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1   Introduction
At last RAN3#81 meeting some issues on solutions for LTE coverage layer energy saving have discussed. This document discusses the potential solutions related to coverage layer energy saving. The paper concludes with a TP.

2   Discussion 
2.1   Role of OAM in ES 
It is agreed that OAM configures which cells are switched off to reduce the power consumption and which cells are re-configured to provide coverage replacing the coverage of the cells that are switched off when performing energy saving. It is also assumed that only a very limited number of the different coverage configurations are obtained by careful network planning and testing for energy saving. That is to say, in one geographic area, a set of cells each having respective energy saving state (switching off or compensating) will be pre-defined by OAM, and there will be very limited cell state combinations corresponding to different coverage configurations.

Furthermore, In RAN3#81, it was discussed and agreed for AAS: 
The eNB should be able to activate/de-activate the cell splitting using splitting configurations preconfigured by OAM. Under the supervision and validation of OAM (e.g. validation that the configuration is compatible with the neighboring eNB status)

We think the principles for AAS cell splitting could also be applied to ES decision, e.g. the eNB could trigger configuration switch and suggest the preferred coverage configuration to OAM and OAM could permit or refuse the suggested change. 

Proposal 1: The eNB could trigger and suggest a preferred coverage configuration (cells state combination) to OAM and OAM could permit or refuse the suggested change.

2.2   Switch off coordination 
The agreed ES scenarios include cases of multiple ES cells compensated by multiple compensation (CS) cells, and either the ES cells or the compensation cells might belong to different eNBs. Since the intention is to provide a limited set of configurations we assume that it is necessary to coordinate the Switch off of the ES cells.

We assume that the coverage area of a system is partitioned into different areas where each area is configured with alternative coverage configurations for the involved cells and that the compensation (switch on and off) is coordinated within this area. This area may contain one or more ES cells and one or more compensation cells.

 Some alternatives that could be considered are:

· ES cell centric solution:
Any ES cell who intends to switch off could trigger ES status check procedure toward other ES cell and CS cell, if all the involved eNB are ok for the switch off or compensating, the ES cell will indicate the preferred configuration to OAM. If permitted by OAM, the ES cell could trigger Switch off or compensating request to all the involved eNB. 
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Figure1 ES Cell Centric Switch off Coordination
In this solution, the switch off decision is not autonomous in the ES cell. It also requires the ES cells to check with all other ES cells within the same area if they are OK to switch off or not. This may create cases where multiple ES cells initiate compensation at the same time. Further, if an ES cell has not already triggered the switch off, why should he accept a switch off when triggered by a neighbour ES cell? This would require that the ES cells are configured with at least two threshold configurations: one to trigger a switch off and one to accept an incoming switch off.
· CS cell centric solution:

One coordinating compensator cell which could be defined by OAM can decide when to perform switch based on load info from ES cells, and by validating the compensating with the other CS Cells. If all other CS cells agree to compensate, the CS cell will validate the preferred configuration with OAM, and if permitted by OAM, the CS cell could trigger Switch off and compensating request to all the involved eNBs. 
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Figure2 CS Cell Centric Switch off Coordination
Similar to the previous solution, this solution is not aligned with the current solution where the switch off decision is autonomous in the ES cell. In this solution, the decision is made in the compensating cell.

The solution is a bit simpler than the previous solution since there is no need to check whether switch off is allowed in all ES cells. 

· Autonomous Switch off
One coordinator is pre-defined by OAM, which could be any of the eNBs within the defined geographic area. Every ES cell that triggers switch off announces this to the coordinator. If every ES cell is ok to switch off, the coordinator validates the compensation with the other CS Cell, and if all other CS cells are ok to compensate, the coordinator cell will validate this with OAM. If permitted by OAM, the coordinator could trigger Switch off and compensating request to all the involved eNB.
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Figure3 Autonomous Switch off
Unlike the other solutions, this solutions keeps the principle of autonomous switch off, with the modification that the cell is actually not switched off until all other ES cells are ready to be switched off.  This requires that every ES cell need to update the coordinator whenever the preference is changed as result of load variations.
· Conclusion 

