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1
Introduction
A cloud-based gNB and en-gNB may serve a high number of NR cells, and it has been discussed in e.g. [1] and [2] whether it is still appropriate or possible to mandate inclusion of all served cells on inter-RAN-node interfaces (Xn, Xx/X2) as per legacy X2 specification for LTE cells. In this paper we further analyse the mandate of including all served LTE cells, and look at possible alternatives for Rel-15. Of course, due to backwards compatibility constraints it may be difficult to remove this mandate for LTE cells on X2, so the analysis in the present paper targets mechanisms for NR cells on X2/Xx, as well as both LTE and NR cells on Xn.
2
Discussion
The mandate to include information for all served LTE cells applies to the X2 Setup and eNB Configuration Update procedures. E.g. for the X2 SETUP REQUEST message, the mandate is expressed both in procedural text (“The initiating eNB1 shall transfer the complete list of its served cells”) and in the tabular:
	Served Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	GLOBAL
	reject


The transferred served cell information serves a multiple of purposes including mobility (i.e. NRT and other information needed to determine a suitable handover target for a given UE), interference mitigation, RACH optimisation and MBMS service continuity. For these purposes an eNB A will need information about cells served by a peer eNB B that are adjacent to cells served by eNB A and therefore potential handover targets for its served UEs. It will also need to know the carrier frequencies (DL EARFCN for FDD or EARFCN for TDD) supported by the neighbour eNB B. Additionally a method for distributed PCI assignment (TS 36.300 clause 22.3.5) made use of information about all cells served by an eNB to avoid reuse of the employed PCIs in neighbour eNBs, irrespectively of whether these cells being identified as direct neighbours or not. However, as pointed out in [1], such method is not applicable for the case where the total number of available PCIs is similar to, or lower than, the number of cells served by the eNB.
It therefore seems that, on top of the carrier frequencies supported by eNB B, an eNB A will only need information about cells belonging to eNB B that are identified as being neighbours of its own served cells. Based on current standard, an eNB implementation may today choose whether this neighbour relation is detected by its own served UEs, or whether also to use neighbour relations detected by UEs served by a peer eNB and reported on X2. Either way, information about neighbour cells (starting with the PCI) is crucial for system operation. This also means that the specification ensures that such information must be kept up to date in the peer eNB, e.g. following PCI change.
Observation: Up-to-date information about carrier frequencies and neighbour cells served by peer nodes is crucial for system operation, and must be ensured by the specification.

One may claim that today’s mandate of including information about all served cells in X2 signaling is the simplest approach from an algorithmic point of view: there is never any doubt which cells to include in the X2 messages. The “only” issue relates to the quantity of information that needs to be transferred, and potentially also stored in the receiving eNB. Three options on how to select a subset of the served cells are discussed in [2]. The options are OAM filtering, filtering based on location, and request-based. A fourth option, which may be seen as a kind of OAM solution (and hence burdensome for the operator), would be to divide the physical cloud eNB into multiple logical eNBs based on the geographical location of its served cells. We also agree with [2] that among the listed options, a request-based approach may be the most appropriate, but also see some potential weakness in terms of robustness. Indeed, an eNB receiving a request to provide served cell information for a given cell will be able to provide this information, but the eNB also needs to keep in memory which peer eNBs to inform about updates. While this might not be a major concern for normal operation, the interface reset scenario may need further investigation. 
Proposal 1:  If inclusion of all served NR cells can’t be mandated as in legacy LTE specification, a request-based approach for served cell information is needed for NR cells on X2/Xx, and for LTE cells and NR cells on Xn.
The simplest request-based approach is to send an indication requesting the peer node to provide served cell information for all its served cells. Such request will enable e.g. avoidance of reuse of PCIs between neighbour nodes, and will be useful in classical (non-cloud) gNB and en-gNB deployments. This mechanism is needed for NR cells on X2 (where all served LTE cells will be provided anyway as per legacy), and for LTE cells and NR cells on Xn.
Proposal 2: On X2/Xx, introduce a mechanism (flag) to request all served NR cells.
Proposal 3: On Xn, introduce a mechanism (flag) to request all served LTE cells and NR cells.

The following two scenarios should be considered:
· Node A sends X2 SETUP REQUEST to Node B containing the request flag: Node B should provide all cells in X2 SETUP RESPONSE.

· Node A sends X2 SETUP RESPONSE containing the request flag, and Node B has not yet provided served cell info for all its cells: Node B should trigger the eNB Configuration Update procedure containing all its served cells.

While the mechanism described above is a non-selective request mechanism, a possible approach for a selective request mechanism was outlined in [2] (“target cell ID”). While details may need further discussion, also a selective request-based mechanism anyway seems needed. A minimum requirement for a selective request mechanism would be to maintain transfer of information about the node’s supported carrier frequencies. This can be done by mandating the eNB/gNB/en-gNB to always provide served cell information for at least one cell per NR carrier (DL EARFCN for FDD or EARFCN for TDD).
Proposal 4: A selective request mechanism is also needed, by which the eNB/gNB/en-gNB shall transfer served cell information for at least one cell per NR carrier (DL EARFCN for FDD or EARFCN for TDD).
3
Conclusion
We have provided the following observation and proposals:
Observation: Up-to-date information about carrier frequencies and neighbour cells served by peer nodes is crucial for system operation, and must be ensured by the specification.

Proposal 1:  If inclusion of all served NR cells can’t be mandated, a request-based approach for served cell information is needed for NR cells on X2, and for LTE cells and NR cells on X2/Xx.

Proposal 2: On X2/Xx, introduce a mechanism (flag) to request all served NR cells.

Proposal 3: On Xn, introduce a mechanism (flag) to request all served LTE cells and NR cells.

Proposal 4: A selective request mechanism is also needed, by which the eNB/gNB/en-gNB shall transfer served cell information for at least one cell per NR carrier (DL EARFCN for FDD or EARFCN for TDD).
Proposal 2 is reflected in the draft CR to TS 36.423 submitted to this meeting in [3], on top of changes submitted to last meeting and discussed in [1].
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