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1
Introduction
During RAN3#82 it was agreed to proceed with a partial evaluation of proposed solutions for AAS. The first part of this evaluation is related to the reuse of the PCI/ECGI belonging to a cell that is split in one of the new cells created by the split.

2
Discussion
2.1
Solution description 
Cell splitting as defined in TR 37.822 results in two cells that broadcast different PCIs. For the purpose of simplification, in the present paper we also make the assumption that different PCIs  also will mean different ECGIs.

The solutions to be evaluated at the present RAN3 meeting are described as follows in the TR:

"The main difference between the suggested solutions is whether or not the PCI/ECGI used by the cell that is split shall be reused by one of the new cells created by the split."

We can therefore clarify the solutions to be compared as follows: 

· Solution 1: Reuse of the ECGI/PCI of the cell that is split in one of the split cells. This solution is associated with cell state information in OAM and possibly also in the eNB. 
· Solution 2: the ECGI/PCI are not reused after the cell split, instead both cells created get their own ECGI/PCI.
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 and 2 below. 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 unchanged. Fig. 1 presents the scenario where one of the split cells reuses ECGI=B and PCI=b of the initial cell B1, while in Fig. 2 a different ECGI=E and a different PCI=e are used.
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Fig. 1: Schematic representation of cell split / merge states based on solution 1, with reuse of cell IDs B/b in one of the split cells. The reuse of cell IDs B/b implies the introduction of cell states for the cell that can be split. The cell states are here denominated state 1 and 2.
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Fig. 2: Schematic representation of cell split / merge states based on solution 2, with use of distinct cell IDs in the split cells.

In line with the problem statement included in the TR section 4.2.2, it is clear that the cells B1-state 1 and B1-state 2 in Fig. 1, or the cells B1and B2 in Fig. 2, 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. 

2.2
Evaluation of the solutions 
According to RAN3#82 agreements the evaluation to be performed at the present meeting focuses on the choice of ECGI/PCI reuse (solution 1 and 2 described above). Because solution 1 in some way will introduce multiple cell states, solutions for such cell state handling (OAM, X2 signalling) cannot be completely covered in the present evaluation.  According to the agreements that can be reached at the present meeting, further evaluation of multiple state handling may therefore be needed at RAN3#83bis.

The evaluation criteria in the TR are:

· Impact on active mode UEs: This criterion evaluates the impact on active mode UEs served by a cell modifying its coverage and/or configuration.

· Impact on SON: This criterion evaluates the impact on SON, i.e. MRO.

· Impact on functionality outside the RAN3 scope: This criterion evaluates the impact on functionality outside the RAN3 scope, e.g. PCI planning, OTDOA.

In addition it seems reasonable also to provide an initial impact analysis on other X2AP procedures.
We believe standardisation impacts should be evaluated for these solutions, and X2AP functions could be used as a starting point.

Impact on active mode UEs
Change of ECGI/PCI in a given zone requires the served UEs in this zone to be handed over to the new ECGI/PCI. This aspect is further analyzed in section 4.2.1, where also a method for simplified handover mechanism is described (needs RAN1/RAN2 verification). Solution 1 will typically require a significant amount (50%?) of the UEs to be handed over, while solution 2 will require all the UEs to be handed over.
Conclusion: Efficient HO methods will be beneficial for both solutions and should therefore be further studied. Such solutions should lead to low UE impact due to cell split.
Impact on SON (i.e. MRO):
The legacy MRO mechanism introduces the Handover Trigger as an attribute related to a given pair of cells. 

Solution 1: A given cell pair will have multiple Handover Triggers, depending on the number of states associated to each cell. E.g. in the scenario in Fig. 1 for the cell pair B1-C1, there will be one Handover Trigger when the cell B1 is in state 1, while no handovers should be performed between cells B1 and C1 when cell B1 is in state 2. The Handover Trigger for the cell pair A1-B1 will remain unchanged after the split. 
In a scenario where two neighbouring cells can be split in two (e.g. A1 and B1), four different links will need analysis and can result in the existence of a Handover Trigger or a "no HO" attribute (cf. ANR). 

It should be taken into account that the studied scenario is a simplified one. Real deployments will have more complex adjacency relations and hence a less schematic set of Handover Triggers and "no HO" attributes before and after the cell split.
RLF Indication and Handover Report procedures: Support for cell state handling will need to be analysed in a further evaluation step, which may also include analysis of UE RLF Report.

Solution 2: The handover trigger negotiated between cell A1 and B1 will also apply between A1 and B2, but 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. 

Conclusion: Solution 1 will provide a complex situation with a variable number of Handover Triggers between neighbour cells. Solution 2 maintains the legacy situation of a single Handover Trigger for a given cell pair, and simple mapping rules can be used during cell split/merge.
Impact on functionality outside the RAN3 scope:
· PCI planning: 

Solution 1: PCI planning and PCI confusion management becomes more complex because a given PCI may correspond to a real neighbour in a given cell state, but corresponds to an overshooting cell in another cell state.
Solution 2: There is a PCI consumption overhead that will depend on the cell split ratio. The overhead is 50% for a cell split ratio of 2, 33% for a cell split ratio of 3, etc...
Conclusion: More complex PCI planning for solution 1, and PCI consumption overhead for solution 2.

· OTDOA, MDT:
Solution 1: The design of these features is based on the assumption of a relatively constant coverage area being attributed to each cell. Significant impact is therefore expected.
Solution 2: No impact.
Impact on other X2AP procedures
We provide below a table containing impacts per X2AP procedures. 
Solution 1: Detailed analysis of impacts needs to be done in a second evaluation step.

Solution 2: Most impacts are covered by the other criteria listed above. For other impacts there are no identified needs for changes in X2AP.
Conclusion: Detailed analysis of multiple cell state handling relative to solution 1 may need to be done in a second evaluation step, which should include, in our understanding, analysis of a centralized OAM-based option versus a distributed option based on X2 signalling. Solution 2 has no significant impacts beyond those covered by the other criteria listed above.
	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, cf. impacts on active mode UEs.
	Handovers will be used in the transition phase, cf. impacts on active mode UEs.

	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: Support for cell state handling to be analysed in a further evaluation step.
	No impact.

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation
	At cell split/merge: Support for cell state handling to be analysed in a further evaluation step.
	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
	Cf. MRO impacts. 
	Cf. MRO impacts.

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report
	Cf. MRO impacts.
	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.


Table 1: Impacts on X2AP.
3
Conclusion
We have provided inputs for an initial evaluation of solutions for AAS, with focus on the  impacts to be expected when the ECGI/PCI of the cell which is split is reused in one of the split cells. The main conclusion is that while such reuse will avoid PCI consumption overhead, it comes at the cost of standard and implementation impacts which seem significant.
Proposal: We propose to capture the evaluation  provided in this paper in TR 37.822.
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