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1. Introduction
At RAN3#97 there was further discussion on definitions of gNB and ng-eNB IDs and the following agreements were reached:

· gNB ID (contained in the NCI) can have variable length (FFS whether it is a discrete set or a range)

· ng-eNBs have same eNB ID format (as Global eNB ID IE in S1AP) and Cell ID format (as E-UTRAN CGI IE in S1AP) with eNBs

However, the length of cell ID and gNB ID have still to be agreed, as well as the above FFS on use of a discrete set vs range. This contribution addresses these topics, as well as the issue of ID size awareness for routing.
2. Size of cell ID

The cell ID size limits the numbers of nodes (with particular number of cells) in a PLMN. This is important as the cell ID size is unlikely to be changed for a given system. For example, in LTE the cell ID is set to 28 bits, and this immediately results in a limit of around 1 million nodes capable of hosting 256 cells. Once smaller nodes were allowed, the total number of larger nodes becomes smaller. It should be noted that the trade-off is more stringent when there are very few choices of node size, as is the case with LTE.
For NR, it has been suggested to have (1) larger cell ID size, to enable larger number of cells, and give more degrees of freedom in network design, and (2) larger nodes, hosting cell sizes > 256 (this last trend is aligned with the use of centralized deployments).
It is useful to take some numerical examples, and check the resulting possibilities open to the operators.

Figure 1 below shows an example of the possible deployment numbers assuming a mix of two node types: a large node with up to 4096 cells, and a classical node with up to 256 cells.
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Figure 1: Trade-off between max numbers of large node (4096-cell) and medium nodes (256-cell) for different cell ID sizes

From the figure, it is possible to introduce significant numbers of large nodes with relatively small impact on the limits for standard medium nodes. For example, even with a 28-bit cell ID, a PLMN can have around 1000 large nodes while having also up to 1 million medium size nodes. Obviously, the trade-off improves as the cell ID increases, e.g. for a 34-bit ID, it is possible to manage around 100,000 large nodes while also having more than 50 million medium size nodes.

But it should also be noted that these numbers are based on imposing a medium size node (256 cell) for general deployment when most non-centralized gNBs will have a small number of cells. Figure 2 shows what happens to this trade-off when we keep the size of the large node at 4096 cells, but reduce the size of the other node to 8 cells:
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Figure 2: Trade-off between max numbers of large node (4096-cell) and small nodes (8-cell) for different cell ID sizes
Not surprisingly, the flexibility increases significantly, and for example with a 32-bit ID, it is possible to have both a significant number of large nodes (e.g. 100,000) and a very large number of small nodes (over 400 million).

Different operators will be considering different scenarios, so the eventual choice should be driven by the most ambitious scenarios. Some observations can be gleaned from the above:
· The highest number of large nodes (and its size) sets one possible lower limit to the cell ID size – e.g. if operators want to have 1 million large nodes (and assuming 4096 cells), then this is only possible with ≥ 32-bit cell ID.

· Once this lower bound is found, a good design number depends on requirements for simultaneous use of smaller nodes; for example, if the operator wishes to have the freedom to assign 10 million nodes with up to 256 cells, then a 34-bit cell ID is needed.

· If finally, the standard reduces unused cell ID space by enabling nodes with smaller cell ID space (e.g. as in Figure 2), then for the same example a 32-bit cell ID might just work.
To conclude this discussion, we propose the following

Proposal 1: Operators to consider the required scenarios and provide feedback.

Proposal 2: Small nodes (e.g. with up to 8 or 16 cells) should be supported by the standard as they reduce the unused cell ID space.

3. Discrete set or range for gNB ID?

There do not seem to be any technical reasons that make either option superior. Obviously having a range provides the most flexibility for the operators, but it might also be seen to increase deployment complexity. On the other hand, having discrete steps raises the issue of the step definition – which as we have seen in the past, is very hard to settle at the beginning of the release. 
In any case, single cell nodes should be supported, as well as nodes supporting e.g. up to 4096 cells as discussed in the previous section.

