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1
Introduction
In RAN3#80 a number of questions were raised concerning the cell merging/splitting scenario proposed in the SON for AAS topic. 

These questions were captured in TR 37.822 as follows:
Scenario descriptions involving cell splitting should provide answers to the following questions:

1.
Should cell splitting occur in zones freely defined by the eNB, or only according to OAM preconfigured geographical information?

2.
Should the RAN provide particular information to OAM in order to help configuration of geographical or other information related to cell splitting?

3.
Should the cell splitting, once defined by OAM, be permanently activated?

4.
Should the OAM system be able to activate/de-activate the cell splitting (cell merging)?

5.
Should the eNB be able to autonomously activate (the possibly OAM preconfigured) cell splitting? If so which kind of information is needed?

6.
Should the eNB be able to autonomously de-activate cell splitting (cell merging)? If so which kind of information is needed?

7.
Should intra-frequency scenarios be considered?

8.
Should inter-frequency scenarios be considered?

In this paper answers to the questions above are provided. 

2
Answers to questions on SON for AAS

In this section a discussion on the questions captured in TR37.822 is provided by means of replying to the questions.
1.
Should cell splitting occur in zones freely defined by the eNB, or only according to OAM preconfigured geographical information?

A1) 
One of the assumptions captured in TR 37.822 regarding cell splitting is that the overall coverage of the split cells is equivalent to the coverage of the original single cell. This has been captured in section 4.2.1 as follows:
Cell splitting

-
The solution adopts higher order sectorisation (vertical, horizontal or a combination) to selected base stations by changing an antenna system to include more antenna beams, each covering a smaller area than before the change – however, the main coverage of the combined beams correspond to the main cell coverage before the split. 

The wording used by the definition above deliberately highlights that “the main coverage of the combined beams” should not change with respect to the non-split cell. This is because when a cell is split in two it is inevitable that the overall coverage of the combined cells would change.
Firstly, in intra frequency cases, the inter-cell interference at the overlapping area between split cells, which was not present before the split, would imply degraded radio conditions compared to before the split. Secondly, it is practically very unlikely that by splitting a cell in two beams, with their own tilt, direction and transmission power, one can achieve exactly the same coverage of the original cell. 
Therefore, it is advisable that the process of splitting cells is carried out in a controlled and preconfigured way, i.e. by selecting splitting configurations that have been validated in terms of coverage continuity.
The above suggests that cell splitting is something that should not follow a dynamic configuration, e.g. selected by the eNB in an ad hoc way. 
Moreover, as explained in [1], the following issues imply that cell splitting cannot be actuated on a dynamic and short time scale basis: 
· Split cell reconfiguration, i.e. creation of a new cell and reduction of coverage of an existing cell

· Coordination of neighbour cells reconfiguration, i.e. PCI coordination, mobility thresholds, neighbour relations, etc.

· Coordination with OAM, i.e. notification of active configuration, active cells etc.

· Coordination of UE mobility while splitting cells, e.g. how to handle UEs served by a shrinking cell  

· Coordination of inter cell functions such as ICIC, eICIC, load balancing

In light of the above it appears that cell splitting activation and coordination is something that should be handled by the OAM system. Namely, the OAM system may be preconfigured with splitting configurations, which can be activated if certain conditions are monitored.
2.
Should the RAN provide particular information to OAM in order to help configuration of geographical or other information related to cell splitting?

A2) The OAM system is already capable of monitoring an extensive range of measurements, as described in [2]. Amongst these measurements it is also possible to find statistics that reveal the distribution of  UEs positions and the overall utilisation of resources in a given cell. 
For example, For example, the OaM can have access to network based positioning statistics based on eNB and/or UE measurements .
This information could be used to deduce the geographical distribution of UEs and whether the load in the serving cell is such to require cell splitting. 

Therefore, it is believed that the OAM system has already enough information to deduce when the splitting has to occur.
Moreover, the OSS system is able to access statistics from multiple RAN sites and it is able to gain an overall view of the UE distribution, resource utilisation and network performance for a whole deployment. This enables a more robust decision making process for triggering cell splitting.

3.
Should the cell splitting, once defined by OAM, be permanently activated?

4.
Should the OAM system be able to activate/de-activate the cell splitting (cell merging)?

A3/4) Whether to maintain a sectorised configuration, i.e. a configuration with increased numbers of sectors, is highly depending on the deployment scenario. The type of scenario defined for SON for AAS in tR37.822 is as follows:
“The scenarios assume high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.”

In a situation where the hot spots of traffic demand are consistently localised in space and are present for most of the time, or appear/disappear with a relatively short time period, it would be plausible to permanently adopt the cell splitting configuration.
On the other end, if the traffic hotspots are not consistently localised in space and appear in time with rather long periods, it may be plausible to allow a switch back, from the splitting configuration to a merged one. 