In the CS cell centric solution, the CS cell will decide to switch off based on the exchanged load info from ES cells. There may be some possibility that the requested CS eNB cannot be switched off due to some reason other than load info, such as the CS cell is serving a UE with important service which may be more sensitive to the risk for not surviving the transition to/from the energy saving state, such as emergency calls. Therefore the CS cell centric solution should be excluded.
The ES cell centric solution and autonomous switch off solution both can work well, however, they both also has their disadvantages, for example in the ES cell centric solution, there may be some implementation complexity to define two thresholds, and in the autonomous switch off solution, every ES cell need to update the coordinator whenever the preference is changed as result of load variations. We propose to capture the two option2 in the current TR.
Proposal 2: Capture the ES cell centric solution and autonomous switch off solution in the TR.
2.3   Switch on coordination
As discussed in section 2.2, Energy Saving switch off is only permitted when all the ES cells and CS cell are OK with the switch, thus coordination is necessary for switch off procedure. Unlike switch off, switch on is motivated by an increasing load in the CS cell, which is more urgent to resolve than switch off which is motivated by energy saving requirement. The time it takes to switch on the ES cell must be considered when setting the thresholds for switching on the ES cell. Therefore, every CS cell which load is higher than a pre-defined level should be able trigger the switch on request without inquiring other CS or ES cells. 
As discussed earlier, OAM validation is beneficial to ensure the stability of coverage switch. However this validation will delay the switch on procedure and may negatively impact the solution. Therefore we suggest making it FFS if OAM validation is used for switch on.
2.4   Inform to neighbour of the coverage change
Apart from coordinating the decision to switch off and on, there is also a need to inform neighbour cells (not actively participating in the ES actions).
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 switch off ES cells and compensate with CS cells, this results in 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. 
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 the 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.   
Proposal 3: A solution for reducing the impact on MRO is needed and should be captured in the TR.
2.5   Service continuity impact reduction  

In the switch off procedure, The UEs in the ES cell need to be handed off to the other CS cells during the switch off. However, it is difficult to select the target cell for the UEs before switch off is performed considering that the coverage of CS cell will only be expanded after the compensation. 
If the UE initiate RRC Connection Re-establishment toward a Cell which has not been prepared, the Re-establishment procedure will be rejected, this will result in a relative long service interruption time. In the switch off scenario, if the target cell cannot be selected accurately, the source eNB could prepare multiple cells in multiple neighbor eNBs to at least guarantee the successful RRC re-establishment to reduce the service interruption time during handover failure.

In the multiple eNB handover preparation procedure, the source eNB will trigger handover preparation to multiple target eNBs, and select a most likely target cell from the successful prepared eNB and command UE to perform the handover. 
Since all the involved successful prepared target eNBs need to reserve the radio resource (such as dedicated preamble, SRS/PUCCH for SR and CQI) as result of handover preparation until a handover cancel is received, it may be a resource costly way, especially considering that we may need to handover many UEs and every UEs need to prepared in many possible target cells. 
Proposal 4: Multiple preparations of eNBs could be beneficial in ES switch off scenario to at least guarantee the successful re-establishment, but the resource efficiency may need to be optimized.
3   Conclusion
RAN3 is asked to discuss and agree the following proposal:

Proposal 1: the eNB could trigger configuration switch and suggest the preferred coverage configuration (cells state combination) to OAM and OAM could permit or refuse the suggested change.

Proposal 2: Capture the ES cell centric solution and autonomous switch off solution to TR.
Proposal 3: A solution for reducing the impact on MRO is needed and should be captured in the TR.
Proposal 4: Multiple preparations of eNBs could be beneficial in ES switch off scenario to at least guarantee the successful re-establishment, but the resource efficiency may need to be optimized.
Proposal 5: We propose that the text in the annex is agreed for insertion into the TR.
4   Annex – Text proposal
5.3.2
Solutions description 

OAM configures which cells are switched off to reduce the power consumption and which cells are either switched on or are re-configured to provide coverage replacing the coverage of the cells that are switched off.

OAM provides alternative configuration data to cells reconfigured to provide coverage originally provided by the switched off cells. 

It is assumed that the different coverage configurations are obtained by careful network planning and testing.

It is assumed that only a very limited number of coverage configurations are realistic (e.g. only two).

The following issues have been addressed:

Issue 1. 

By modifying the coverage, the MRO algorithm in the neighbour cells may be impacted.
When a cell is switched off or when a cell extended its coverage for compensation, neighbour cells HO relation may change. New cell neighbour relations and new HO parameters setting and optimization may be necessary.

· Solution 1.1: A new indicator is introduced to inform neighbours over X2 interface of the configuration change. 

· Solution 1.2: The compensating cell appears as a different cell (with different ECGI/PCI) 

· Solution 1.3: The OAM configures the cells with respective MRO parameters. And eNB informs OAM of MRO parameters optimization

Issue 2

Cells re-configured to provide compensation coverage may appear as different cells (i.e. different PCI and E-CGI). The cell reconfigured is the cell that will provide the compensation.

·  Solution 2.1: The compensating cell appears as a different cell (with different ECGI/PCI). This will require that the UE served change cell. It is FFS if existing messages (activation) can be re-used to inform neighbours about the configuration change

·  Solution 2.2: The compensating cell appears as the same cell (with the same ECGI/PCI). This will require a solution to inform neighbours about the configuration change. 

