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1
Introduction
The basic definitions of the NR Cell Global Identifier (NCGI), NR Cell Identity (NCI) and gNB Identifier (gNB ID) have been agreed in [1]: 

-
NR Cell Global Identifier (NCGI): used to identify NR cells globally. The NCGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell.

-
gNB Identifier (gNB ID): used to identify gNBs within a PLMN. The gNB ID is contained within the NCI of its cells.

Furthermore, it has been agreed in [2] that the leftmost bits of the NCI correspond to the gNB ID (while the remaining rightmost bits correspond to the local cell identity within the gNB). RAN2 has agreed that NCI has fixed length and is broadcast over-the-air in SIB1.
However, the following is still FFS:

-
The length (in bits) of the NCI.

-
The length (in bits) of the gNB ID part of the NCI.

-
Whether flexible length gNB ID is needed, and if so how to support it.

In this paper, we discuss the above FFS issues by first identifying design requirements associated with gNB ID and NCI, and then identifying potential solutions.

2
Discussion
As discussed in [3], NG-RAN needs to enable a wide variety of deployment types, which have an impact on the cell and node identifier requirements:

-
Centralized deployments, where a very large number of DUs (cells) are connected to a single CU (gNB).
-
Distributed deployments, e.g. in rural areas, where gNBs are deployed as classical monolithic base stations.
-
Ultra-dense deployments, e.g. for mm wave use cases, where there are a very large number of gNBs with small coverage area.
-
Enterprise (or home) deployments, with only one or very few cells per gNB.

These deployment types could occur in one single network (i.e. PLMN). 

As a first step, RAN3 should discuss what extremes of “gNBs per PLMN” and “cells per gNB” should be supported. In online and offline discussions, the following maximums have been mentioned:
· gNBs per PLMN:
Up to 226 (67,108,864 gNBs)
· cells per gNB:
Up to 218 (262,144 cells)
Proposal 1:
The NCI should enable support for up to 226 gNBs per PLMN, and up to 218 cells per gNB.
Simultaneous support for both 226 gNBs per PLMN and 218 cells per gNB would require a 44-bit NCI. This is 16 bits more than the equivalent identifier in LTE (Cell Identity) which has 28 bits.

An NCI with fixed length gNB ID (e.g. 26 bits) and fixed length local cell identity (e.g. 18 bits) would enable support for highly centralized gNBs, highly distributed gNBs, and everything in-between.  However, a large amount of the identifier “space” would likely go unused in any given deployment, which is potentially inefficient considering that the NCI must be broadcast over-the-air (in SIB1, as agreed by RAN2).

An NCI with variable length gNB ID would require fewer bits for the NCI, but it would be necessary to define multiple NCI formats in order to accommodate both highly centralized gNBs (i.e. large number of cells per gNB) and highly distributed gNBs (i.e. large number of gNBs per PLMN). Having multiple formats increases the complexity of the NCI, but is also more future proof since new formats can be introduced later. Indeed, this future proof quality can be considered a requirement in order to handle deployments that are not yet envisioned today. Therefore, a variable length gNB ID is preferred.
Proposal 2:
The gNB ID (contained in the NCI) can be variable length.
If the maximum length gNB ID in Rel-15 is 26 bits as in Proposal 1, it needs to be decided how many cells such a gNB should be able to support.  The 26-bit gNB ID corresponds to a highly distributed deployment scenario where each gNB is not expected to support large numbers of cells. Thus, 8 bits for the local cell identifier (i.e. 256 cells) seems to be a reasonable number, resulting in a total of 34 bits for the NCI.
Proposal 3:
The NCI is recommended to be 34 bits.  An LS should be sent to RAN2 to inform them of this recommendation and request their feedback.
Taking Proposals 1-3 together, Table 1 below shows the possible NCI formats for a 34-bit NCI having variable length gNB ID.
	gNB ID length (bits)
	gNBs per PLMN
	Cells per gNB

	16
	65,536
	262,144

	17 (FFS)
	131,072
	131,072

	18 (FFS)
	262,144
	65,536

	19 (FFS)
	524,288
	32,768

	20 (FFS)
	1,048,576
	16,384

	21 (FFS)
	2,097,152
	8,192

	22 (FFS)
	4,194,304
	4,096

	23 (FFS)
	8,388,608
	2,048

	24 (FFS)
	16,777,216
	1,024

	25 (FFS)
	33,554,432
	512

	26
	67,108,864
	256


Table 1: Possible formats for 34-bit NCI with variable length gNB ID
The first and last rows of the table reflect Proposal 1 and represent the “extremes” of cells per gNB and gNBs per PLMN, respectively. There are additionally nine other formats in-between, some or all of which could also be supported in Rel-15.  The optimal set of formats likely depend on a number of factors such as deployment scenario and operator-specific gNB ID numbering strategies (as we saw with the Flexible eNB ID discussion in Rel-14).  Some possibilities for Rel-15 include:

-
Support only a very limited number of additional values, e.g. one “medium” value (20 or 21-bit gNB ID)

-
Support at least the same values that exist in LTE Rel-14 (18, 20, and 21-bit gNB ID)

-
Support a wider range of values to give greater flexibility, e.g. 16 to 26-bit gNB ID with 2-bit granularity (6 total values) or even 1-bit granularity (11 total values).

In general, RAN3 should strive for maximum flexibility unless drawbacks can be identified.

Proposal 4:
RAN3 to decide how many additional gNB ID lengths should be supported in Rel-15, and which values.
One additional issue that will require further discussion concerns ANR: how does an NG-RAN node determine the gNB ID from an NCGI reported by a UE. In LTE, this was left to implementation (e.g. OAM-based solution). However, other solutions which avoid reliance on OAM can be further investigated, e.g. broadcast of additional information in SIB1 as proposed in [4].
Proposal 5:
RAN3 to discuss whether and how to standardize a solution to enable an NG-RAN node to determine the gNB ID from an NCGI reported by a UE.
3
Conclusions
In this paper, we have provided our views on gNB ID and NCI. The following is proposed:
Proposal 1:
The NCI should enable support for up to 226 gNBs per PLMN, and up to 218 cells per gNB.

Proposal 2:
The gNB ID (contained in the NCI) can be variable length.
Proposal 3:
The NCI is recommended to be 34 bits.  An LS should be sent to RAN2 to inform them of this recommendation and request their feedback.
Proposal 4:
RAN3 to decide how many additional gNB ID lengths should be supported in Rel-15, and which values.
Proposal 5:
RAN3 to discuss whether and how to standardize a solution to enable an NG-RAN node to determine the gNB ID from an NCGI reported by a UE.
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