It should be noted that a splitting and merging approach (as opposed to splitting only) is feasible only if the advantages of moving back to a merged configuration (e.g. reduced number of handovers, reduced interference, etc.) outweigh the disadvantages of changing cell configurations (e.g. handling mobility for UEs served by cells to be removed, reconfiguring neighbour eNBs/cross eNB functions, etc.) 

5.
Should the eNB be able to autonomously activate (the possibly OAM preconfigured) cell splitting? If so which kind of information is needed?
6.
Should the eNB be able to autonomously de-activate cell splitting (cell merging)? If so which kind of information is needed?
A5/6) For the same reasons detailed in A1), according to which the decision on selection of cell splitting configuration is better placed in the OAM system, it would not be appropriate for the eNB to activate cell splitting and it would be appropriate for the OAM system to trigger the action of reverting to a cell merged configuration. 
In fact, the OAM system needs to anyhow be involved in the configuration change due to cell splitting/merging.
Above all, the OAM system has visibility over neighbor eNBs changes of configuration. This implies that the OAM system is better suited to coordinate splitting and merging amongst neighbor eNBs, in a way to ensure coverage continuity, i.e. ensuring that neighbour eNBs chose configurations that are coordinated with each other and that guaranteed coverage and sufficient capacity. 
Also, for the reasons explained in A1) the frequency in time of cell splitting and merging allowed by the OAM system is sufficient. Faster adjustments to cell coverage and capacity can be achieved by means of Cell Shaping and beam-forming solutions.
7.
Should intra-frequency scenarios be considered?

8.
Should inter-frequency scenarios be considered?

A 7/8) The main advantage of cell splitting is the possibility of duplicating radio resources in the same frequency.

Hence, the main scenario for a solution based on cell splitting is an intra-frequency scenario, where resources on the frequency in use become not sufficient for serving UEs in the whole coverage area and where a new cell needs to be created to make time-frequency resources available in full in the coverage area of the new cell.

It is plausible to think that if e.g. two carrier frequencies are available, it would be best to exploit the available frequency at their maximum and overlap two cell layers each using one of the frequencies available.
3
Conclusion
In this contribution answers to questions listed in TR 37.822 concerning cell splitting solutions for SON for AAS have been provided.

From the answers it can be appreciated that cell splitting is considered a less dynamic mechanism to adapt coverage and capacity to changes of traffic loads. This is due to the high impact on the overall system that a cell splitting reconfiguration has, which does not allow such approach to be used at short time scales and in an un-planned way.

In TR 37.822 other approaches have been described, such as beam forming and cell shaping. As already described in these solutions descriptions, these mechanisms are better suited to address fast changing load demand conditions while maintaining the reconfiguration impact on the system to the minimum.

Conclusion: It is proposed to capture the answers provided in section 2 in TR 37.822, as shown in section 5
4 References

[1]
R3-130920, “SON for AAS: Scenario Prioritization”, Ericsson

[2]
“Performance Management (PM); Performance measurements; Evolved Universal Terrestrial Radio Access Network  (E-UTRAN) (Release 10)”; TS 32.425 V12.0.0
5 Text proposal

It is proposed to apply the following changes to TR 37.822:

-------------------------------------------------------------------------------

5.1 4.2
SON for AAS-based deployments

The objective of SON for AAS task should be to evaluate whether SON mechanism could be beneficial to optimize inter-operability of AAS operations. Also, as part of the task, an evaluation should be performed of whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities.
Scenario descriptions involving cell splitting should provide answers to the following questions:

1.
Should cell splitting occur in zones freely defined by the eNB, or only according to OAM preconfigured geographical information?
A1) One of the assumptions captured in TR 37.822 regarding cell splitting is that the overall coverage of the split cells is equivalent to the coverage of the original single cell. This has been captured in section 4.2.1 as follows:

Cell splitting

-
The solution adopts higher order sectorisation (vertical, horizontal or a combination) to selected base stations by changing an antenna system to include more antenna beams, each covering a smaller area than before the change – however, the main coverage of the combined beams correspond to the main cell coverage before the split. 

The wording used by the definition above deliberately highlights that “the main coverage of the combined beams” should not change with respect to the non-split cell. This is because when a cell is split in two it is inevitable that the overall coverage of the combined cells would change.
Firstly, in intra frequency cases, the inter-cell interference at the overlapping area between split cells, which was not present before the split, would imply degraded radio conditions compared to before the split. Secondly, it is practically very unlikely that by splitting a cell in two beams, with their own tilt, direction and transmission power, one can achieve exactly the same coverage of the original cell. 
Therefore, it is advisable that the process of splitting cells is carried out in a controlled and preconfigured way, i.e. by selecting splitting configurations that have been validated in terms of coverage continuity.

