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Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) [1] has been approved and revised with the following objectives:
•	Verify the applicability of existing Rel-16 ANR techniques to solve PCI confusion in order to support co-channel operation between HAPS & terrestrial networks and develop enhancements if needed [RAN2/3]

Additionally, a separate related RAN3 topic regarding architecture enhancements:
•	cell relation handling and related features e.g. neighbours, ANR, RAN paging …
In this contribution, we discuss our views related to ANR (Automatic Neighbour Relations) enhancements and make some observations and proposals.
Discussion
ANR is a key concept in SON (Self Organizing Networks). TS 38.300 [3] describes the ANR function that resides in the gNB and manages the Neighbour Cell Relation Table (NCRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.
An existing NCR from a source cell to a target cell means that gNB controlling the source cell:
a)	Knows the global and physical IDs (e.g. NR CGI/NR PCI, ECGI/PCI) of the target cell.
b)	Has an entry in the NCRT for the source cell identifying the target cell.
c)	Has the attributes in this NCRT entry defined, either by OAM or set to default values

[image: ]
[bookmark: _Ref59520256]Figure 2‑1 Automatic Neighbour Relation Function
The Figure 2‑1 above depicts an example where the NG-RAN node serving cell A has an ANR function. In RRC_CONNECTED, the NG-RAN node instructs each UE to perform measurements on neighbour cells. The NG-RAN node may use different policies for instructing the UE to do measurements, and when to report them to the NG-RAN node. This measurement procedure is as specified in TS 38.331 and TS 36.331.
1.	The UE sends a measurement report regarding cell B. This report contains Cell B's PCI, but not its NCGI/ECGI.
When the NG-RAN node receives a UE measurement report containing the PCI, the following sequence may be used.
2.	The NG-RAN node instructs the UE, using the newly discovered PCI as parameter, to read all the broadcast NCGI(s) /ECGI(s), TAC(s), RANAC(s), PLMN ID(s) and, for neighbour NR cells, NR frequency band(s). To do so, the NG-RAN node may need to schedule appropriate idle periods to allow the UE to read the NCGI/ECGI from the broadcast channel of the detected neighbour cell. How the UE reads the NCGI/ECGI is specified in TS 38.331 and TS 36.331.
3.	When the UE has found out the new cell's NCGI(s) /ECGI(s), the UE reports all the broadcast NCGI(s)/ECGI(s) to the serving cell NG-RAN node. In addition, the UE reports all the tracking area code(s), RANAC(s), PLMN IDs and, for neighbour NR cells, NR frequency band(s), that have been read by the UE. In case the detected NR cell does not broadcast SIB1, the UE may report noSIB1 indication as specified in TS 38.331.
4.	The NG-RAN node decides to add this neighbour relation, and can use PCI and NCGI(s)/ECGI(s) to:
a.	Lookup a transport layer address to the new NG-RAN node.
b.	Update the Neighbour Cell Relation List.
c.	If needed, setup a new Xn interface towards this NG-RAN node.
	
It is possible for the above procedures to be leveraged for certain NTN scenarios. For example, there is the distinct possibility for earth-moving NTN cells (NGSO, e.g., LEO and MEO) and newly deployed HAPS to unintentionally create the following PCI conflict scenarios as these cells may come in close proximity to TN cells, or other NGSO or GEO cells/platforms:
· Cell A and Cell B, each with the same PCI, become neighbours that results in a PCI collision.
· Cell A and Cell B, each with the same PCI, become neighbours with Cell C and results in PCI confusion.
There should be some mitigation for these scenarios in a dynamic fashion as the PCI conflicts may result in RLF/HO failures.

Observation 1:  Characteristics of NTN deployments (e.g., earth-moving cells and HAPS) may lead to PCI confusion and PCI collision as mentioned in TR 38.821 and the NTN work item.
Observation 2:  Existing ANR procedures can be used as a baseline to address PCI conflicts (PCI confusion and collision) for NTN scenarios. 

Enhancements to these existing ANR techniques and procedures should be investigated, including methods to update and manage the NCRT, with consideration for NTN platform characteristics.

Specifically, Figure 2-2 below illustrates a potential procedure to update and manage the NCRT, detect PCI conflicts such that OAM network elements may be able to resolve and update PCIs dynamically and/or change the PCI over time/earth-fixed geographic areas.



