[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #103	R3-190829
Athens, Greece, 25th February - 01th March 2019

Agenda Item:	25.2.3
Source:	Ericsson
Title:	On the challenges of TNL address discovery with the flexible gNB/en-gNB ID length
Document for:	Discussions & Approval
[bookmark: _Toc527283429][bookmark: _Toc527283646][bookmark: _Toc527283675][bookmark: _Toc527283740][bookmark: _Toc527283744][bookmark: _Toc527283905][bookmark: _Toc527283922]1	Introduction
This paper deals with the situation of having specified a flexible gNB ID length, forming the MSBs (22 to 32 bits) of the NR Cell Identity (36bits) while lacking the gNB ID length information in the system broadcast. One possible solution is to detect the node ID via finding the “maximum length match” in a tree structure built from information provided by the NG-RAN nodes at NG Setup. This network-based solution has been discussed in [1]. However, the disadvantages of the network-based solution include:
i) The ambiguity of cell IDs containing node IDs of variable length with the same MSBs, and 
ii) Under-utilizing the available cell ID numbering space. 
This motivated us to investigate other potential solutions (e.g., broadcasting the NG RAN node ID) that resolve the potential ambiguity and fully-utilize the available NG RAN cell ID numbering space.
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2.1	Status Quo and Requirements w.r.t. ID assignment for NG-RAN cells and nodes
2.1.1	Relation between NG-RAN node ID and NG-RAN Cell ID
NG-RAN node IDs are contained in NG-RAN cell IDs, i.e. 
-	in case of E-UTRA cells, an ng-eNB ID represents the (18/20/21) MSBs of any of (28bits long) E-UTRA Cell IDs the ng-eNB serves
-	in case of NR cells, a gNB ID represents the (22..32) MSBs of any of the (36bits long) NR Cell IDs the gNB serves as shown in the following table [2].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	CHOICE gNB ID
	M
	
	
	

	>gNB ID
	
	
	
	

	>>gNB ID
	M
	
	BIT STRING (SIZE(22..32))
	Equal to the leftmost bits of the NR Cell Identity IE contained in the NR CGI IE of each cell served by the gNB.



NOTE:	It has been assumed that the eNB lengths is not "totally" flexible, but rather deployed in a homogenous way, at least in a sufficiently large area, so that a detecting eNB can always assume a certain deployment. Therefore, no standardisation work was performed so far to solve eNB IDs’ length ambiguity.
2.1.2	Network-based solution and its shortcomings
Figure 2.1.2-1 represents a data structure, which has been generated by processing RAN node ID information stemming from NG Setup procedures, which provide the AMF with NG-RAN node IDs, which may then generate entries in a binary tree structure like the one depicted below for node1 and node2. Supporting the variable NG-RAN node ID assignment would require performing a “maximum length match” of the detected cell’s ID at Xn TNL address discovery procedure. In fact, it is necessary to provide the MSBs of the detected cell’s ID corresponding to the longest possible (or specified) RAN node ID variant (32 bits in case of gNBs), as input to the matching process [1].


