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1   Introduction
The solution for LTE coverage layer contains a number of issues with multiple possible solutions. In this paper we evaluate the proposed solutions and suggest a down selection to reduce the number of solutions to simplify the evaluation step.
2   Background
In this section we describe the identified issues.

2.1   Issue 1: Impact on MRO
The first issue relates to the impact on MRO. 
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2.2   Issue 2: Inform neighbours about the configuration change
The second subject is related to issue 1 and discuss how the change should be communicated to neighbour cells
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2.3   Issue 3: How to provide continuous service to RRC-Connected UEs
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2.4   Issue 4: How to provide continuous service to RRC-Connected UEs served by the compensation cell during the transition to ES
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2.5   Issue 5: Signalling mechanism to be used for switch on/off cells
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3   Solution analysis
3.1   Issue 1: Impact on MRO
In solution 1.1, the eNB needs to store the MRO state for a cell pair for the different energy saving states, so that the eNB could restore the MRO state when receiving the indicator from the neighbour. Existing eNB configuration update messages may be enhanced to inform neighbours about the configuration change. The indicator may or may not explicitly identify a specific configuration. For MRO purposes, the indicator is used to identify a previously used configuration and it would therefore be enough to send an indicator defined by the source cell (an integer). 
In solution 1.2, the assumption is that the PCI is changed for a cell that modifies its coverage, and hence the existing eNB Configuration Update messages may be re-used to inform neighbours about the configuration change. The neighbour cell thus thinks a new cell is activated and the old cell is deactivated. However since the compensating cells need to change PCI, all the UEs in the compensating cells need to be handed over to other overlapped cell otherwise there will be service interruption for these UEs. And these UEs need to be handed over back to the compensating cell after compensating cell is ready for the compensating coverage. The signalling cost for the handover need to be taken into consideration. If the solution reduces the impact by handing over the UE to neighbor cells, other RATs or other carriers this solution may not be applicable in scenarios with limited overlap between cells, or where the load is high. There may also be a drawback from QoS point of view of moving a UE to another RAT.

In solution 1.3, once the energy saving state is validated, the OAM will inform the compensating eNB of the new coverage parameters and a starting point for MRO. Upon reception of coverage update configuration command, the eNB will apply the new configuration and initiate MRO from the indicated starting point. In addition, the eNB must also send the current result of the optimization of MRO to OAM, and so that OAM can restore this state the next time the configuration is selected.
In solution 1.4, an indicator similar to solution 1.1 is sent by OAM. 
3.2   Issue 2: Inform neighbours about the configuration change
Solution 2.1 and solution 2.2 are similar with the solution 1.2 and solution 1.1 (and 1.4) and share the same properties.
3.3   Issue 3: How to provide continuous service to RRC-Connected UEs
In solution 3.1, several steps of Tx ramping may be needed, and the RF coverage parameters for each step need to be carefully planed and tested, this will introduce extra complexity, furthermore, extra signalling may be needed in each step to coordinate the coverage modification. In additional this solution will introduced relative long state transition time, and in the transition duration, new UE access will be delayed. 

In solution 3.2, the source eNB can trigger handover preparation to multiple target cells, and select a most likely target cell from the successfully prepared cells and thereafter command UE to perform the handover to one of these cells. The UE could perform successful re-establishment in any of the prepared cells, thus the multiple preparation will be beneficial, especially in case where we do not exactly know the most suitable target cell after switch off. Solutions 1.X and 2.X could be considered to inform neighbor cells about an upcoming switch, and thereby trigger handover preparation to the most likely cells or delay the handover until the switch is performed.

All the successfully prepared target eNBs may 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. This may consume too many resources in these cells, especially when we need to handover many UEs and every UEs need to be prepared in many possible target cells. 
In solution 3.3, the solution reduces the impact by handing over the UE to other carriers. Hence, this solution may not be applicable in scenarios with limited overlap between cells on different carriers, or where the load is high.

In solution 3.4, once the compensating cell is expanded in intra-frequency deployment before energy saving cell is turned off, the UEs served by energy saving cell may experience severe interference, especially for the UEs located near the centre of compensating cell. The most efficient mitigation of interference is achieved by UEs supporting the CRS-IC specified in Re-11. Therefore the solution will only be most beneficial when many UEs support CRS-IC.
Solution 3.5 is similar with solution 3.1 with the enhancement of taking UE measurement into account.
Considering that the methods 3.2, 3.3 and 3.4 are complementing each other and all the three are implementation based and could be applied in different scenario. E.g. if we have available overlapped cells to handover the solution 3.3 could be used, otherwise, if all the UEs in the energy saving cell support CRS-IC specified in Re-11,then solution 3.4 could be used, in the rest scenario solution 3.2 could be used.

