3GPP TSG-RAN WG3#83-BIS
R3-140797
San Jose del Cabo, Mexico, 31 March-4 April 2014

Agenda Item:
10.2
Source: 
Ericsson 
Title:  
Analysis of SON for AAS cell splitting/merging scenarios
Document for:
Discussion 
1 Introduction

In RAN3#83 the problems involving cell splitting/merging in terms of impact on the connected UEs in the cell that is about to undergo split/merge were discussed and also the impact on SON functions in the neighbouring cells was treated. 
In this paper, an evaluation of the different solutions proposed in TR37.822 [1] is discussed and modifications are suggested.
2 Discussion

2.1 Problem description

There are two different aspects that are related to AAS scenario discussed in TR37.822 [1].

1) Decision to split/merge
2) Notification to neighbours

In the current evaluation table in TR37.822 the two problems above are discussed at the same time and seem to be interdepending.

In order to make the evaluation clear, both these aspects need to be evaluated separately as they represent different option for different stages of the split/merge process.

Observation 1: Guidance to the interpretation of the evaluation table in TR37.822 is required to understand the distinction and impact of split/merge triggering and split/merge notification
	Neighbour Notification
	Split/ Merge Triggering

	
	OAM triggered
	eNB triggered

	OAM based notification
	Impact on active UE : 
Impact on MRO : 

Impact on non-RAN3 aspects :
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects :

	Explicit X2 notification
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 

	Implicit notification
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 


Table 1: New evaluation table for AAS SON functionality
In order to help the understanding of the impact of decision making and notification separately, it is proposed to consider Table 1 as a template for further evaluations. The objective is to let the evaluation address the points listed in Table1, i.e.:
Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects :
Proposal 1: It is proposed to use the evaluation table given in Table 1 as a guidance template for the solutions evaluation in TR37.822. 
In the following sections an analysis is carried out according to the problem split outlined in Table 1.

2.2 Split/Merge triggering
There are two possibilities concerning who controls the split/merge decision:

1) OAM controlled split/merge triggering
2) eNB controlled split/merge triggering
In the eNB controlled split/merge triggering, the eNB is pre-configured with a set of allowed split/merge states by the OAM (to ensure coverage) amongst which the eNB can chose dynamically. In this case, the eNB carries out the split/merge procedure when least number of active UEs are affected due to the split/merge.

In the OAM controlled split/merge triggering, the OAM configures the eNB to actualise a split/merge procedure. Note that, it is not necessary for the eNB to do the split/merge immediately but only do it when the conditions are optimal for it. When the eNB actually carries out the split/merge, it re-notifies the OAM about the split/merge action.
Observation 2: OAM based split/merge decision can still allow an eNB to control when the actual split/merge process is carried out. 
2.3 Neighbour Notification

Neighbouring cells needs to know when the given cell undergoes a split/merge. Neighbours will benefit from this knowledge in the following way:

1) Avoid  handover triggering towards a cell that is about to change configuration (impacts active UEs)
2) Configure the mobility parameters towards the newly formed cell correctly (impacts on MRO)
3) Knowledge about what to do with the collected statistics towards the cell about to change (impacts on SON functions)
There are different ways of notifying the neighbouring cells.
1) Explicit notification

a. OAM based notification

b. X2 based notification

2) Implicit notification

Proposal 2: Above mentioned ordering of notification is proposed for the TR37.822 [1].
2.3.1 Explicit – OAM based notification

In the OAM based notification procedure, the OAM can inform the neighbours about the split/merge of one of the cells and also configure the corresponding changes of mobility parameters in each eNB. Some of the implications of using OAM based notification are:
1) When the eNB based split/merge triggering (section 2.2) is used, OAM based notification could introduce delays in using proper handover parameters in the neighbours towards the cell that underwent the change. This delay could also introduce additional handover failures for the active UEs that are already handing over from the neighbour towards the split/merged cell.

2) Even in the OAM based split/merge triggering (section 2.2), the OAM based notification could introduce a delay affecting when the eNB carries out split/merge and when the neighbours get notified. This is due to the freedom available for eNB to take the actual action when it is desired.
3) OAM can configure all the mobility parameters directly to all the neighbouring cells.
4) OAM based notification could be useful when X2 connection is not available and to overcome the short comings of X2-less implicit notification.

5) PCI allocation during the split/merge could be implementation specific and produce results similar to explicit-X2 based notification.

Observation 4: When OAM based triggering of split/merge is used along with OAM based notification to the neighbours, the eNB that undergoes split/merge should notify the OAM about the change so that OAM can subsequently inform the neighbours. 
Observation 5: OAM based notification can introduce a small delay during which active UE handover from the neighbours to the cell undergoing split/merge could fail

Observation 6: OAM based notification is beneficial when X2 connection is not available and to overcome the short comings of X2-less implicit notification
2.3.2 Explicit – X2 based notification

In the explicit notification procedure an Information Element (IE) in the X2 signalling protocol (e.g. eNB CONFIGURATION UPDATE message) is used to indicate the changes in the cell configuration. The change here could refer to split, merge or a coverage change. Some of the implications of explicit X2 based notification are:

1) It requires X2 connection

2) It allows for a comprehensive solution from neighbouring cell point of view independently of whether the eNB or the OAM trigger the split/merge.