Figure 2.1.2-1: RAN node ID with less cell ID range seizing numbering space from another RAN node.
Given the flexible length of NG-RAN node IDs, the possibility of assigning NG-RAN node IDs in such a way that an ID with a shorter length can be contained in the MSBs of an ID with longer length is foreseen. As shown NG-RAN node ID1 is contained in the 2 MSBs of NG-RAN node ID2. Therefore, node1 cannot use node2’s Cell ID range. This can create ambiguities when performing X2/Xn setup request which require X2/Xn TNL address discovery which by itself requires NG RAN node ID. To solve this ambiguity a careful consideration at network planning phase is required, otherwise extra cost for cell ID reconfiguration is incurred. Such actions at planning phase consist of partitioning the node ID space between RAN nodes. This careful consideration prevents full utilization of the node/cell ID’s available numbering space, e.g., an NG RAN node with less cell ID numbering space could seize a subset of the cell IDs of another node with larger range of cell IDs. This limitation is shown in Figure 2.1.2-1. 
In other words, a deployment scenario allowing NG-RAN node ID assignment as shown above would require certain planning or forethought at deployment of node1, i.e. deployment of node2 would need to be planned well ahead, otherwise we would expect that cell ID reconfiguration would become unavoidable, which is assumed to be a rather costly exercise.
Observation 1:	Overlapping of MSBs of two node IDs causes ambiguity in detecting the NG-RAN cell ID belonging to the node with shorter NG-RAN node ID. To exemplify, an NG-RAN node2 can serve cells with a cell ID stemming from a sub-cell-ID numbering space of another NG-RAN node1. Such possibility would restrict node1 serving cells with an ID from the cell-ID numbering space from node2.
Observation 2:	To avoid the ambiguity in cell ID assignment, NG-RAN cell ID numbering space would require to be planned at network deployment phase, with a careful consideration of all the ambiguous scenarios. Nevertheless, it prevents fully-utilization of the cell ID numbering space. Otherwise, later ID reconfiguration would be needed with a certain associated cost.
Observation 3:	The mentioned network-based solution restricts the flexibility of the variable node ID length. 
We would propose to discuss the solutions avoiding such limitations in using variable gNB ID length:
Proposal 1:	RAN3 to discuss the possibility to exploit the full flexibility of the variable NG-RAN node ID length by other potential solutions e.g., broadcasting solution.
As we mentioned above, a careful consideration is required at planning phase to avoid assigning the MSBs of node IDs as a node ID of other nodes. This accordingly prevent the network planner to fully utilize the flexibility provided by the variable gNB ID length feature. Networks planned with a high demand of cell density may not be able to reach the maximum number of cells intended to be provided in network planning phase. A RAN2 based solution relying on broadcasting the node ID length in SIB information is highlighted in the following as a potential solution which resolve the above-mentioned problem. 
2.1.3	A potential solution based on broadcasting gNB ID length
This chapter briefly looks into a potential broadcast solution. The basic notion of broadcasting node ID length is to broadcast the node ID length in SIB1 so that UE report the node ID length during CGI report procedure. The pros and cons of such solution from a pure Uu interface point of view should not be discussed in a RAN3 paper. Therefore, an LS is proposed to RAN2 working group for further investigations of the pros and cons of the mentioned method, as prepared in [3]. We look at the possibilities provided by and advantages of the broadcast solution when comparing it to the network solution.
The main advantage of such solution is that the 5GC would not need to disambiguate node IDs with common MSBs in the range of allowed node ID lengths, such information would directly come from the SIB1 entry reported by the UE. Therefore, any ambiguity at Xn TNL address discovery procedure will be solved. Moreover, no need for a priori node ID partitioning at network planning phase is required and no extra cost will be imposed for NG-RAN cell ID reconfiguration. Therefore, the cell ID allocation becomes fully flexible as expected. Looking at the example provided in chapter 2.1.2.


Figure 2.1.3-1 Extended Cell-ID allocation possibilities with broadcast solution.
Observation 4:	The approach to provide the node ID’s length within System Broadcast would relieve the CN from handling node ID ambiguities and provides additional cell ID allocation flexibility (fully flexible cell ID allocation).
Proposal 2:          We propose sending a LS to RAN2 WG to investigate the pros and cons of broadcasting node ID length in SIB1. 
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We have discussed the TNL address discovery mechanism considering the flexible gNB/en-gNB ID length.
Our observations and proposals are as follows:
Observation 1:	Overlapping of MSBs of two node ID causes ambiguity in detecting the NG-RAN cell ID belonging to the node with shorter NG-RAN node ID. To exemplify, an NG-RAN node2 can serve cells with a cell ID stemming from a sub-cell-ID numbering space of another NG-RAN node1. Such possibility would restrict node1 serving cells with an ID from the cell-ID numbering space from node2.
Observation 2:	To avoid the ambiguity in cell ID assignment, NG-RAN cell ID numbering space would require to be planned at network deployment phase, with a careful consideration of all the ambiguous scenarios. Nevertheless, it prevents fully-utilization of the cell ID numbering space. Otherwise, later ID reconfiguration would come with a certain cost.
Observation 3:	The mentioned network-based solution restricts the flexibility of the variable node ID length, 
Observation 4:	The approach to provide the node ID’s length within System Broadcast would relieve the CN from handling node ID ambiguities and provides additional cell ID allocation flexibility.
Proposal 1:	RAN3 to discuss the possibility to exploit the full flexibility of the variable NG-RAN node ID length using other potential solutions e.g., broadcasting solution.
Proposal 2:          We propose sending a LS to RAN2 WG to investigate the pros and cons of broadcasting node ID length in SIB1.
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