For the solution 3.1 and 3.5, we need to further evaluate if the benefit will justify for the complexity.
3.4   Issue 4: How to provide continuous service to RRC-Connected UEs served by the compensation cell during the transition to ES
In solution 4.1, one additional carrier is needed to accommodate handover from the compensating cell, which requires there are some overlap between compensating cell and cells on another frequency. The compensating cell extends coverage before energy saving cell disappear, so that the handover from energy saving cell to compensating cell could be executed, and interference could be managed by ABS. 
In solution 4.2, in additional to 4.1, additional cells on another frequency is also required to accommodate the handover from the energy saving cells. Then ABS is not needed since the UEs in energy saving cell could be handed over to inter-frequency and then handed back to compensating cell after compensating cell extended the coverage. 
3.5   Issue 5: Signalling mechanism to be used for switch on/off cells
At the moment, only the OAM based solution is included in the TR. 
4   Conclusions

Although solutions in 1.X and 2.X are discussed for different problems, the chosen solution may be used to solve both. For example, if we have the solution addressing impact on MRO and the energy saving cell and compensating cell could inform neighbor exactly before switching off or compensating is actually performed, the neighbor will be aware of the coverage change of energy saving cell and compensating cell and could prevent handover to these cells, or perform multiple preparations to potential cells as suggested in solution 3.3. We could therefore have one combined solution addressing issue 1 and issue2 and partly issue 3.
Furthermore, for solutions addressing issue1, in solution 1.2 and 2.1, where the cell that modifies the coverage always change PCI, the UEs which could remain in the cell after the switch anyway need to be handed over to another cell to keep the connection. We believe that this would have a too big impact on the UEs and therefore suggest excluding solution 1.2 and 2.1 from the TR. And if we exclude these solutions, the solutions for issue 4 will also not be needed.
The difference between solutions 1.1, 1.3 and 1.4 are smaller, and we believe the most suitable solution can be selected at a later stage (when/if we move to WI phase).
For the solutions addressing the issue3, solution 3.2, 3.3 and 3.4 are complementing and mainly implementation dependent. Solution 3.3 may require further enhancements to handle cases with a large number of simultaneous handover preparations to neighbor cells. 
For solution 3.1 and 3.5, we need to further evaluate if the benefit will justify for the complexity. Therefore we suggest to group solution 3.x into two groups, which are evaluated separately.
As a summary, the following table lists the status for each issue based on our suggestion.
Table 1 status for energy saving solution

	
	Adopted solutions 
	Excluded solutions 
	Solutions need further evaluation
	Way forward

	Issue1 
	
	Solution 1.2
	Solution 1.1,
  Solution 1.3, 
Solution 1.4
	Make final decision among Solution 1.1, 1.3 and 1.4 in WI phase.

	Issue2
	Solution 2.2
	Solution 2.1
	
	Align solution with solution selected for 1 above.

	Issue3
	Solution 3.2, Solution 3.3, Solution 3.4
	-
	Solution 3.1, 
Solution 3.5
	Evaluate solution 3.1 and 3.5 separately.
Solution 3.3 may require further enhancements to handle cases with a large number of simultaneous handover preparations to neighbor cells. This can be evaluated at WI phase.

	Issue4
	-
	4.1, 4.2-
	-
	Not needed

	Issue5
	Solution 5.1
	-
	-
	Agree on solution 5.1


With the proposed scope, we believe that we have identified one complete solution alternative that could be evaluated according to the agreed criteria. We can also evaluate two additional alternative complete solutions using solution 3.1 or 3.5.
Proposal 1: We propose that the TP in the annex is agreed for insertion into the TR.
Annex – Text proposal

<<< start of text proposal >>>
5.2.2
Solutions description 

OAM configures which cells are switched off to reduce the power consumption and which cells are either switched on or 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 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 1.3: The OAM configures the cells with respective MRO parameters. And eNB informs OAM of MRO parameters optimization
Issue 2 
How to inform neighbours about the configuration change of the cell that will provide the compensation.
·  
· Solution 2.2: In case the compensating cell appears as the same cell (with the same ECGI/PCI). It is FFS if existing messages (eNB configuration update) can be re-used to inform neighbours about the configuration change.
Issue 3
How to provide continuous service to RRC-Connected UEs served by the cell which will move to Energy Saving Mode during the transition to ES. Any of the following solutions can be used:
· 
· 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.  
In addition to the above mentioned solutions, it is FFS pending further evaluation whether the following solutions should also be used:
· 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 3.5: Compensation cells and Energy Saving cells exchange parameters allowing them to coordinate their TX power adaptation, taking into account SINR perceived by active UEs [6]. The solution is applicable to multi-compensation cells and multi-ES cells.