Issue 3
Continuous service to RRC-Connected UEs during the transition to ES state has to be provided. This applies to the cell which will move to Energy Saving Mode.

·  Solution 3.1: Energy saving cell and compensation cell coordinate with each other about the time of state transition. Tx ramping of compensating cells (in one direction) and of ES cells (in the opposite direction) are coordinated with timers.

·  Solution 3.2: Use handover preparation to at least enable RRC re-establishment in the new cell.

·  Solution 3.3: Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process: (1) Energy saving cells hand over users on a carrier different from a carrier f, (2) Compensation cells increase the coverage of carrier f, (3) Energy saving cells hand over UEs to compensation cells, and (4) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.

·  Solution 3.4: Compensation cell expands its coverage before energy saving cell switches off. The co-channel interference is mitigated by configuring some ABS subframes for energy saving cells in the compensation cell. UEs served by ES cells can be handed over after or during compensation action.  

·  Solution 3.5: Compensation cells and Energy Saving cells exchange parameters allowing them to coordinate their TX power adaptation, taking into account SINR perceived by active UEs [3]. The solution is applicable to multi-compensation cells and multi-ES cells.
Issue 4

It has been discussed whether multiple configurations should be defined to enable compensation by different subsets of neighbouring compensation cells

· It is recommended to do not use multiple configurations to enable compensation by different subsets of neighbouring compensation cells

Note: it is possible to use multiple configurations (more than 2) to enable compensation by different subsets of neighbouring compensation cells. This may provide multiple choices for much more flexible energy compensation depending on for example the load of the compensating cells. This will require more complex signalling for switch on/off and will require much more work for coverage optimization.

Issue 5
The signalling mechanism to be used for switch on/off cells is FFS.

5.3.2.x1
Switch off coordination

We assume that the coverage area of a system is partitioned into different areas where each area is configured with alternative coverage configurations for the involved cells and that the compensation (switch on and off) is coordinated within this area. This area may contain one or more ES cells and one or more compensation cells.

5.3.2.x1.1
Autonomous switch off with coordinator
One coordinator is pre-defined by OAM, which could be any of the eNBs within the defined geographic area. Every ES cell that triggers switch off announces this to the coordinator. If every ES cell is ok to switch off, the coordinator validates the compensation with the other CS Cell, and if all other CS cells are willing to compensate, the coordinator cell will validate this with OAM. If permitted by OAM, the coordinator could trigger the switch off and compensating request to all the involved eNB.

5.3.2.x1.2
Triggering ES cell act as coordinator

Any ES cell who intends to switch off could trigger a validation with all other ES and compensation cells. If all the involved eNB are willing to participate, the ES cell will indicate the preferred configuration to OAM. If permitted by OAM, the ES cell would trigger the switch off and compensating request to all the involved eNB. 

5.3.2.x2
Switch on coordination

Unlike switch off, switch on is motivated by an increasing load in the compensating cell which is more urgent than switch off which is motivated by energy saving requirement. Therefore, every compensating cell that has load higher than a pre-defined level could immediately trigger the switch on request without first inquiring other eNBs. It is FFS whether OAM validation is necessary in switch on decision.
5.3.2.x3
Reduce impact on other features in neighbouring cells

5.3.2.x3.x1
Impact on MRO

One solution could be 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. 

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.   
5.3.2.x4 Service continuity impact reduction  

5.3.2.x4.x1
Using multiple preparations

In this solution, we use multiple handover preparation to at least enable RRC re-establishment in the new cell in case the wrong target cell is selected for the handover. The need for resource efficiency optimization is FFS.















































































































































































































































































































3GPP


_1441524779.vsd
CS Cell1


ES Cell1


ES Cell2


CS Cell2


OAM


OK to switch off


Compensate?


Switch Off Request 


Preferred configuration index 


OK


OK to switch off


OK


OK


Switch Off Request


ES Switch off performing


Compensate Request


OK


OK


updated configuration index 



_1441524789.vsd
CS Cell1


ES Cell1


CS Cell2


CS Cell3


OAM


Compensate?


Compensate?


Switch Off Request


Preferred configuration index 


OK


OK


OK


OK


CompensateRequest



ES Switch off performing


Compensate Request



OK


OK


Trigger Compensating check based on load for ES cell


updated configuration index 



_1441365348.vsd
ES Cell1


ES Cell2


CS Cell1


CS Cell2


OAM


OK


Compensate?


Compensate?


Switch Off Request


Preferred configuration index 


OK


OK


OK


OK


Compensate Request


Switch off performing


Compensate Request


Switch Off ?


OK


OK


updated configuration index 



