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In NR flexible gNB id length is introduced. Currently though there are a lot of limitations that makes the usage of this flexibility not straightforward. In the following we discuss the limitations and the problems encountered and also propose corresponding solutions.
This paper is a resubmission of R3-205067.
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2.1	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) main significant bits (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 below (from TS38.413)
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This IE is used to globally identify a gNB (see TS 38.300 [8]).
	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 gNB lengths is not "totally" flexible, but rather deployed in a homogenous way, at least in a sufficiently large area, so that a detecting gNB can always assume a certain deployment. Therefore, no standardisation work was performed so far to solve gNB IDs’ length ambiguity.
Looking again into TS 38.413 we also see
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This IE is used to globally identify an NR cell (see TS 38.300 [8]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.3.1.6).



We can observe that there is no indication of size of gNB id in NR CGI or NR Cell Identity (NCI). At the same time NR CGI is assumed to be overall unique, that is a single operator is to make sure that two NCIs with different gNB length are NOT used within the system. 
When using different gNB ID lengths, it is not obvious how the operator can make sure that all resulting NR CGIs are unique. 
  
Conclusion 1: With the current status of NG-RAN Node ID length handling it is extremely difficult to deploy networks supporting flexible NG-RAN Node ID length. This has a major effect on the capability of an operator to exploit flexible NG-RAN Node ID lengths for future deployment densification
In the next paragraph we will list different levels of gNB-ID length flexibility and also corresponding solutions on how to support the proposed flexibility.

[bookmark: _Hlk47524944]2.2 Different levels of gNB-ID length flexibility

A flexible NG-RAN Node ID length allows an operator to freely mix different types of NG-RAN Nodes within his network. For example, an operator can mix large macro coverage NG-RAN Nodes with small hot spot coverage NG-RAN Nodes. The flexible NG-RAN Node-ID length allows for deployment of large numbers of NG-RAN Nodes. 

A number of different gNB-ID length flexibility scenarios can be envisioned. 
· Totally flexible mix of gNB id lengths in a network and between networks.
· Mix of gNB id lengths in a network, but in defined homogenous areas.
· Mix of gNB id lengths in a network, but same gNB id length in a PLMN.
· No mixing of gNB id lengths in a network.
· No mixing of gNB id lengths in the world.

A possible list of solutions is as follows (probably not exhaustive)
· Manual configuration per gNB (and all neighbours)
· Manual configuration: one gNB id length per PLMN
· Manual configuration: NCI value range implicitly gives gNB id length per network
· Manual configuration: NCI value range  implicitly gives gNB id length per PLMN
· Broadcast of gNB id length per PLMN in SIB (SIB1)
Properties of the various solutions as well as evaluation of the solutions regarding the various proposed levels of gNB-ID length flexibility is provided below. 
Note: ME == Management Effort
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Table 1: Evaluation of different gNB ID length management options

In the following we will elaborate on use cases where problems arise in case of using flexible gNB-ID length.

2.3 Use cases with problems
2.3.1 ANR
The task for ANR is to detect neighbour cells and also to enable communication with the gNB the cell resides in (regardless if it is to setup Xn or NG handover or set up X2 for EN-DC). ANR removes that administrative burden to manually define everything in the network.
E-UTRAN and NG-RAN have mechanisms to support IP address exchange over core network in these cases (Configuration Transfer). This relies however on the fact that the gNB id (or en-gNB) and its length is known.
When a UE has detected a new undefined neighbour cell, the UE can be instructed to read the SIB1 content which contains the NCI (combination of gNB id and Cell Identity). To be able to derive the gNB id from the NCI, the gNB id length must be known. This is however not currently broadcasted.
To make this automatic either the gNB id length need to be broadcasted or derived in some other way. Other ways can be:
· Assume all gNB have the same gNB id length and configure this
· Assume a PLMN uses the same gNB id length and configure this per PLMN
· Have a rule to convert NCI (and possibly PLMN) to a defined gNB id length.
· Store all PLMN and NCIs in a centralized database with the used gNB id length and retrieve this in runtime from that.
· There is no such framework (similar to UDM) defined in 3GPP systems and will hence be vendor specific solutions.
Observation 1: in absence of gNB-ID broadcasting no techniques gNB-ID length calculation is specified. A network where multiple vendors provide equipment will have no obvious interoperable solutions to coordinate how gNB-IDs are derived.

