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Introduction
The Rel-16 study item “Study on solutions for NR to support non-terrestrial networks (NTN)” (WI # 800099 - FS_NR_NTN_solutions) was successfully concluded in December 2019.
The objectives for this study item, cf. RP-190710, contained a point for RAN3 regarding architecture aspects, specifically mentioning the handling of network identities, such as paging procedure adaptations in case of moving satellite foot prints or cells.
The results of the study were captured in TR 38.821. Clause 8.5 reports on network identities handling. 
According to the latest WID of Rel-17 work item “Solutions for NR to support non-terrestrial networks (NTN)” (WI # 860046 - NR_NTN_solutions) in RP-201256, approved at RAN#88e, the following RAN3 objectives were identified:
NG-RAN architecture enhancements on
· network identities handling
· registration update and paging handling
· cell relation handling and related features e.g. neighbours, ANR, RAN paging …
Another related objective was identified, but classified as a second priority objective:
Control plane procedure enhancements
· 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]
The following working assumptions, reducing the scope of the work item, are stated in the following: 
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

At the RAN3#109-e meeting the following agreements regarding network identities handling were made:

Current NG-RAN architecture is reused for NTN
NG-RAN identities are used for NTN, e.g.:
· AMF Name
· NR Cell Global Identifier (NCGI)
· gNB Identifier (gNB ID)
· Global gNB ID
· Tracking Area identity (TAI)
· Single Network Slice Selection Assistance information (S-NSSAI)
Tracking Area is coupled with geographical area
WA: no need to differentiate a TA that contains NTN cells (fixed and/or moving) from a TA which does not
No need to identify LEO satellite and NTN GW
Other agreements from the RAN3#109-e meeting include the following:
Existing paging mechanism is taken as baseline. Paging enhancements are FFS (e.g. using location information, etc.)
Existing registration mechanism is taken as baseline. Further discussion and coordination with SA2/RAN2 are needed.
Current ANR mechanisms are applicable for NTN 
No need of enhancements for solving PCI conflict (collision & confusion) with satellite in Rel-17 NTN-WID. (e.g. including between different constellations)
This contribution gives a summary of network identities handling and how this topic has been discussed within the NTN study item phase. The document is further revised based on the agreements from RAN3#109-e.
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TR 38.821 already distinguished between GEO based and Non-GEO based NTN. The following reference scenarios were discussed.
Table 1: Reference scenarios
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



