3GPP TSG-RAN WG3 Meeting #97
R3-172730
Berlin, Germany, 21-25 August 2017

Agenda item:
10.5.3
Source: 

Qualcomm Incorporated
Title: 
On NG-RAN node identifiers
Document for:
Discussion
1. Introduction
This document discusses the requirements for the definition of NG-RAN identifier. In LTE, the identifiers were initially defined with a single fixed length, but gradually various other lengths were adopted. A valid question then is whether the NG-RAN identifier length could be variable and left to deployment configuration right from the outset. The document discusses the implications and feasibility of this approach.
2. E-UTRAN node identifiers
In LTE, it was initially decided to define the eNB ID as the 20 most significant bits of the cell ID. This allowed simultaneously

· eNBs with up to 256 cells

· Up to around 1 million eNBs in a PLMN

Later, the concept of HeNB was introduced, and from a E-UTRAN perspective, this is essentially a modification of the numerology. The full 28 bits of the cell ID are now also the eNB ID, which means that large numbers of “HeNBs” can be deployed, but with the limitation that they can support one cell only.

More recently, there was consideration of requirements to have both larger eNBs (hosting more cells), as well as larger number of eNBs. Eventually ID lengths of 18 and 21-bit were added to the specification. There are now therefore 4 types of eNB ID. As it has been seen recently, every time a new ID length is added, several specifications are impacted across multiple groups.
Observation 1: The eNB ID length was set pragmatically in release 8, but unforeseen scenarios and use cases have resulted in various later modifications.

2.1
Functions supported by RAN node identifiers

RAN identifiers support different functions:

· Initial mutual identification of nodes in one instance of an interface (e.g. eNB IDs across X2), and the relationship between a RAN identifier and configuration data (e.g. cells hosted by the node, cell characteristics etc)
· Direct message addressing within the RAN (e.g. which node, and therefore interface, to address for a particular interaction which may be at cell level); noting that this function does not require the definition of a target, in the sense that the target is implicit.

· Identification of a third RAN node during a procedure involving two nodes (e.g. identification of a SeNB during handover).

· Message routing involving CN and/or other entities (for example S1 Handover): in this case a target must be defined which can be interpreted by the intermediate nodes
In addition, the ability to identify a RAN node (based on UE reports), and subsequently set up either direct interfacing towards that node (X2/Xn), or alternatively to route messages to that node via the CN (e.g. S1 HO), are based on having a relationship between cell ID and eNB ID (e.g. “most significant N bits”). This property is fundamental to Automatic Neighbour Relations (ANR) functionality (and this is already captured in 38.300).
Observation 2: Current ANR operation requires a relationship between the UE reported cell ID and the eNB ID.

Observation 3: Apart from identifying the node during setup of point-to-point interfaces, in LTE the eNB ID is required for routing which involves intermediate nodes.
3
NG-RAN Node Identifiers
From the above observations, we would expect that the NG-RAN node ID should correspond to a prefix (N bits) of the cell ID(s) hosted by the node. Note that we do not yet know the length of the cell ID in NR, but this is likely to be larger than in LTE. But the question follows, what should N be?

The experience of LTE already shows that N may need to change or at least different values be allowed. In the NG-RAN, it is likely that the variety of scenarios will be even greater, considering for example the centralization of parts of the NG-RAN functionality. Furthermore, the operators should have greater flexibility in their use of the ID space. This flexibility could be achieved by either
(a) Specifying multiple lengths (similar to the position in LTE at release 14, or in fact with higher granularity)

(b) Specify only a lower and upper bound to the length of the NG-RAN node ID

The issues to be solved with either approach are similar, so we should select the most flexible approach provided no show-stoppers emerge:

Proposal 1: To maximize deployment flexibility, the specifications should enable a range of lengths of the NG-RAN node identifier (e.g. only lower and upper bounds).

3.1
Operation of variable length NG-RAN node identifiers

We now consider details of how variable length identifiers work in relation to the functions described in 2.1.

· Logical identifiers in an interface instance, or reference to a third node: 
Here the only change is that identifier (e.g. in Xn) has a length which is specific for a given node. Signalling (e.g. at CP setup) is defined using a variable length bit string. Note that this would apply both for Xn and for NG.

· Message routing via an intermediate node: 
Routing has made use of the “target ID” (which contains the Tracking Area, and the eNB ID). With this information, an MME (in the LTE/EPS case) can decide whether it has connectivity to the eNB, or whether it needs to forward the message via another MME. The “target MME” should simply match the received eNB ID to its list of interfaces/logical endpoints. The same approach can be reused in NG-RAN / 5G-CN even if the NG-RAN node length is variable, because a full match is required (i.e. length and contents).
· ANR impacts:

Here the fundamental problem is that an eNB does not know the length of the eNB ID that hosts a detected cell. Since until recently this problem was limited to distinguishing between eNBs and HeNBs, there are a variety of possible practical solutions e.g. using configuration, inferring from the UE report (e.g. presence of CSG ID). But for a general case where the length can take any a range of values, further analysis is needed. The problem occurs when the NG-RAN node tries to find the IP address of the new node (for setting up Xn), or when the NG-RAN uses procedures requiring intervention of the CN (e.g. handover via the Core Network).
Observation 4: If a variable length NG-RAN node ID is used, then the main issue requiring consideration is what happens (in terms of message routing via the CN) when a new cell is detected.

The next section considers solutions to this problem.

4
Message Routing with Variable length node IDs
As discussed, the remaining problem is how to route messages via the CN when the ID length is not yet known. Several solutions can be applied to this issue:
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.
We expect that all the above options are possible although some analysis may be required for the last one (“flexible routing”) to establish signalling details, and any resulting restrictions or rules on ID assignment.

Proposal 2: Agree that variable length NG-RAN node identifiers are feasible, and consider further how to support this feature.
5. Conclusions
The observations and proposals in this paper are recapped below.
Observation 1: The eNB ID length was set pragmatically in release 8, but unforeseen scenarios and use cases have resulted in various later modifications.

Observation 2: Current ANR operation requires a relationship between the UE reported cell ID and the eNB ID.

Observation 3: Apart from identifying the node during setup of point-to-point interfaces, in LTE the eNB ID is required for routing which involves intermediate nodes.
Proposal 1: To maximize deployment flexibility, the specifications should enable a range of lengths of the NG-RAN node identifier (e.g. only lower and upper bounds).

Observation 4: If a variable length NG-RAN node ID is used, then the main issue requiring consideration is what happens (in terms of message routing via the CN) when a new cell is detected.
Proposal 2: Agree that variable length NG-RAN node identifiers are feasible, and consider further how to support this feature.
As a final footnote, it should be noted that the approaches considered here could also be applied to E-UTRA cells and nodes hosting such cells in NG-RAN (i.e. variable length identifiers and flexible routing).
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