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1 Introduction
This contribution discusses Solution 3.1 through Solution 3.4 solution proposals for Issue  3 of the ES LTE coverage scenario.

2 Description

Issue 3 for the ES coverage scenario is included in the TR [1], sections 5.2.2 and 5.3.2 and is described as follows:
 SHAPE  \* MERGEFORMAT 



Solution 3.1 through Solution 3.4 proposals for Issue 3 are discussed below.
2.1 Solution 3.1

The following is the description for Solution 3.1 in the TR [1].
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This description does not provide enough information about the scope and design of the solution. It appears that some companies understand that the cell expansion and cell reduction is to be done in multiple steps, rather than in one step, in which the compensation cell fully expands and the ES cells switch off.  
According to [2], the contribution that introduced Solution 3.1 is [3], which describes the interference and coverage hole issues that potentially could result when expanding a cell and switching off other cells, and proposes that all UEs being served by ES cells should be handed over to another non-interfering cell before any cell expansion and deactivation is begun. Cell expansion and deactivation is done only after all of the ES cells’ UEs have been handed over and these actions should all begin at the same time. The eNBs determine the point in time to begin the ES actions based on knowledge about the amount of time required for each ES cell to hand over its UEs and the adopted delay depends on the ES cell that requires the longest time for these handovers. 
This solution assumes that there are non-interfering cells available for the UE handovers and provides a means for eNBs to know when to start cell expansion or cell deactivation and so, does not seem to address the issue. The other solutions for this issue address how to handover the ES cells’ UEs. 
The other solutions can be categorized into two groups as follows:
1. Solutions where cell expansion is delayed in order to allow for ES cells’ UE handover procedures.
Solution 3.2: Compensation cell expansion is delayed until after ES eNBs prepare other cells for ES cells’ UE handovers, after which the ES cells are switched off and the compensation cell can be expanded. UEs will lose their radio connection and must reestablishment a connection. 

Solution 3.3: Compensation cell expansion is delayed until after ES cell UEs are handed over to other cells with non-interfering carriers, after which the ES cell is switched off and the compensation cell can be expanded.
2. Solutions where cell expansion begins immediately.
Solution 3.4: Compensation cell expansion begins immediately and interference between the compensation cell and an ES cell is mitigated using ABS.
Solution 3.5: Compensation cell expansion begins immediately and interference between the compensation cell and an ES cell is mitigated by coordinating the expansion of the compensation cell and the reduction of an ES cell.
For a case where compensation cell expansion is delayed, the following are possible methods for determining when ES actions may begin.
3. Timer-based delay as described in Solution 3.1. The timer values could be provided by OAM or could be determined using signalling between eNBs.

4. OAM-based signalling.
5. Signalling between eNBs that is sent when the ES actions may begin.
Solution 3.1 could be part of the procedure for Solutions 3.2 and 3.3. Alternatively, Solution 3.1 could be included in Issue 5 that deals with signaling requirements for ES procedures.
The following is the current evaluation table for Solution 3.1 in the TR. 
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The “OAM impact” and “eNB impact” rows of the table mention carefully planned power ramping
steps. However, according to [3], this is not a part of Solution 3.1. Once an ES cell’s UEs are handed over to another cell, the ES cell is switched off and the compensation cell is expanded. At that point there is no interference risk so no additional steps are required. 
Of course, it is possible that it is the case, that a Rel-12 contribution has been submitted that provides more details about Solution 3.1 and we (Kyocera) are not aware of it (if so, never mind) or that there is an understanding between companies based on an “oral tradition” that a multi-step approach is intended and companies will provide this solution during the work item phase. If this is the case, then this solution and Solution 3.5 could be placed together in the TR as similar solutions with different mechanisms. 

I the above cases do not apply, the proponents of Solution 3.1 should provide more details for clarification. 

