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1   Introduction
The notification for SON for AAS was discussed in RAN3#87b and the way forward was agreed in R3-150876. In this document we analyze the remaining open issues and propose how to conclude this WI.
2   Discussion

In this section we discuss some of the open issues in the agreed WF. 
2.1   Per cell or per eNB
Two proposals have been brought forward so far:

· Indicating the configuration per cell

· Indicating the configuration per eNB

In the discussion so far, the following main arguments have been brought forward: 

· Indicating the configuration per eNB provides a simple way to clearly identify the current state.

· Indicating the configuration per cell would enable to transfer more explicit information (e.g. which cell changed) and may be helpful to guide the MRO in the receiving eNB. 

First, we would like to elaborate more about the properties of the solution to indicate the state per cell. Basically, if we allow each cell to report a state [0..15], and each eNB will handle e.g. 6 cells, this will result in 96 configurations . Each eNB state would be represented by a set of states for each cell, e.g. imagine that we have a total of three cells, where the cells are configured so that A is an omni cell and B and C is the result of splitting A. Further, cell A and C both have two different shapes. This results in 4 possible states.

	eNB state
	A state
	B state
	C state

	1
	1
	0
	0

	2
	2
	0
	0

	3
	0
	1
	1

	4
	0
	1
	2


The difference between the two proposed solutions is if we signal the eNB state, or the separate cell states. In case this is signalled per cell, the receiving eNB would just combine the state per cell to determine the eNB state. And even if we have the ability to report more than 4 states in case we report this per cell, the sending eNB will never report more than what he is configured to use. Therefore, the only drawback of reporting per cell is that we may use more bits over X2. 
On the other hand, the indication only needs to include the cell shapes that have been changed, so in many cases, this overhead will not be large. For example, if we compare the two options discussed so far where we either use:

· One integer [0..256] per eNB (8 bits) and one activity state per cell (1 bit), or

· One integer [0..15] per cell (4 bits)

Then we assume we move between eNB state 1 and 4. In this case the signalling of a per eNB state would require 8 bits for the cell shape and 3 bits for the activity state, resulting in 11 bits. The signalling per cell would require modifications of 3 cells, with 4 bits each, resulting in 12 bits. And when moving between state 3 and 4, the corresponding figures would be 8 and 4 bits. If the configuration involves changing 3 cells or more, signalling the state per cell would require slightly more bits.
Observation 1: The only drawback of signalling the state per cell is that this may require transferring of more bits over X2 if three cells or more are modified.

The benefit from signalling the cell state is that it provides more information to the receiving node. If an eNB state is unknown (not used before), MRO would benefit from knowing which cell(s) were modified. With this knowledge, the MRO in the receiving node could for example understand which cells in the receiving eNB are affected by the change, and which cell relations may need to be optimized compared to previously used states.

Note that there may be alternative solutions to complement the per eNB indicator, e.g. to include a flag for each cell that is modified. But this has not been discussed in detail before, and we believe such a solution would actually be even more complicated than the per cell indication.

Observation 2: It is beneficial to indicate cell state since this simplifies the learning for MRO.

Another disadvantage of the per eNB indicator is that the combination of cell states into eNB states is performed in the sending eNB. In case this combination changes, e.g. if we add a new cell shape to cell A in the example above and make this eNB state 3, there is no way for the receiving eNB to understand this. This would however be clear to the receiving eNB is we indicate per cell states. Therefore this would put additional limitations for the combination function, e.g. when adding or removing states, it is not possible to re-use a previously configured state without additional signalling to indicate to the receiving eNB that the combination is modified.
Observation 3: Signalling eNB states adds additional limitations to modify the mapping from cell states to eNB states.

