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1
Introduction
This paper discusses the general approach for support of NR ANR functionality on X2 under the assumption that the X2 interface is used between the eNB and the gNB, and provides proposals for normative work.
2
Discussion
RAN3#95bis agreed: “Principles of ANR and automated interface setup (X2, S1) in LTE are the baseline of 5G system (Xn, NG)”. The agreement from last meeting is therefore a guideline for the Xn and NG interfaces. No guideline was agreed for interface impact in scenario 3/3X. Still the following X2AP enhancements seem to be a logical consequence of the above, assuming that the X2 interface will be used between the eNB and the gNB:

Proposal 1: Enhance existing X2 Setup and eNB Configuration Update procedures to transfer information about served LTE cells from the eNB to the gNB
Proposal 2: Enhance existing X2 Setup and eNB Configuration Update procedures to transfer information about served NR cells from the gNB to the eNB

We expect details of the proposed procedure enhancements will be clarified during the coming months, in particular when RAN1 has stabilized central aspects of the physical layer like PCI and beam management. 

In this paper we would like to focus on the following topics:

· Backwards compatibility;
· Whether there is any need to reflect max number of NR cells served by the gNB in X2AP;
· Requirements on NR cells to be included in X2AP messages;
· Delta configuration capability of the eNB Configuration Update procedure;
· Inter-RAT neighbour relations.

Backwards compatibility:

If for example a gNB triggers the X2 Setup procedure towards a pre-Rel-15 eNB, the gNB should be informed that the eNB is not able to comprehend NR related information conveyed by the signalling procedure. This can be ensured by including the Global gNB ID IE in the X2 SETUP REQUEST message with criticality reject. 

Proposal 3: Include the Global gNB ID IE in the X2 SETUP REQUEST message with criticality reject.
The presence of the Global gNB ID IE can also be used for the receiving node to ignore LTE related information according to functionality of the gNB to be determined.
Proposal 4: Use the presence of the Global gNB ID IE to ignore LTE related information according to functionality of the gNB to be determined.
Whether there is any need to reflect max number of NR cells served by the gNB in X2AP?

In Rel-8, the max number of LTE cells per eNB was specified in X2AP: 

	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


However, Rel-14 introduced flexible eNB IDs and cell IDs, increasing the maximum number of cells per eNB to the number of 1024. The Rel-14 feature requires specific OAM support, and full alignment of X2AP signalling support was therefore not considered necessary to support the increased number of cells per eNB. In case of flexible cell IDs, it is expected that the X2 setup procedure conveys information about up to 256 served LTE cells per involved eNB, and that additional served cells are signalled using the eNB Configuration Update procedure.
The same approach is proposed for NR: The X2 setup procedure conveys information about up to 256 served NR cells per involved node, and additional served NR cells are signalled using the eNB Configuration Update procedure.

Proposal 5: X2AP shall not specify max number of NR cells per gNB. Max number of served NR cells per message is set to 256 (FFS).
Requirements on NR cells to be included in X2AP messages?

Another consequence of nodes serving a high number of cells is that, if the number of cells per carrier frequency is significant compared to the available number of PCIs (504 in LTE, about 1000 in NR according to working agreement at RAN1#88bis), the following mechanism for distributed PCI selection can’t be used (TS 36.300 clause 22.3.5):

[Distributed PCI assignment] The OAM signals a list of PCI values. The eNB may restrict this list by removing PCI-s that are: 

a)
reported by UEs;

b)
reported over the X2 interface by neighbouring eNBs; and/or

c)
acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.

The eNB shall select a PCI value randomly from the remaining list of PCIs.

The purpose of bullet b) above was that two neighbouring eNBs should not use the same PCIs on the same frequency layer. However such approach would require an unreasonably high number of PCIs to work for e.g. cloud-based gNBs which may serve a very high number of cells on a given frequency layer. 
This mechanism was one of the reasons to impose all served cells to be sent in the X2 Setup procedure, but doesn’t any longer seem neither feasible nor justified. We therefore propose to not require all served NR cells to be sent in the X2 Setup procedure, nor require all added NR cells to be sent in the eNB Configuration Update procedure.

Proposal 6: No requirement to include all served NR cells in the X2 Setup procedure, and no requirement to include all added NR cells in the eNB Configuration Update procedure.
Delta configuration capability of the eNB Configuration Update procedure.

In a situation where the maximum number of served NR cells per X2 message is lower than the maximum allowed number of served cells in the gNB, sending of delta ANR data must be enabled. The legacy eNB Configuration Update procedure supports the following IEs for delta configuration data for LTE cells:
· Served Cells To Add
· Served Cells To Modify

· Served Cells To Delete

A logical way forward would be to introduce similar IEs for NR cells. One further enhancement should in our view still be considered concerning the Served Cells To Modify IE. The legacy variant of this IE requires the Served Cell Information IE to be resent, as well as the full list of neighbor cells. In our view, the new Served NR Cell Information IE could be made optional, and delta configuration should be enabled for the list of neighbor cells (neighbor cells to add, neighbor cells to delete).
Proposal 7: Include the new Served NR Cell Information IE as an optional IE in the Served NR Cells To Modify IE.

Proposal 8: Enable delta configuration of the list of neighbor cells within the Served NR Cells To Modify IE (neighbor cells to add, neighbor cells to delete).
Inter-RAT neighbour relations.
Legacy X2AP signalling has no support for inter-RAT neighbour relation information. By the introduction of support for New Radio ANR according to proposals 1 and 2 above, the following questions need RAN3 discussion:
· Question 1: Together with served LTE cell information transferred from the eNB to the gNB: transfer LTE neighbours, NR neighbours, or both?

· Question 2: Together with served NR cell information transferred from the gNB to the eNB: transfer LTE neighbours, NR neighbours, or both?

On top of this, we would like to add a third question relative to inter-eNB signalling:

· Question 3: Together with served LTE cell information transferred between two eNBs: transfer NR neighbours (in addition to LTE neighbours as per legacy)?

Our assumption is that all the mentioned intra- and inter-RAT neighbour information will be useful for ANR. We propose to enable signalling of this information without mandating inclusion of full information.  

Proposal 9: Enable signalling of intra- and inter-RAT neighbour information listed in question 1, 2 and 3, without mandating inclusion of full information.
3
Conclusion
We have provided the following proposals:
Proposal 1: Enhance existing X2 Setup and eNB Configuration Update procedures to transfer information about served LTE cells from the eNB to the gNB

Proposal 2: Enhance existing X2 Setup and eNB Configuration Update procedures to transfer information about served NR cells from the gNB to the eNB

Proposal 3: Include the Global gNB ID IE in the X2 SETUP REQUEST message with criticality reject.
Proposal 4: Use the presence of the Global gNB ID IE to ignore LTE related information according to functionality of the gNB to be determined.
Proposal 5: X2AP shall not specify max number of NR cells per gNB. Max number of served NR cells per message is set to 256 (FFS).
Proposal 6: No requirement to include all served NR cells in the X2 Setup procedure, and no requirement to include all added NR cells in the eNB Configuration Update procedure.

Proposal 7: Include the new Served NR Cell Information IE as an optional IE in the Served NR Cells To Modify IE.

Proposal 8: Enable delta configuration of the list of neighbor cells within the Served NR Cells To Modify IE (neighbor cells to add, neighbor cells to delete).

Proposal 9: Enable signalling of intra- and inter-RAT neighbour information listed in question 1, 2 and 3, without mandating inclusion of full information.

These proposals are reflected in the draft CR to TS 36.423 submitted to this meeting in [1].
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