2.3.2 Sharing networks
As an example, we assume that two operators have started with separated networks and now want to introduce a new frequency layer and this shall be shared by the operators using MOCN.
They realize that operator A uses gNB id lenght 22, while operator B uses gNB id length 24.  Both are using ANR to handle the neighbour cell relations within their network.
If each system assumes their own gNB id lenght also in the shared part, there will be a problem, since the derived gNB ids in ANR will be corrupted and not work. 
That is, some of the manual methods explained above must be used for these ’borders’ which may be present over the whole network.
To be able to use ANR, there are manual methods that can be developed to reduce the operator effort in various degrees and requires various amount of coordination between operators. The whole problem could also be avoided if gNB is length was broadcasted. 
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Figure 1: Example of share frequency deployment

Observation 2: In shared network, and in absence of gNB-ID length broadcast, manual gNB-ID length configurations at shared operators borders are needed

2.3.3 gNB-ID exhaustion
An operator may start with one idea of how to build the network, for example very large (high capacity) gNBs (e.g. In cloud) and hence set gNB id length to 22 bits, enabling up to 16 384 cells per gNB and maximum 4M gNBs. The operator distributes the gNBids into his e.g. 32 regions in an even way (~130 K per region)
However, then another “cool” product comes forward and it is a variant of Home gNBs. Since the operator only uses one gNB id length in network, the operator starts to deploy the home/pico RBSs and it consumes gNB id in a rapid pace. It can e imagined that, in one region, 100 K of these small pico RBSs are quickly sold, but the region is running out of gNB ids.
The problem is then that most of the ’simple’ NCI numbering space is consumed. Either the operator must totally reconfigure its live network or find a complex way to use ’unused’ NCI values.

Observation 3:	The use of different Node ID lengths causes ambiguity in detecting the NG-RAN cell ID belonging to the node with shorter NG-RAN node ID. 
Observation 4:	To avoid the ambiguity in cell ID assignment, a network based solution would imply that the NG-RAN cell ID numbering space would require to be planned at network deployment phase, with a careful consideration of all the ambiguous scenarios. This prevents full utilization of the cell ID numbering space. 



[bookmark: _Hlk47527093]2.4	Broadcasting NG-RAN Node ID length
After analysing use cases where problems can occur if flexible gNB-ID length is utilized to better fathom the problem and also the necessity of a solution, we analyse the solution that we consider best, as it is also obvious from Table 1, namely broadcasting the NG-RAN Node ID length.
The basic notion of broadcasting node ID length is to broadcast the node ID length in SIB1 so that UE reports 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 [1]. 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. 

Observation 5:	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).
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The 3GPP specifications support use of different gNB id in the network. However, all implications have not been taken care of by 3GPP and they can lead to both large costs and awkward network expansion cases unless a strategy on how to handle this is outlined.
We have discussed the issue of the flexible gNB ID length and our conclusions, observations and proposals are as follows:
Conclusion 1: With the current status of NG-RAN Node ID length handling it is extremely difficult to deploy networks supporting flexible NG-RAN Node ID length. This has a major effect on the capability of an operator to exploit flexible NG-RAN Node ID lengths for future deployment densification

Observation 1: 	in absence of gNB-ID broadcasting no techniques gNB-ID length calculation is specified. A network where multiple vendors provide equipment will have no obvious interoperable solutions to coordinate how gNB-IDs are derived.
Observation 2: 	In shared network, and in absence of gNB-ID length broadcast, manual gNB-ID length configurations at shared operators borders are needed
Observation 3:	The use of different Node ID lengths causes ambiguity in detecting the NG-RAN cell ID belonging to the node with shorter NG-RAN node ID. 
Observation 4:	To avoid the ambiguity in cell ID assignment, a network based solution would imply that the NG-RAN cell ID numbering space would require to be planned at network deployment phase, with a careful consideration of all the ambiguous scenarios. This prevents full utilization of the cell ID numbering space. 
Observation 5:	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.

In light of the above the following is proposed

Proposal 1:	RAN3 to decide which level of flexibility for gNB id length shall be achieved for future standardization work. 
Proposal 2:	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 an LS to RAN2 WG to investigate the pros and cons of broadcasting node ID length in SIB1.
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