In case of GEO based NTN (Scenario A and B), the satellites are stationary with respect to the Earth’s surface, similar to terrestrial base stations. In consequence, it was concluded that there are no modifications required with regard to the handling of network identities in case of GEO based NTN. Explicitly mentioned were the following network identities: gNB ID, cell ID, TAC. Note that it was not clarified whether cell ID refers to PCI or NCI. In this document we assume that cell ID refers to NCI. 
In order to complete the list of possibly affected network identities, an overview on NG-RAN network identities from Clause 8.2 of TS 38.300 [3] is copied below and extended with some further definitions and  envisaged message sizes:
Access and Mobility Management Function (AMF) Name: 
used to identify an AMF => probably not relevant for RAN3.
NR Cell Global Identifier (NCGI):
used to identify NR cells globally. The NCGI is constructed from the PLMN (consisting of mobile country code MCC (three digits) and mobile network code MNC (three digits)) identity the cell belongs to and the NR Cell Identity (NCI) of the cell. 
NR Cell Identity (NCI):
used to identify NR cell within a PLMN. The leftmost bits of the NR Cell Identity IE (Information Element) correspond to the gNB ID. The NCI has a fixed length of 36 bits.
NR PCI (NPCI):
used to identify physical cell ID of a cell served by an NR node. The range of NR PCI is from 0 to 1007.
gNB Identifier (gNB ID):
used to identify gNBs within a PLMN. The gNB ID is contained within the NCI of its cells.
Global gNB ID:
used to identify gNBs globally. The Global gNB ID is constructed from the PLMN identity the gNB belongs to and the gNB ID. The MCC and MNC are the same as included in the NCGI. The Global gNB ID has up to 32 bits.
Tracking Area Identity (TAI):
used to identify tracking areas. The TAI is constructed from the PLMN identity the tracking area belongs to and the TAC (Tracking Area Code, 24 bits) of the Tracking Area.
Single Network Slice Selection Assistance information (S-NSSAI):
identifies a network slice. The maximum number of signaled slice support items is 1024.
Network Identifier (NID):
identifies a Stand-alone Non-Public Network (SNPN) in combination with a PLMN ID. The NID uses 11 hexadecimal digits.
Closed Access Group (CAG) Identifier:
identifies a CAG within a PLMN. The CAG uses 32 bits.
Further details can also be found in specifications TS 38.413 and TS 23.003.
Observation 1: The list of network identities encompasses gNB ID, NCGI, NCI, NPCI, TAC, TAI, NID, and CAG ID.
In case of Non-GEO based NTN (Scenario C and D), the network identities may provide additional challenges, because their coverage may move due to their orbital movement. TR 38.821 reports on two options on how to associate logical network identifiers to physical satellite beams.
In the first option, the association between physical satellite beams and logical cells is continuously reconfigured so that the same network identities (gNB ID, NCI and TAC) are always associated with the same geographical area ("Stationary identifiers on ground").
The second option would use a fixed association between physical satellite beams and logical cells, such that the network identifiers (gNB ID, NCI and TAC) follow the satellite beam(s) and "sweep" across the coverage area ("Moving identifiers on ground").
Both options are described in TR 38.821 including their respective impact on the network.
Considering the TAC, several options were discussed during the study phase. A common understanding was reached that the TAC shall define a geographical area fixed on ground, cf. Clause 7.3.1.3.3 in TR 38.821; Fixed Tracking Area is recommended for the WI phase.
Whereas stationary identifiers on ground would require more frequent configuration updates, moving identifiers may result in PCI conflicts due to changing neighbor relations and hence affect current mechanisms like the automatic neighbor relation (ANR).
Possible PCI conflicts are namely PCI collision and PCI confusion. PCI collision describes the situation between two cells sharing the same PCI as direct neighbors. PCI confusion on the other hand describes the situation when a third cell is a neighbor of two cells sharing the same PCI. Results of these conflicts may be radio link failures or handover failures. 
The network identities: gNB ID and cell ID have been previously discussed and the issue of PCI conflicts and collision has been identified, but is has been agreed that there is no need for enhancements for solving this issue within the Rel-17 NTN WI.
TR 38.821 presents two methods on how to prevent PCI conflicts. First one being, to assign unique PCIs in case there are less cells than PCIs or use some sort of group partitioning that is not explained in detail. The second method being a re-planning/re-mapping of PCIs in case of occurring PCI conflicts. This second method should be feasible as the satellite orbits, their movements and hence their neighbor relations can be well predicted in advance.
The working assumptions presented in the introduction narrow down the possible options for reference scenarios in the Rel-17 WI. Excluding regenerative payloads, i.e. scenarios B and D, reduces the scope to transparent satellites only, while at the same time excluding possible options of CU/DU split unless both parts are located on ground, the possibility of inter-satellite links (ISL), and IAB support in space.
Observation 2: The scope for further studies has been reduced to transparent satellites only, excluding possible options of CU/DU split unless both parts are located on ground, the possibility of inter-satellite links (ISL), and IAB support in space.
Further, at least regarding tracking area management, moving identifiers on ground are precluded in the work item, which was already recommended by RAN2 as captured in TR 38.821. Recalling the main objective of tracking area management being the minimization of radio resources for paging, the impact of more frequent configuration updates should be carefully studied. 
In contrast to broadcasting a single TAI as suggested in TR 38.821 Clause 8.2.2.2, a multiple TAI and/or Cell ID broadcast could mitigate frequent registration area updates especially in case of stationary UEs at the cell edge as discussed in Clause 8.1.2.2 and Clause 8.2.2.3. A further solution proposes a periodic registration area update without providing many details. All of these solutions are assuming that the UE is not capable to determine its location or at least do require this information as was agreed as baseline in RAN3#109-e.
Observation 3: The network identities TAC and TAI have been studied and two new solutions, i.e. multiple TAI and periodic registration area update have been introduced.
Proposal 1: RAN3 to decide whether the previously introduced solutions for TAC/TAI of multiple TAIs and/or periodic registration area update are valid solutions or need further study in coordination with RAN2.
According to our understanding, there are currently no changes to the NG-RAN identities required. In addition, it seems that there are no further identities specifically necessary for NR-NTN.
Conclusion
The following observations and proposals are described in this document:
Observation 1: The list of network identities encompasses gNB ID, NCGI, NCI, NPCI, TAC, TAI, NID, and CAG ID.
Observation 2: The scope for further studies has been reduced to transparent satellites only, excluding possible options of CU/DU split unless both parts are located on ground, the possibility of inter-satellite links (ISL), and IAB support in space.
Observation 3: The network identities TAC and TAI have been studied and two new solutions, i.e. multiple TAI and periodic registration area update have been introduced.
Proposal 1: RAN3 to decide whether the previously introduced solutions for TAC/TAI of multiple TAIs and/or periodic registration area update are valid solutions or need further study in coordination with RAN2.
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