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1	Introduction
Need for additional rule for construction of NCGI and TAI was discussed at RAN3#105bis. The discussion was riggered by [1] describing an operator deployment case, and [2] proposing Rel-15 stage 2 clarification.
Summary of discussion can be found in [3]. In this paper we look further at the two solutions captured in [3].
2	Discussion
Two technical problems should in our view be considered in the definition of construction rules for NCGI and TAI. The first problem is that the available numbering space for TAC, gNB IDs and cell IDs are limited per PLMN-ID. While the intercorrelation between numbering spaces for gNB IDs and cell IDs opens for some operator specific adaptations in terms of length of the gNB ID portion within the cell ID, operators may still prefer to use the same gNB ID length within their network or per PLMN-ID hence leaving portions of the total numbering space unused. Such choice may be motivated by its simplicity. From the point of view of standards, the numbering space available for gNB ID, cell ID and TAC should anyway be considered as a limited resource.

The second problem is to ensure that TAI can be used for inter-CN and inter-AMF routing of TNL discovery requests (for ANR) and inter-system and inter-AMF handover requests, and also ensure that the gNB ID can be used for intra-AMF routing in an inter-vendor compatible manner.

Observation 1: Construction rules for NCGI, Global gNB ID and TAI should preserve the available numbering space and enable routing within the core network in an inter-vendor compatible manner.

The summary of discussion [3] describes two potential solutions requiring further analysis:
· Solution 1 – No further NCGI construction rule is needed
· Solution 2 – Constructing NCGI with the first PLMN entry pointing to the cell identity in SIB1

On top of this, it seems reasonable to analyse a third solution:
· Solution 3 – Constructing NCGI with any of the PLMN entries pointing to the cell identity in SIB1

Based on the discussion in [3], solutions for construction of the Global gNB ID and TAI should also be considered, and probably be aligned on the construction rule used for the NCGI.

As highlighted in [3], the following rules for use of PLMN-IDs are currently defined in TS 38.300:
-	NR Cell Global Identifier (NCGI): used to identify NR cells globally. The NCGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell.
-	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.
-	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) of the Tracking Area.
From the above, it can be seen that the same PLMN-ID is included in the Global gNB ID and in the NCGI. It is also stated in TS 38.300 clause 4.6: “Each Cell Identity associated with a subset of PLMNs identifies its serving NG-RAN node.”. These sentences from the stage 2 specification link the Global gNB ID and the NCGI together, and the NCGI therefore contains the PLMN-ID and the gNB ID used in the Global gNB ID. 

Observation 2: Current stage 2 specification links the Global gNB ID and the NCGI together, and the NCGI therefore contains the PLMN-ID and the gNB ID used in the Global gNB ID

This is illustrated in the figure below for the case where multiple cell IDs are broadcast in SIB1. In this figure, the subsets of the broadcast PLMN-IDs to which each of the broadcast cell IDs are associated are represented in columns, and as a consequence of the link between the Global gND ID and the NCGI, each column represents a logical gNB.


Figure 1: The elements in the table correspond to PLMN-IDs broadcast in SIB1 (RRC PLMNIdentifyInfoList IE).

Solution evaluation:

Solution 1 – No further NCGI construction rule is needed:
A careful reader may deduce from current specification that only PLMN-IDs pointing to the cell ID (i.e. belonging to the same column in Fig. 1) are eligible for construction of the NCGI. But construction of NCGI also impacts construction of Global gNB ID and TAI, used for routing, so we believe that NCGI construction rule should be explicitly stated in the specification.

Solution 2 – Constructing NCGI with the first PLMN entry pointing to the cell identity in SIB1:
This provides a clear and non-ambiguous construction rule. It also has the advantage of providing continuity with the legacy construction rule based on primary PLMN-ID. Furthermore, numbering spaces under each PLMN-ID are kept independent, hence avoiding unnecessary loss of numbering space.

Solution 3 – Constructing NCGI with any of the PLMN entries pointing to the cell identity in SIB1:
With this solution, the network could use any of the PLMN-IDs in the same column in Fig. 1 to construct e.g. the target Global gNB ID to be used as target node for handover. Although also this approach may provide a sufficiently clear construction rule, routing algorithms in the core network will need to take into account the resulting ambiguity in particular for the Global gNB ID. Interconnection of numbering spaces under different PLMN-IDs also result in loss of numbering space.

It is therefore proposed to adopt solution 2, with corresponding alignment of construction rule for Global gNB ID and TAI. In this way, the PLMN-IDs in the first row of the table in Fig. 1 is used for construction of Global gNB ID, NCGI and TAI.

Proposal: Adopt solution 2 (constructing NCGI with the first PLMN entry pointing to the cell identity in SIB1), with corresponding alignment of construction rules for Global gNB ID and TAI.

For the NCGI definition update in TS 38.300 we would like to propose:

-	NR Cell Global Identifier (NCGI): used to identify NR cells globally. The NCGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell. The included PLMN identity is the first PLMN identity broadcast for this NCI in SIB1.

3	Conclusion
We have observed:
Observation 1: Construction rules for NCGI, Global gNB ID and TAI should preserve the available numbering space and enable routing within the core network in an inter-vendor compatible manner.

Observation 2: Current stage 2 specification links the Global gNB ID and the NCGI together, and the NCGI therefore contains the PLMN-ID and the gNB ID used in the Global gNB ID

And we propose:

Proposal: Adopt solution 2 (constructing NCGI with the first PLMN entry pointing to the cell identity in SIB1), with corresponding alignment of construction rules for Global gNB ID and TAI.

A text proposal for the NCGI definition update is included above.
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