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Issue 5
The signalling mechanism to be used for switch on/off cells requires a definition.
OAM has pre-configured a set of coverage configurations for a limited number (typically 2) of network states for a given geographical area.

· Solution 5.1: OAM decides based on information from eNBs.

<<< skip some text >>>
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 1.3: The OAM configures the cells with respective MRO parameters. And eNB informs OAM of MRO parameters optimization

Issue 2

How to inform neighbours about the configuration change of the cell that will provide the compensation.
· 
· Solution 2.2: In case the compensating cell appears as the same cell (with the same ECGI/PCI). It is FFS if existing messages (eNB configuration update) can be re-used to inform neighbours about the configuration change 
Issue 3
How to provide continuous service to RRC-Connected UEs served by the cell which will move to Energy Saving Mode during the transition to ES. Any of the following solutions can be used:
·  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.  
In addition to the above mentioned solutions, it is FFS whether the following solutions should also be defined:

· 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 3.5: Compensation cells and Energy Saving cells exchange parameters allowing them to coordinate their TX power adaptation, taking into account SINR perceived by active UEs [6]. The solution is applicable to multi-compensation cells and multi-ES cells.


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Issue 5
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 6
The signalling mechanism to be used for switch on/off cells requires a definition.
OAM has pre-configured a set of coverage configurations for a limited number (typically 2) of network states for a given geographical area.

· Solution 6.1: OAM decides based on information from eNBs.

<<< end of text proposal >>>





























































































































































































































































































The signalling mechanism to be used for switch on/off cells requires a definition.


OAM has pre-configured a set of coverage configurations for a limited number (typically 2) of network states for a given geographical area.


Solution 5.1: OAM decides based on information from eNBs.





How to provide continuous service to RRC-Connected UEs served by the cell which will move to Energy Saving Mode during the transition to ES.


 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 [6]. The solution is applicable to multi-compensation cells and multi-ES cells.





If the compensating cell appears as a different cell (with different ECGI/PCI): How to provide continuous service to RRC-Connected UEs served by the compensation cell during the transition to ES.


Solution 4.1: Solution based on an extra available carrier on compensation cell.


Step 1: The compensation cell on carrier f hands over UEs to a cell C on a carrier different from the carrier f. Cell C is controlled by the same eNB as the compensation cell.


Step 2: The compensation cells switches off.


Step 3: The compensation cell switches on, still using carrier f, with extended coverage and with a different PCI/ECGI. ABS is used in the compensation cell to mitigate interference of UEs served by the ES cells to be switched off (cf. solution 3.4).


Step 4: The UEs that were handed over to cell C are handed over to the compensation cell, and energy saving cells hand over UEs to the compensation cells.


Step 5: The ES cells are switched off.





 Solution 4.2 based on extra available carrier on both compensation cell and ES cell


Step 1: The compensation cell on carrier f hands over UEs to a cell C on a carrier different from the carrier f. Cell C is controlled by the same eNB as the compensation cell.


Step 2: The compensation cells switches off and notifies the ES cell(s).


Step 3: The ES cell(s) on carrier f handover UEs to cells Di using the other carrier. The cells Di are controlled by the same eNB(s) as the ES cell(s).


Step 4: The compensation cell switches on, still using carrier f, with extended coverage and with a different PCI/ECGI. 


Step 5: The UEs are handed over from cells C and Di to the compensation cell.


Step 6: The ES cell(s) are switched off.








How to inform neighbours about the configuration change of the cell that will provide the compensation.


 Solution 2.1: In case the compensating cell appears as a different cell (with different ECGI/PCI): It is FFS if existing messages (activation) can be re-used to inform neighbours about the configuration change.


 Solution 2.2: In case the compensating cell appears as the same cell (with the same ECGI/PCI). It is FFS if existing messages (eNB configuration update) can be re-used to inform neighbours about the configuration change.








By modifying the coverage, the MRO algorithm in 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
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