The advantage of indicating per cell state during the learning phase is also accentuated in case the eNB is configured to allow more cell shaping options. Assuming that we allow each cell to support 4 shapes, this will result in many more eNB states. For Cell A, the addition of four states will increase the number of eNB states with 2, but when we add the 4 cell states to B and C, the number of combinations will increase. This is exemplified in the table below.

	eNB state
	A state
	B state
	C state

	1
	1
	0
	0

	2
	2
	0
	0

	3
	3
	0
	0

	4
	4
	0
	0

	5
	0
	1
	1

	6
	0
	1
	2

	7
	0
	1
	3

	8
	0
	1
	4

	9
	0
	2
	1

	10
	0
	2
	2

	11
	0
	2
	3

	12
	0
	2
	4

	13
	0
	3
	1

	14
	0
	3
	2

	15
	0
	3
	3

	16
	0
	3
	4

	17
	0
	4
	1

	18
	0
	4
	2

	19
	0
	4
	3

	20
	0
	4
	4


Note that the situation will be even more severe in case more cells are handled by the same eNB, and the combinations will grow the more cells that are active at the same time. Hence, in case the eNB handles many cells and many shapes, the suggested value of 256 eNB states may not be sufficient. An additional benefit of reporting per cell is that this will scale with the number of cells.
In case many states exists, the receiving eNB may not find it beneficial to store and retrieve all the MRO state for all these configurations (i.e. handle these as separate MRO states). Imagine for example that the difference between cell state 3 and 4 is small for all cells. This would enable the receiving eNB to reduce the number of MRO states that is handled. But how should this limitation be handled in the system? 

One possibility is that the sending eNB limits the number of signalled states. In this case, he would probably be configured by OAM with all states but also configured to only signal a limited number of these. This since it would be very difficult for the sending eNB to determine the impact on MRO in the receiving eNB, and therefore difficult for the sending eNB to limit which states should be indicated. But this would reduce the information available to the receiving eNB, since he will not be informed of all changes that are executed, and will not know also how the filtering was applied, either. The performance will likely be impacted by this. 
Another, better possibility is that the receiving eNB is informed about changes between all states, but it is left to implementation of the receiver to decide how many states he will actually handle as separate MRO states. The sender must process all the changes anyway, so signalling them does not imposes any additional burden thereon.
Observation 4: Indicating all state changes gives more freedom for implementation in the receiving eNB
If the indication is per eNB, it will be difficult for the receiving eNB to know what the relationships between the signalled states are. This eNB has to optimise the MRO state for each state before he can draw any conclusions on which states could be combined.
On the other hand, if we report the cell state, the receiving eNB will understand the relationship between the configurations and this may help him to decide how many MRO states he would like to handle and also give him a better chance to select a good starting point for an unknown state (i.e. a state that has not been used before). 
Observation 5: When indicating all state changes, it is beneficial for the receiving eNB to get this information on a per cell basis.
Therefore, we think that the advantages of reporting the AAS state par cell is bigger compared to the possible drawback of the additional signalling, and we propose:

Proposal 1: Indicate the configuration per cell.

One further possibility is to attempt to merge the benefits from the two alternatives discussed so far. This could for example result in a solution where the eNB state with the help of a separate IE can be mapped to cell states so that later only the eNB state may be signalled at each reconfiguration. Compared to indicating the state per cell every time a cell is reconfigured, this solution could possibly reduce the information sent over X2. In this example, we would need a new IE, similar to the table indicated earlier in this contribution. It is however questionable if this gain is sufficient to justify the burden related to mapping and storing the states (including the logic needed to avoid abnormal conditions). Also, the gain would be reduced in case of more frequent OAM reconfigurations where this full table would need to be updated every time OAM reconfigures one eNB.
2.2   Further describing the functionality

In the baseline CR we have currently described some examples of how the indication may be used. We believe that it would be beneficial to describe this functionality in stage 2 and instead refer to the stage 2 text in stage 3.

We also believe that it would be important to capture the OAM requirements for this in stage 2. 

Based on the above discussion, we propose: 

Proposal 2: Capture the functionality and OAM requirement in stage2.
3   Conclusion / Proposals
In this contribution, we analyze some of the issues in the agreed way forward, and propose to:

Proposal 1: Indicate the configuration per cell.

Proposal 2: Capture the functionality and OAM requirement in stage2.
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