which is challenging for Target gNB. 
b) A long-time data forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
Proposal 2: Early Status Transfer Transparent Container IE is suggested to support NG-CHO.

Discussion on TAC(s) exchanging over Xn
Do not exchange TAC(s) over Xn for NTN; the solution will be further discussed.
For earth-moving cases, the satellite moves over the ground while TACs correspond to a fixed area on the ground, so one Uu cell will cover two or more TAC areas simultaneously in some cases. If the Uu cell ID is agreed to present cell ID in Xn Setup/Update procedures, the Uu cell ID will associate with multiple TACs, which means a TAC list should be able to exchange over Xn. Due to the fast-moving of LEO/MEO, the TAC list will update in high frequency, significantly increasing the overhead used for Xn update.
[bookmark: OLE_LINK34]The exchanging of TAC aims to update the TACs of serving cells and neighbour cells, and the updated TACs can be used for mobility. In the mobility procedure, the source gNB will send a HANDOVER REQUEST message to the target gNB, and Mobility Restriction List IE is included to indicate the mobility restriction and listed below: 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Forbidden Area Information
	
	0..<maxnoofPLMNs>
	
	This IE contains Forbidden Area information specified in TS 23.501 [7].
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>Forbidden TACs
	
	1..<maxnoofForbiddenTACs>
	
	
	–
	

	>>TAC
	M
	
	9.2.2.5
	The TAC of the forbidden TAI.
	–
	

	Service Area Information
	
	0..<maxnoofPLMNs>
	
	This IE contains Service Area Restriction information specified in TS 23.501 [7].
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>Allowed TACs
	
	0..<maxnooAllowedAreas>
	
	
	–
	

	>>TAC
	M
	
	9.2.2.5
	The TAC of the allowed TAI.
	–
	

	>Not Allowed TACs
	
	0..<maxnooAllowedAreas>
	
	
	–
	

	>>TAC
	M
	
	9.2.2.5
	The TAC of the not-allowed TAI.
	–
	


Where the updated serving cell TACs decide the Forbidden TACs IE and Not Allowed TACs IE. Forbidden TACs IE will give the TACs that UE can not access; Not Allowed TACs IE gives the TACs that UE can access the network without service. If these two IEs are not contained in the HANDOVER REQUEST message, the target NG-RAN node shall consider that no roaming and access restriction apply to the UE. Therefore, these two IEs impact that source gNB decides the target gNB for UE. Therefore, not exchanging TAC will lead to some problem mobility problems; for example, the source gNB will choose a target gNB that the UE can not access or provide service to the UE.
Moreover, if exchanging of TAC(s) over Xn is not allowed for NTN, TAC will not be transmitted in the Xn Setup, Xn Config Update and Xn handover procedures. The TAC IE is mandatory for the Served Cell Information NR IE, and the Served Cell Information NR IE is mandatory in the Xn Setup procedure. Therefore, stopping exchanging TAC IE will lead to the Xn Setup procedure failure, which is unacceptable. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]For the Served Cells To Update NR, IE is optional for the Xn Config Update procedure. Mobility Restriction List IE is optional for the Xn Handover procedure, and stopping exchanging TAC IE in these two procedures seems possible. Also, the Xn Update procedure seems useless in NTN when the update TAC(s) is not exchanged between gNBs. Therefore, it can avoid Xn updating frequently, which reduces the overhead of the Xn Update procedure.
In summary, there are pros and cons to these two options:
	
	Pros
	cons

	Exchanging TAC list over Xn
	No potential issues due to gNB will update TAC(s) frequently.
	The significant overhead of the Xn Config Update message is due to TAC(s) updating frequently.

	Do not exchange TAC(s) over Xn.
	Potential mobility issue due to Mobility Restriction List IE can not be exchanged.
The Xn Setup procedure may be a failure.
	 TAC(s) update will not introduce overhead cost to Xn Config Update.


We prefer to support not exchanging TAC(s) over Xn Config Update and Handover procedure but not for the Xn Setup procedure since good cell planning by NTN network operators can minimise the potential mobility issue. In addition, the trace and neighbours of the satellite are known in gNB for NTN, so gNB has the space to minimise the influence of this problem.
Observation 4: The TAC IE is mandatory for the Served Cell Information NR IE, and the Served Cell Information NR IE is mandatory in the Xn Setup procedure. Therefore, stopping exchanging TAC IE will lead to the Xn Setup procedure failure, which is unacceptable.
Observation 5: For the Served Cells To Update NR, IE is optional for the Xn Config Update procedure. Mobility Restriction List IE is optional for the Xn Handover procedure, and stopping exchanging TAC IE in these two procedures is possible.
Observation 6: The Xn Update procedure seems useless in NTN when the update TAC(s) is not exchanged between gNBs. Therefore, it can avoid Xn updating frequently, which reduces the overhead of the Xn Update procedure.
Proposal 3: We prefer to support not exchanging TAC(s) over Xn Config Update and Handover procedure but not the Xn Setup procedure, and TAC(s) updates do not trigger the Xn Config Update procedure. 

Conclusion and Proposal
Our proposals are summarised below.
Observation 1：The Mapped Cell ID will introduce confusion when two gNBs cover a Geo area corresponding to a Mapped Cell ID.
Observation 2：In the EMC case, the relationship between the gNB and Geo varies with time. Consequently, the NR Cell Identity IE will change, frequently triggering the Xn Update procedure.
Observation 3: The problems of time-based trigger NG-HO are:
a) The Target gNB buffers a large amount of the data from Source gNB, which is challenging for Target gNB. 
b) A long-time data forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
Observation 4: The TAC IE is mandatory for the Served Cell Information NR IE, and the Served Cell Information NR IE is mandatory in the Xn Setup procedure. Therefore, stopping exchanging TAC IE will lead to the Xn Setup procedure failure, which is unacceptable.
Observation 5: For the Served Cells To Update NR, IE is optional for the Xn Config Update procedure. Mobility Restriction List IE is optional for the Xn Handover procedure, and stopping exchanging TAC IE in these two procedures is possible.
Observation 6: The Xn Update procedure seems useless in NTN when the update TAC(s) is not exchanged between gNBs. Therefore, it can avoid Xn updating frequently, which reduces the overhead of the Xn Update procedure.

Proposal 1：Turning “WA: Uu Cell ID is used to be exchanged via Xn Setup and Configuration Update procedure” to an agreement.
Proposal 2: Early Status Transfer Transparent Container IE is suggested to support NG-CHO.
Proposal 3: We prefer to support not exchanging TAC(s) over Xn Config Update and Handover procedure but not the Xn Setup procedure, and TAC(s) updates do not trigger the Xn Config Update procedure. 
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