3) Handover of active mode UEs from the neighbouring cell towards the cell undergoing change could be prevented as there is no delay in action of split/merge and notification.
4) It provides a comprehensive solution to all coverage related changes, split/merge/coverage modification.
5) At any point in time, the neighbouring eNBs will know the active cells at the eNB undergoing cell split/merge. 

6) It allows for implementation freedom in choosing the PCI for the newly formed cell in comparison with the previously existing cell. Neighbours will get to know what PCI is being used for what cell and modify their mobility settings upon reception of the X2 message. In case of re-use of PCI, when the neighbouring cell receives the X2 message, it will modify its cell configuration according to the requirement of the new cell (new E-CGI) although it is using the same PCI. Therefore, PCI allocation can be made optimal depending on whether re-using the PCI is more beneficial or allocating new PCI values is more beneficial in a given network scenario. 
Observation 7: Explicit X2 based notification provides a comprehensive solution for all triggering cases and also it provides more implementation freedom for the way PCI values are allocated during split/merge.
Observation 8: Explicit X2 based notification can be used for split, merge and also coverage change related notifications.

2.3.3 Implicit notification

Implicit notification is a way of always using new PCI values upon split/merge in comparison with the PCI value of the cell before split/merge. Some of the implications of the implicit notification methods are:

1) There is no pre-notification for the neighbours to know that a cell is undergoing a split/merge.

Knowledge of whether a certain cell configuration is used or not depends on how neighbour eNBs interpret eventual notifications of dormant and active cells. This might cause problems e.g. when dormant/active cells are configured for energy saving purposes or when a change of active cells is not interpreted as a change of cell footprint. The latter may lead to mobility performance degradation due to lack of timely adjustments of mobility parameters. Observation 9: Implicit notification is a post-change identification method in the neighbouring cells

Observation 10: Implicit notification method may affect mobility performance and MRO due to possible lack of coordination between neighbour eNBs on cell configuration changes
2.4 Impact on non-RAN3 aspects  
There are other non-RAN3 aspects like positioning that could be impacted by the AAS changes. This is mainly due to the way PCI values will be used in the newly formed cells compared to the previous cells. 

In fact, from the point of view of OTDOA, the way PCI is allotted during the split/merge process can have some impact. In OTDOA, the PCI is used to control the frequency offset of PRS (PCI modulo 6). Therefore, when a PCI is re-used during the cell split scenario, it restricts the number of PCIs that could be used by one of the other newly formed cell. The other cell could not use a PCI which is a multiple of 6 of the PCI of the original cell. 

On the other hand, using new PCIs for every split/merge cell could quickly run into a situation of PCI shortage e.g. in a dense network and if we consider multiple split from the same cell.

Observation 11: Allowing the re-use of PCI will have slightly higher restrictions on the available PCI values to the other cell. 

Observation 12: Allowing the re-use of PCI will help in collision free PCI allocation in very dense networks and when multiple split/merge is allowed.  

3 Conclusions
This paper analysed scenarios involving cell configuration changes and cell coverage modifications. A number of observations have been made, based on which the following conclusions and proposals are drawn:
Conclusion 1: eNB controlled and OAM controlled split/merge have similar impact on active UEs in the network as the eNB can be allowed to decide the most appropriate time for triggering the split/merge also in the OAM controlled split/merge case. 

Conclusion 2: X2 based explicit notifications will cover procedures for split, merge and coverage changes and also allow implementation freedom towards PCI usage depending on the UE distribution and PCI availability.
Conclusion 3: When the X2 connection is not available, the OAM based notification or the implicit notification methods could be used. OAM based notification is more beneficial in this case as it allows for flexibility in PCI usage and also informs the neighbours quickly in comparison with implicit notification.

Proposal 1: It is proposed to use the evaluation table given in Table 1 as a template guidance for solutions evaluation.
Proposal 2: It is proposed to include the below mentioned changes in the TR37.822.
Based on above observations and conclusions, modifications to the below text proposals are made. It is proposed to agree to the new text.
3 Text Proposal

4.2.1
Impact of AAS SON functionality

Problem description:

There are two different aspects that are related to AAS scenario:

1) Decision to split/merge

2) Notification to neighbours

In the current evaluation table in TR37.822 the two problems above are discussed at the same time and seem to be interdepending.

In order to make the evaluation clear, both these aspects need to be evaluated separately as they represent different option for different stages of the split/merge process.

