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1
Introduction
For AAS scenarios TR 37.822 provides problem descriptions seen from the point of view of UE handling as well as from a SON perspective (MRO). In this paper we look at standards impacts of proposed solutions for mitigation of MRO impact, taking into acount a basic scenario for cell splitting and cell merging.
2
Discussion
2.1
Scenario and solution description 
As described in the TR 37.822 v. 1.1.0, the cell splitting scenario is identified by the creation of separate cell identifiers at the physical layer:
-
Each of the beams broadcasts different PCI. 

The solutions provided in TR section 4.2.1 are also based on that one of the cells resulting from the split operation will use the PCI of the initial cell. 
Many variants of cell topologies before and after cell split can be imagined. For this initial evaluation we will use the  schematic representation in Fig. 1. In this representation each rectangle represents the geographic coverage of a cell. As can be seen the cell B1 is split into two cells while the neighbouring cells A1 and C1 both remain remain unchanged.
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Fig. 1: Schematic representation of cell split / merge states.
In line with the agreed problem statement included in the TR section 4.2.2, it is clear that the cells B1, B2 and B3 in Fig. 1 will not have the same properties. One example of such differing properties will be the neighbour list. 

Another example of differing cell properties is the Handover Trigger. While in the studied scenario the handover trigger negotiated between cell A1 and B1 will also apply between A1 and B2, it will not apply between A1 and B3. In the same way the handover trigger negotiated between B1 and C1 will be valid after the split between C1 and B3 (despite the change of physical cell id), but not between C1 and B2. 

In addition to an entirely centralized (OAM-based) solution, the TR describes two solutions based on inter-eNB signalling (section 4.2.2):

"Another solution is to send an indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 

The explicit indicator could for example be an optional IE included the Served Cell Information IE exchanged over X2. 

One example of an implicit indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback of this is that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell."

In the following part of the present paper we refer to the "explicit indicator" as solution 1, and the "implicit indicator" as solution 2. 
Concerning solution 1 we believe it should first be clarified that the explicit indicator is used to inform about a change of coverage only. In the case of the scenario in Fig. 1, the cells B1 and  B2 would then use the same ECGI (and hence also the same PCI), while B3 would use a different ECGI/PCI. 
In the opposite case, if the same ECGI were kept for the cells B1/B2/B3, this would mean to support simultaneous use of two different PCIs under the same ECGI. This would have far-reaching protocol impact and functional impact on many use-cases relying on ECGI uniqueness. We have included an overview of X2AP impact of such approach in the annex of this paper.
It should also be noted that neighbour information in X2 Setup and eNB Configuration Update procedures is not contained in the Served Cell Information IE, and will hence need to be explicitly resignalled each time the coverage indicator for a cell is updated.
Proposal 1: Clarify in TR 37.822 that the explicit indicator is used to inform about coverage change only, and that an extra cell (ECGI/PCI) is created.
Our text proposal for TR section 4.2.2 is:

Another solution is to send a coverage indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 

The explicit coverage indicator could for example be an optional IE included in the Served Cell Information IE exchanged over X2. Cell split will be informed using the coverage indicator in addition to creation of an extra cell.
One example of an implicit coverage indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback of this is that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell.
For clarity, we would like to summarize the solutions as follows:
· Solution 1: Keep same ECGI (B) for cells B1 and B2, but use an explicit indicator for the coverage state,  typically a new IE in Served Cell Information IE. B1 and B2 will use the same PCI, but a new ECGI/PCI will be allocated to B3. 

·  Solution 2: B1, B2 and B3 will correspond to different ECGIs. The solution offers flexibility whether cell B2 should keep PCI b from cell B1, or whether a different PCI e should be used.

2.2
Comparison of the solutions 
We believe standardisation impacts should be evaluated for these solutions, and X2AP functions could be used as a starting point.

Proposal 2: Use the X2AP functions as a starting point for evaluation of standardisation impacts from solutions described in section 4.2.2.

	Function
	Elementary Procedure(s)
	Impacts of solution 1 
	Impacts from solution 2

	Mobility Management
	a) Handover Preparation
b) SN Status Transfer
c) UE Context Release

d) Handover Cancel
	Handovers will be used in the transition phase.
	Handovers will be used in the transition phase.