Proposal 1: The proponents of Solution 3.1 should provide more details for clarification so that RAN3 may understand its intention and evaluate it. 
Proposal 2: If it is determined to be appropriate, Solution 3.1 should be moved to a different issue that addresses signaling for ES procedures.
2.2 Solution 3.2

The following is the description for Solution 3.2 in the TR [1].
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Solution 3.2 does not solve Issue 3 since continuous service is not provided to connected UEs. During the work item phase, the solution requirements should be clarified in this regard. In our view, this proposal would not provide a good solution for ES since coverage configuration changes could only be performed late at night, which would not allow operators to adapt the network to changing load conditions. 
Observation 1: In our view, Solution 3.2 would not be a good solution for ES since coverage configuration changes could only be performed late at night, which would not allow operators to adapt the network to changing load conditions.

The following is the current evaluation table for Solution 3.2 in the TR. 
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In the description of Solution 3.2 shown above, the handover preparation target is the compensation cell, whereas the evaluation table says that there can be multiple target eNBs, which provides more flexibility and better performance. 

Proposal 3: The description of Solution 3.2 should be changed such that multiple handover preparation targets are allowed. 
2.3 Solution 3.3

The following is the description for Solution 3.2 in the TR [1].
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The proposal described in Solution 3.3 is straight forward since ES cells’ UEs can be handed over to a non-interfering carrier. The proposal is limited to deployments where non-interfering carriers are available. The proposal description should not specify that the non-interfering carriers are associated with the ES cell or that they are operated by the ES cell eNBs. UEs should be able to be handed over to any suitable non-interfering carrier.
Proposal 4: Change the Solution 3.3 proposal description so that the non-interfering carriers do not have to be associated with the ES cell or operated by the ES cell eNB.
The following is the current evaluation table for Solution 3.3 in the TR. 
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As stated above, it should not be necessary that the non-interfering carriers are associated with the ES cell or operated by the ES cell eNB.
Proposal 5: Change the Solution 3.3 proposal evaluation so that the non-interfering carriers do not necessarily have to be associated with the ES cell or operated by the ES cell eNB.

2.4 Solution 3.4

The following is the description for Solution 3.4 in the TR [1].
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This solution proposal requires that UEs support eICIC, so it does not apply to Rel-8/9 UEs. In addition, if the compensation cell is expanded all at once Rel-10/Rel-11 F/eICIC techniques will likely not be sufficient to mitigate the compensation cell interference in the ES cell. In the usual mobility case, UEs move toward a new cell and the signal strength of the currently serving cell gradually decreases while the signal strength of the new cell gradually increases. The UE may hand over to the new cell at a time where it is still able to detect both cells. If the compensation cell is expanded all at once to cover the ES cell area, the interference level from the compensation cell will be more than the F/eICIC mechanisms can handle and an ES cell’s UEs will not be able to maintain their radio connection. The F/eICIC mechanisms allow a UE to detect a cell at a lower signal strength/interference level, but it has its limits. 
In the Kyocera proposal for Issue 3 [4], the coverage configuration transition is done in multiple steps such that the compensation cell does not expand its coverage too much at each step in order to limit the interference to ES cell UEs so that they are able to detect both the ES cell and the compensation cell and maintain their connection to the network.  This proposal could be viewed as “reverse mobility” since the compensation cell coverage is moving toward a UE rather than vice versa. 
The following is the current evaluation table for Solution 3.4 in the TR. 
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Observation 2: In our view, the Solution 3.4 proposal is not a sufficient solution since it does not apply to Rel-8/9 UEs and it is likely that in many scenarios, Rel-10 and Rel-11 F/eICIC capabilities will not be sufficient to mitigate the interference from a fully expanded compensation cell.

Observation 3: The solution proposal for Issue 3 in [4] allows the avoidance of serious interference from a compensation cell to an ES cell as the compensation cell is expanded.

Proposal 6: Include the solution proposal for Issue 3 in [4] in the TR.
3 Conclusion
Proposal 1: The proponents of Solution 3.1 should provide more details for clarification so that RAN3 may understand its intention and evaluate it. 

Proposal 2: If it is determined to be appropriate, Solution 3.1 should be moved to a different issue that addresses signaling for ES procedures.

Observation 1: In our view, Solution 3.2 would not be a good solution for ES since coverage configuration changes could only be performed late at night, which would not allow operators to adapt the network to changing load conditions.