The above suggests that cell splitting is something that should not follow a dynamic configuration, e.g. selected by the eNB in an ad hoc way. 
Moreover, as explained in [1], the following issues imply that cell splitting cannot be actuated on a dynamic and short time scale basis: 

· Split cell reconfiguration, i.e. creation of a new cell and reduction of coverage of an existing cell

· Coordination of neighbour cells reconfiguration, i.e. PCI coordination, mobility thresholds, neighbour relations, etc.

· Coordination with OAM, i.e. notification of active configuration, active cells etc.

· Coordination of UE mobility while splitting cells, e.g. how to handle UEs served by a shrinking cell  

· Coordination of inter cell functions such as ICIC, eICIC, load balancing

In light of the above it appears that cell splitting activation and coordination is something that should be handled by the OAM system. Namely, the OAM system may be preconfigured with splitting configurations, which can be activated if certain conditions are monitored.
2.
Should the RAN provide particular information to OAM in order to help configuration of geographical or other information related to cell splitting?
A2) The OAM system is already capable of monitoring an extensive range of measurements, as described in [2]. Amongst these measurements it is also possible to find statistics that reveal the distribution of  UEs positions and the overall utilisation of resources in a given cell. 
For example, For example, the OaM can have access to network based positioning statistics based on eNB and/or UE measurements .
This information could be used to deduce the geographical distribution of UEs and whether the load in the serving cell is such to require cell splitting. 

Therefore, it is believed that the OAM system has already enough information to deduce when the splitting has to occur.
Moreover, the OSS system is able to access statistics from multiple RAN sites and it is able to gain an overall view of the UE distribution, resource utilisation and network performance for a whole deployment. This enables a more robust decision making process for triggering cell splitting.

3.
Should the cell splitting, once defined by OAM, be permanently activated?

4.
Should the OAM system be able to activate/de-activate the cell splitting (cell merging)?
A3/4) Whether to maintain a sectorised configuration, i.e. a configuration with increased numbers of sectors, is highly depending on the deployment scenario. The type of scenario defined for SON for AAS in tR37.822 is as follows:

“The scenarios assume high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.”

In a situation where the hot spots of traffic demand are consistently localised in space and are present for most of the time, or appear/disappear with a relatively short time period, it would be plausible to permanently adopt the cell splitting configuration.

On the other end, if the traffic hotspots are not consistently localised in space and appear in time with rather long periods, it may be plausible to allow a switch back, from the splitting configuration to a merged one. 

It should be noted that a splitting and merging approach (as opposed to splitting only) is feasible only if the advantages of moving back to a merged configuration (e.g. reduced number of handovers, reduced interference, etc.) outweigh the disadvantages of changing cell configurations (e.g. handling mobility for UEs served by cells to be removed, reconfiguring neighbour eNBs/cross eNB functions, etc.) 

5.
Should the eNB be able to autonomously activate (the possibly OAM preconfigured) cell splitting? If so which kind of information is needed?

6.
Should the eNB be able to autonomously de-activate cell splitting (cell merging)? If so which kind of information is needed?
A5/6) For the same reasons detailed in A1), according to which the decision on selection of cell splitting configuration is better placed in the OAM system, it would not be appropriate for the eNB to activate cell splitting and it would be appropriate for the OAM system to trigger the action of reverting to a cell merged configuration. 
In fact, the OAM system needs to anyhow be involved in the configuration change due to cell splitting/merging.
Above all, the OAM system has visibility over neighbor eNBs changes of configuration. This implies that the OAM system is better suited to coordinate splitting and merging amongst neighbor eNBs, in a way to ensure coverage continuity, i.e. ensuring that neighbour eNBs chose configurations that are coordinated with each other and that guaranteed coverage and sufficient capacity. 
Also, for the reasons explained in A1) the frequency in time of cell splitting and merging allowed by the OAM system is sufficient. Faster adjustments to cell coverage and capacity can be achieved by means of Cell Shaping and beam-forming solutions. 

7.
Should intra-frequency scenarios be considered?

8.
Should inter-frequency scenarios be considered?
A 7/8) The main advantage of cell splitting is the possibility of duplicating radio resources in the same frequency.

Hence, the main scenario for a solution based on cell splitting is an intra-frequency scenario, where resources on the frequency in use become not sufficient for serving UEs in the whole coverage area and where a new cell needs to be created to make time-frequency resources available in full in the coverage area of the new cell.

It is plausible to think that if e.g. two carrier frequencies are available, it would be best to exploit the available frequency at their maximum and overlap two cell layers each using one of the frequencies available.