	Load Management
	a) Load Indication

b) Resource Status Reporting Initiation

c) Resource Status Reporting
	Resource Status Reporting can be started for the newly added ECGI at cell split. Reported measurements may become irrelevant for the receiver in case of cell coverage change.
	Resource Status Reporting can be started for the newly added ECGIs at cell split.

	Reporting of General Error Situations
	Error Indication
	No impact.
	No impact.

	Resetting the X2
	Reset
	No impact  (assuming it is clarified that the active cell state is preserved in case of X2 Reset).
	No impact.

	Setting up the X2
	X2 Setup
	Per served ECGI: Add list of cell states. Indicate the active state per served ECGI at cell setup.

(Note that the signalled neighbour information is only valid for the active cell state).
	No impact.

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation
	At cell split/merge: Send update of active state and new neighbour information list, in addition to cell addition/deletion. The reception of updated neighbour information list may trigger sending of eNB Conf Update to other neighbour eNBs.
	At cell split/merge: Scenario will be handled as either cell addition / deletion (no protocol impact) or  cell switch-off / wake-up (dormant mode).

	Mobility Parameters Management
	Mobility Settings Change
	Negotiation to be done per cell state. 
	No impact.

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report
	ECGIs will be treated according to the known cell state. 
	No impact.

	Energy Saving
	a) eNB Configuration Update

b) Cell Activation
	To be clarified in which state the cell is activated (woken up).
	No impact.


Once the table completed and solutions fully understood for X2 it can be considered that solution 1 has significantly higher impacts than solution 2. It makes sense to go for solution 2.

Proposal 3: RAN3 to discuss and confirm the protocol impacts analysed here above and capture the table in TR 37.822.

Proposal 4: Choose solution 2.

3
Conclusion
We have brought the following proposals :
Proposal 1: Clarify in TR 37.822 that the explicit indicator is used to inform about coverage change only, and that an extra cell (ECGI/PCI) is created.

Proposal 2: Use the X2AP functions as a starting point for evaluation of standardisation impacts from solutions described in section 4.2.2.

Proposal 3: RAN3 to discuss and confirm the protocol impacts analysed here above and capture the table in section 2.2 in TR 37.822.

Proposal 4: Choose solution 2.

Annex
The following table gives an overview of X2AP impacts for a variant of solution 1 allowing multiple PCIs per ECGI.

	Function
	Elementary Procedure(s)
	Impacts of solution 1 including multiple PCI per ECGI

	Mobility Management
	a) Handover Preparation
b) SN Status Transfer
c) UE Context Release

d) Handover Cancel
	Handovers will be used in the transition phase.

When multiple PCIs are used, the target cell as proposed by the source eNB can not be determined from HANDOVER REQUEST. Target eNB will need to use reported UE measurements.

	Load Management
	a) Load Indication

b) Resource Status Reporting Initiation

c) Resource Status Reporting
	Load Indication will report "double set of values" for split cells. Resource Status Reporting may continue at cell split/merge, but report "double set of values" for split cells.

	Reporting of General Error Situations
	Error Indication
	FFS

	Resetting the X2
	Reset
	No impact  (assuming it is clarified that the active cell state is preserved in case of X2 Reset).

	Setting up the X2
	X2 Setup
	Per served ECGI: Add list of cell states, including PCI list per cell state. Indicate the active state per served ECGI at cell setup.

(Note that the signalled neighbour information is only valid for the active cell state).

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation
	At cell split/merge: Send update of active state and new neighbour information list.  This may trigger eNB Conf Update sent to other neighbour eNBs.

	Mobility Parameters Management
	Mobility Settings Change
	Negotiation to be done per cell state. 

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report
	ECGIs will be treated according to the known cell state. If the cell state involves multiple PCIs the reported ECGIs (in RLF Indication, HO Report, UE RLF Report) are no longer unique might not be used. 

	Energy Saving
	a) eNB Configuration Update

b) Cell Activation
	To be clarified in which state the cell is activated (woken up).
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