Proposal 3: The description of Solution 3.2 should be changed such that multiple handover preparation targets are allowed. 

Proposal 4: Change the Solution 3.3 proposal description so that the non-interfering carriers do not have to be associated with the ES cell or operated by the ES cell eNB.

Proposal 5: Change the Solution 3.3 proposal evaluation so that the non-interfering carriers do not necessarily have to be associated with the ES cell or operated by the ES cell eNB.

Observation 2: In our view, the Solution 3.4 proposal is not a sufficient solution since it does not apply to Rel-8/9 UEs and it is likely that in many scenarios, Rel-10 and Rel-11 F/eICIC capabilities will not be sufficient to mitigate the interference from a fully expanded compensation cell.

Observation 3: The solution proposal for Issue 3 in [4] allows the avoidance of serious interference from an expanding compensation cell during a cell coverage configuration change.
Proposal 6: Include the solution proposal for Issue 3 in [4] in the TR.
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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.





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.





Complexity�
Still FFS in which time period this should take place. 


Depending on that planning and test effort for can be evaluated


FFS whether an OAM or signalling solution is envisaged.�
�
Potential ES gain�
N/A�
�
Specification impact�
Depends on the actual solution (OAM or signalling). �
�
OAM impact�
If an OAM method is used, RF Parameters for each ramping step need to be carefully planed and tested.�
�
eNB impact�
Both the ES eNB and compensating eNB need to perform Tx ramping in a synchronous way, and are required to perform power ramping along a carefully planned and tested schedule.�
�
UE impact�
No requirement on UE features.


Impact on UE power consumption: One time handover�
�






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


Step 1:	ES cell initiates handover preparation procedure for the cell to compensating cell


Step 2:	ES cells are switched off while the coverage of the compensation cells is extended 


Step 3:	Handover failure happens due to the discontinuity of coverage


Step 4:	UEs perform RRC Re-establishment in the compensating cell and the Re-establishment would succeed since the compensating cell has the UE context





Complexity�
The source eNB will trigger handover preparation to multiple target eNBs.


Neighbour eNBs may be informed about the upcoming change 


Extra signaling in X2 may be needed to perform handover preparation.�
�
Potential ES gain�
N/A�
�
Specification impact�
Depends on details of the actual solution, e.g. if a new method to inform neighbours is needed or if the solution for MRO can be reused.�
�
OAM impact�
None�
�
eNB impact�
The source eNB triggers handover preparation to multiple target eNBs�
�
UE impact�
No requirement on UE features.


Impact on UE power consumption: UEs need to attempt re-establishment.�
�






Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process: 


Step 1:	Energy saving cells hand over users on a carrier different from a carrier f, 


Step 2:	Compensation cells increase the coverage of carrier f, 


Step 3:	Energy saving cells hand over UEs to compensation cells, and 


Step 4:	Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.





Complexity�
The UEs served by ES cell need to be handed over twice.


An extra carrier is required.�
�
Potential ES gain�
N/A�
�
Specification impact�
None�
�
OAM impact�
None�
�
eNB impact�
The ES eNB is required to support multi-carriers overlaid with the ES cell.�
�
UE impact�
No requirement on UE features.


Impact on UE power consumption: UEs need to execute handover twice.�
�






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 cell changes its coverage . 


Step 1:	Compensation cell configure some ABS subframes and inform energy saving cell through Load Indication message


Step 2:	Compensation cell expands its coverage.


Step 3:	Energy saving cell use the ABS subframes to send handover command to the UEs 


Step 4:	After handing over all UEs to compensation cells, energy saving cells switched off  





Complexity�
Dependency of this solution depends on existing eICIC mechanism is FFS.�
�
Potential ES gain�
N/A�
�
Specification impact�
Could be None, if dependency on ICIC mechanism is solved�
�
OAM impact�
OAM is required to pre-configure the ABS subframe pattern for the ES cell and the compensating cell.�
�
eNB impact�
Could be None, if FFS is solved�
�
UE impact�
Impact on UE features: The UEs served by the ES cell is required to support eICIC feature (Rel-11 UEs). 


Impact on UE power consumption: One time handover.�
�
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