Figure 2-2 Possible ANR enhanced procedure
The figure above, depicts an example where the NTN NG-RAN node serving cell A is configured for an NTN platform and has an ANR function. 
1. In RRC_CONNECTED, the NTN cell/gNB, instructs each NTN-capable UE to perform measurements on neighbour cells. The NTN node may use different policies for instructing the UEs to do measurements, and when to report them to the NTN node. This specific measurement procedure would be specified in RRC.
2. a/b. The UE scans all configured channels and decodes the SSBs of NTN and TN cells (Cell B and Cell C and Cell n).
3. The UE sends a measurement report regarding cell B and cell C. This report contains Cell B's PCI, but not its NR Cell Global Identifier (NCGI)/ E-UTRAN Cell Global Identifier (ECGI). The report contains the associated RSRP/RSRQ of each cell and potentially the indication of PCI conflicts. The PCI conflict may also be identified by the ANR function of the gNB.
4. When the NTN node receives a UE measurement report containing the PCI(s), the following sequence may be used:
· The NTN node instructs the UE with a Report Global CID Request, using the newly discovered PCI as parameter, to read all the broadcast NCGI(s) /ECGI(s), TAC(s), RANAC(s), PLMN ID(s) and, for neighbour NR cells, NR frequency band(s). 
· To do so, the NTN node may need to schedule appropriate idle periods to allow the UE to read the NCGI from the broadcast channel of the detected neighbour cell. 
5. a/b. The UE has found out the new cell's NCGI(s) by UE reading all the broadcast NCGI(s) by decoding the BCCH.
6. The UE reports to the serving cell NTN node, the global CID(s). In addition, the UE reports all the tracking area code(s), RANAC(s), PLMN IDs and, for neighbour NR cells, NR frequency band(s), that have been read by the UE.
7. The NTN node determines that an update of the neighbour relation table is necessary (for NTN cells can include location, UTC time and other NTN platform characteristics), and can use PCI and NCGI(s) to:
· Lookup a transport layer address to the new cell.
· Update the Neighbor Cell Relation List.
· If needed, setup a new Xn interface towards this NTN cell/gNB
· If needed, OAM may be configured to resolve the identified PCI conflicts and cell(s) may be reconfigured with a new, temporary, or alternate PCI.

Similarly, as the ANR procedures could be enhanced for NTN configurations, also the NCRT should also be enhanced with the unique attributes of NGSO earth-moving NTN cells. 
Based on this interaction, the NCRT in the case of NTN, can be envisioned to be time based as the orbits of NGSO NTN cells are generally in a predictable orbit. Thereby, multiple NCRT tables may be managed by the OAM and gNB for given times of day or a single NCRT may have entries with a validity time/timer. See the simple table below for an example of NCRT with time aspects. In these cases, gNB could have the ability to exclude some neighbours. This may be based on the satellite ephemeris of the serving NTN cell and neighbours.

Table 2-1 NCRT with NTN attributes
	Neighbour Cell Relation
	OAM controlled attributes

	NCR
	PCI
	No Remove
	No HO
	No Xn
	t1-t2

	1
	PCI 1
	
	
	
	0:10 – 0:20

	2
	PCI 1
	
	X
	
	0:20 – 23:59

	3
	PCI 2
	
	
	X
	



Additionally, OAM may configure some NTN or TN cells with an alternate, temporary PCI only in certain geographic areas/times that are known to produce PCI conflicts based on ANR/SON procedures, due to the orbital characteristics of an NTN cell. 
It is important to note that some of these ANR functions and potential enhancements could fall under the scope of RAN3.

Observation 3:  Existing ANR procedures can be enhanced with taking NTN platform characteristics into account.
Observation 4:  Some of the scope of ANR enhancement techniques may be in scope of both RAN2 and RAN3 and require some level of coordination. 
Proposal 1:  RAN2 agree to further investigate enhancements to existing ANR techniques to address NTN cells creating PCI conflicts.

Conclusion
In this contribution, we discuss our views related to ANR enhancements in NTN environments and make the following observations and proposals:
Observation 1:  Characteristics of NTN deployments (e.g., earth-moving cells and HAPS) may lead to PCI confusion as mentioned in TR 38.821 and the NTN work item.
Observation 2:  Existing ANR procedures can be used as a baseline to address PCI conflicts (PCI confusion and collision) for NTN scenarios. 
Observation 3:  Existing ANR procedures can be enhanced with taking NTN platform characteristics into account.
Observation 4:  Some of the scope of ANR enhancement techniques may be in scope of both RAN2 and RAN3 and require some level of coordination. 

Proposal 1:  RAN2 agree to further investigate enhancements to existing ANR techniques to address NTN cells creating PCI conflicts.
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