Therefore, if the range approach is used, and if for example the size of the cell ID is taken to be 34, we could simply define the gNB ID as:

BIT STRING(SIZE(22..34)
Alternatively, if discrete sizes are chosen, there should be sufficient built-in flexibility to also allow the operator to save ID space. For example, it may make sense to define nodes in steps of x16, hosting up to  

· 4096 cells i.e. BIT STRING(SIZE(22)
· 256 cells i.e. BIT STRING(SIZE(26)
· 16 cells i.e. BIT STRING(SIZE(30)
· 1 cell i.e. i.e. BIT STRING(SIZE(34)
We have a slight preference for the continuous range, and of course the exact size of the cell ID impacts the numbers above (given as examples).
Proposal 3: It is proposed to adopt a continuous range for the gNB ID. If this cannot be agreed, consider instead standardizing multiple lengths as shown above.
4. Dealing with variable range gNB ID length

In [1], some of the issues related to this topic were discussed. From a technical point of view, it was stated that variable length IDs can be supported. The main difficulty found is the determination of the length of the gNB ID from knowledge of the cell ID – a scenario that occurs mainly in ANR. Several options were discussed to handle this:
A) Explicit signalling of length: this would require the length of the node ID to be broadcast in SIB (which is the equivalent of broadcasting the ID itself). This would be reported by the UE, and the detecting node uses this.

B)    Configuration: in this case, the ID space could be divided up in a deployment, such that the length could be inferred from a subset of the cell ID. For example, the first 6 bits could be used to signal the length of the ID (note that a 1 to 1 mapping is not necessary, i.e. several combinations could correspond to the same length). This would have no standardization impacts.

C) Flexible routing: this would allow messages towards the CN to be sent without exact knowledge of the target NG-RAN node ID. The signalling would need to allow the equivalent of the full cell ID to be sent as part of the target ID (instead of the node ID), leaving the routing to the intermediate node.

The simplest and most flexible approach appears to be the last one. In this case the “target ID” used in messages towards the CN would become something like shown below:

	IE/Group Name
	Presence
	Range

	CHOICE Target ID
	M
	 

	> Target gNB-ID
	
	 

	>> gNB ID
	M
	 BIT STRING(SIZE(22..34)

	>> Selected TAI
	M
	 

	>NR Cell ID
	
	 

	>> NR Cell ID
	M
	 BIT STRING(SIZE(34))

	>> Selected TAI
	M
	 


Let’s consider this in more detail. If the node initiating the message knows the size of the gNB ID, then the first choice is taken, and legacy operation results. If it does not, and cannot infer via e.g. configuration, then it simply sends the full cell ID. Then, the AMF proceeds first as normal by checking the TAI. Once the target AMF is identified (which may be the same as the source), it selects the target NG-RAN node by performing a longest prefix match between the NR Cell ID and the list of gNB IDs.

For the routing to work, it is enough that, for any two gNBs, all cell IDs that may be constructed by extending one of the gNB IDs be different from those obtained by extending the other (i.e. the “possible cell ID space” is fully separated). This can be guaranteed if the ID space is divided in sets corresponding to the minimum ID size (e.g. for 22-bit minimum size, there are 222 sets), and then within each set (which has a unique 22-bit prefix), the cell ID space is divided up between nodes of the same size.
Once the target is identified by the AMF, the flow can proceed in the normal way, and any messages can be directly forwarded to the target gNB. Response messages identify the exact gNB ID including size of the ID.
Based on the above, it seems that explicit knowledge of the gNB ID size is not required by a gNB when sending a message to the AMF, at the expense of a simple matching algorithm at the AMF. In practice this would not be needed very often – i.e. only when a cell / node is first found.

Hence, we arrive at

Proposal 4: There is no need for explicit signalling of the gNB ID length (e.g. towards the UE as part of ANR).
5. Conclusions

This contribution has discussed the open issues regarding gNB ID, and set forward the following proposals:

Proposal 1: Operators to consider the required scenarios and provide feedback.

Proposal 2: Small nodes (e.g. with up to 8 or 16 cells) should be supported by the standard as they reduce the unused cell ID space.
Proposal 3: It is proposed to adopt a continuous range for the gNB ID. If this cannot be agreed, consider instead standardizing multiple lengths as shown above.

Proposal 4: There is no need for explicit signalling of the gNB ID length (e.g. towards the UE as part of ANR).
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