Observation 1: A guidance to the interpretation of the evaluation table in TR37.822 is required to understand the distinction and impact of split/merge triggering and split/merge notification
	Neighbour Notification
	Split/ Merge Triggering

	
	OAM triggered
	eNB triggered

	OAM based notification
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects :
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects :

	Explicit X2 notification
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 

	Implicit notification
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 
	Impact on active UE : 

Impact on MRO : 

Impact on non-RAN3 aspects : 


Table 1: New evaluation table for AAS SON functionality

In order to help the understanding of the impact of decision making and notification separately, it is possible to consider Table 1 as a template for further evaluations.

4.2.3
Connection failures due to cell splitting/merging
…….

Solutions:

[….]
4.
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. There are two options for the notification: 
a. Explicit notification: Either based on X2 notification or based on OAM notification

b. Implicit notification: By changing the PCI of some/all the cells involved in the configuration change


4.2.3
Impact on MRO

Problem description:
MRO is used to optimise mobility parameters. This optimisation is normally assumed to be done for a static coverage scenario, or at least a scenario with infrequent changes to the coverage. If we introduce the scenario where we change the coverage dynamically for example when we split or merge cells with AAS, this could result in quick and frequent changes to the coverage of the cells. MRO could probably, given enough time, adjust to the new coverage scenario, but during the meantime (while MRO is trying to find the optimal point) the mobility parameters will not be adjusted properly, which may lead to increased mobility failures. 
Solutions:

One solution could to let OAM reconfigure all the mobility parameters of all involved cells at each reconfiguration. This would require that the eNB informs OAM about the MRO state (e.g. the current HO trigger) before the reconfiguration. The benefit is that no new signalling over X2 is needed and the eNB does not need to store any additional information. 

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. The explicit indicator may be relative to a change of cell configuration or a modification of cell coverage for one or more cells.

One example of an implicit indicator is to re-use the ECGI and/or PCI and always use different ECGI and different PCI for different coverage configurations (e.g. newly activated cells). If the PCI is changed, too, then the drawback of this is that every time the coverage configuration is changed, the PCI and ECGI must be changed, which would impact active mode UEs in the reconfigured cell.  
The solutions described for notifying the neighbours above can be summarized as:
1. Explicit Indicator

a. OAM based notification with or without re-configuration of HO parameters
b. X2 based notification

2. Implicit Indicator





Evaluation:

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. The criteria used for evaluating are presented below:

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.

The evaluation of the solutions is summarised in the Table 4.2.2-1. In the table below, both the impact of different methods of triggering cell configuration changes and the impact of different methods of notifying the neighbours is captured.
NOTE: The table 4.2.2-1 is for information only (evaluation incomplete). 
Table 4.2.2-1: Evaluation of the solutions to address the impact of AAS SON functionality 
	
	Impact on active mode UEs
	Impact on SON
	Impact on functionality outside the RAN3 scope

	1.a
	
In the OAM based split/merge trigger, the eNB could still be allowed to decide on the most appropriate timing for effectuating the split/merge. This would require the eNB to re-inform when it has split/merged to OAM.

If OAM based split/merge and OAM based notification is used, there will be a small delay in informing the neighbours about the split/merge which could induce some incoming active UE HO failure.
	OAM may reconfigure SON and thus make the change transparent;

OAM must store and exchange SON context with eNBs;
If OAM is used only to transfer notification of cell split/merge from one of the eNBs, it may introduce delays.
	Dynamic deployment changes based on AAS may impact services relying on deployment stability, which are not part of the network, e.g. MDT or positioning based on cell IDs.

	1-b 

	Allows for more freedom in allocating PCI to the new cells based on UE distribution and PCI availability, which could have less impact on active mode UEs in the split/merge cell’s coverage.

	The explicit X2AP indicator is meant to mitigate impact on MRO by enabling local switching of SON contexts.
Provides more comprehensive solution to all split/merge/coverage related changes that help neighbour’s MRO decision making.
	Dynamic deployment changes based on AAS may impact services relying on deployment stability, which are not part of the network, e.g. MDT or positioning based on cell IDs.
Re-using the PCI might restrict the sample space for choosing the PCI of other newly formed cells while using new PCI values to both the cells allow one to have larger sample space to work with.

Re-using the PCI is beneficial in collision free PCI allocations in denser networks and when multiple split/merge is allowed in the same cell’s coverage.

	2
	Using new PCI values will impact more active UEs that needs to re-configuration of all active mode UEs.


	The implicit indicator is meant to mitigate impact on MRO by enabling local switching of SON contexts. In case the X2 is not available the implicit indication could occur via neighbour cell measurement reports.
Neighbour cell configuration changes are dependent on interpretation of active/dormant cell notification or events revealing neighbour cell footprint (e.g. UE measurements).
Mis-interpretation of neighbour cell configuration changes could lead to mobility performance degradation


	Dynamic deployment changes based on AAS may impact services relying on deployment stability, which are not part of the network, e.g. MDT or positioning based on cell IDs.

As New PCIs needs to be used for split/merged cells, there is a larger sample space to choose the PCI values from. 
In denser networks and when multiple split/merge is carried out there could be limitations due to using additional PCI values.
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