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1. Introduction
In last meeting, RAN3 sent a LS to RAN2 to confirm whether to broadcast the gNB ID length is feasible or not in rel-17.  RAN3 also agreed to continue the study of the network signalling based solution, as stated in the LS (“RAN3 is studying whether a network-based solution could fulfil the established requirements. This could be useful to enable gNB-ID disambiguation in networks where UEs capable of gNB-ID detection over System Information Block are not present”).
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we provide the detailed analysis on the network signalling based solution, especially, proving how it can achieve the same flexibility as the broadcasting solution.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Background
In NR ANR, when one node detects the PCI of one new neighbor cell, the node needs to request the TNL information of the neighbor node serving the new detected cell via the AMF in order to set up the Xn with this neighbor node. But before that the requesting node needs to know the gNB ID of the neighbor node. Therefore the node requests the UE to report the CGI (i.e. combination of PLMN Identity and NR Cell Identity) of this detected cell. According to the TS 38.413, the gNB ID length is flexible. The gNB ID is equal to the MSBs (22 to 32 bits) of the NR Cell Identity (36 bits). In R15, it is up to the implementation for the requesting node to decide the gNB ID length. For example, the gNB ID length is fixed per PLMN or per network.
In the past meetings, RAN3 has confirmed that the use of flexible gNB-ID lengths within the same network is beneficial to address the cases of ANR, RAN sharing, and gNB-ID exhaustion. The motivation is that the operators can configure the flexible gNB-ID lengths based on the requirements.
In order to enable the flexible gNB-ID lengths, the network needs to deduce the gNB-ID based on the CGI reported from the UE. According to the discussion in the past meetings, there are three solutions
· [bookmark: OLE_LINK99][bookmark: OLE_LINK100]Solution 1: Network signalling based solution
· Solution 2: OAM based solution
· Solution 3: Broadcasting the gNB ID length within system information blocks (possibly in cellAccessRelatedInfo IE in SIB1).
In solution 1, one option is that the requesting gNB indicates the detected cell ID to the AMF. The mechanism is based on the AMF’s ability to match an NR Cell ID with the gNB IDs of gNBs connected to the AMF. The AMF identifies the target gNB ID by matching the longest possible gNB ID with the MSB of the detected cell ID. 
In solution 2, the OAM configures the gNB-ID lengths per network or per PLMN or the cell ID value range implicitly gives gNB id length per network or per PLMN. 
In solution 3, the SIB of each cell broadcasts the gNB ID length. In ANR, the UE reports the CGI and the gNB ID length of the detected cell ID. Then the requesting gNB can know the gNB ID of the detected cell ID. 
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]2.2 Clarification on the flexibility level of the gNB ID length
During the discussion of last meeting, the network signalling based solution was challenged that it may not work in some flexibility levels, for example, enlarging a gNB to support more cells by shortening its gNB ID, or a parent gNB with short gNB ID wants to use some cell IDs which should be under the ID space if its child node with a longer gNB ID.
Therefore, it is beneficial to clarify and confirm the flexibility level of the gNB ID length before making any down-selection.
[image: ]
Figure 1: Flexibility level of the gNB ID length
Figure 1 shows 3 levels of flexibility of the gNB ID length. It is noted that in Figure 1 it is assumed that the cell ID is 5 bits long and the node ID can be 2…4 bits long.
· Level 1: If one node is reserved as node ID, then all its children as cell IDs belongs to this node.
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]Level 2: If one node is reserved as node ID,  then all its children as cell IDs  belongs to this node except if another node below is reserved for another node ID. This level is the typical scenario that pico nodes with longer node IDs are deployed under the coverage of a macro node with shorter node ID.
· Level 3: On top of level 2, a node may not own all its children even if there is no lower level node. Instead, part of its children nodes still belongs to the upper parent node. In Figure 1, the example is that cell 11110 is still served by gNB 111. 
[bookmark: OLE_LINK111][bookmark: OLE_LINK112]As illustrated in section 2.1, the network signalling based solution (solution 1) may support flexibility level 1 and level 2 easily by adding the new NCGI or a simple indicator into the Xn TNL address lookup procedure.  So that the AMF could make the longest MSB match of the NCGI to the gNB ID stored in the AMF. 
[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Observation 1: The network signalling based solution can support level 1 and 2 flexibility of gNB ID length easily by adding the new NCGI into the Xn TNL address lookup procedure. 
 It is questionable that level 3 is a reasonable and beneficial scenario in real network. Level 3 increases complexity on network management and signalling design without any significant benefit. For example, it is no longer possible to make local assignments of cell identifiers without checking through the full set of assigned cell identifiers within the network.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106]Proposal 1: RAN3 to discuss and confirm whether level 3 is a reasonable flexibility level for the gNB ID length to be supported.
In case level 3 flexibility is considered not essential, the network based solution is provided in stage 2 and stage 3 CRs [2,3].
2.3 Possible enhancement to the CN based solution to support level 3 flexibility 
If level 3 flexibility is also confirmed by operators, some further information needs to be reported to AMF for the network signalling based solution. Technically, the AMF should know the serving cell ID’s range served by each RAN node. The possible way is to enable the gNB to inform the AMF of its serving cell IDs range. The new introduced nodes will also inform the AMF of its serving cell IDs range. 
The format of the cell ID range indicated to AMF could be the following:
-	Indication to indicate that all the numbering space of the gNB is used by this gNB, 
-	All the serving cell IDs served by the gNB, or 
-	All the Cell IDs not used but belonging to the gNB from numbering space perspective.
Detailed encoding of the cell range could be discussed and decided after the scenario of flexibility level 3 is confirmed.
The affected NGAP messages may include NG SETUP REQUEST, RAN CONFIGURATION UPDATE and S1 SETUP REQUEST, ENB CONFIGURATION UPDATE for EN-DC.
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Proposal 2: RAN3 to discuss the possible enhancement to NGAP/S1AP messages if flexibility level 3 is confirmed.
Proposal3: RAN3 to discuss and decide how to indicate the cell ID range (used or not used) on NGAP/S1AP for a RAN node.
Stage 2/3 CRs supporting this enhancement are provided in [4,5].
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]Based on the discussion in this paper, we propose the following: 
Observation 1: The network signalling based solution can support level 1 and 2 flexibility of gNB ID length easily by adding the new NCGI into the Xn TNL address lookup procedure.
Proposal 1: RAN3 to discuss and confirm whether level 3 is a reasonable flexibility level for the gNB ID length to be supported.
Proposal 2: RAN3 to discuss the possible enhancement to NGAP/S1AP messages if flexibility level 3 is confirmed.
Proposal 3: RAN3 to discuss and decide how to indicate the cell ID range (used or not used) on NGAP/S1AP for a RAN node. 
[bookmark: _GoBack]It is also proposed RAN3 to discuss and agree on a set of stage 2 and stage 3 CRs (either [2, 3] if flexibility level 3 is not considered necessary, or [4, 5] otherwise).
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