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1 Introduction
For the ES coverage scenario, when an ES cell’s traffic load is low based on a predefined criterion, a change in the cell configuration can be initiated, where the ES cell is switched off and a compensation cell expands its coverage to include the coverage of the ES cell. During the transition of the cell configuration, any remaining UEs being served by the ES cell need to be handed over to another cell before the ES cell can be switched off. However, the compensation cell cannot expand its coverage immediately to include the coverage area of the ES cell if they are operating on the same carrier frequency because the compensation cell will interfere with the ES cell’s UEs. 

This contribution proposes procedures for managing the expansion of the coverage of the compensation cell and the handing over of the ES cell’s UEs before the ES cell switches off such that excessive interference is avoided.
2 Description
2.1 Single step compensation cell expansion issues
If a compensation cell expands its coverage into the entire coverage area of an ES cell all at once, it will interfere with the ES cell UEs to an extent that they would no longer able to maintain a radio link with the ES cell. CRS/ABS/CRS assistance techniques are useful for mitigating interference but Rel-8 UEs do not support these features. Figure 1 and Figure 2 provide a simple illustration of this issue.
Figure 1 shows a general scenario with a small cell (i.e. pico cell) operating within the coverage area of a coverage/macro cell. For this scenario, Rel-10 Cell Range Expansion (CRE) is in effect as well as Almost Blank Subframes (ABS) and time domain measurement resource restrictions. Accordingly, the Rel-10 UE in the CRE region is able to detect the pico cell, (Rel-10 PUE in the figure), whereas the Rel-8 UE in the CRE region is not able to detect the pico cell and remains connected to the macro cell (Rel-8 MUE in the figure).
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Figure 1: Illustration of a general scenario with small cell under coverage using CRE and ABS

The scenario in Figure 1 can be compared to a scenario where a compensation cell has expanded its coverage to include the coverage area of an ES cell. Figure 2 illustrates a cell configuration transition involving a Compensation cell and an ES cell.
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Figure 2: Illustration of Compensation cell expansion causing interference to ES cell UEs

In the top pane of Figure 2, the ES cell is switched on and the Compensation cell coverage is not expanded. In this scenario, the Rel-10 and Rel-8 UEs are served by the small cell (pico cell). The bottom pane of Figure 2 illustrates a cell configuration transition where the Compensation cell has expanded its coverage completely into the coverage area of the ES cell and the same CRE/ABS configuration as in Figure 1 is used for interference mitigation. The configurations and conditions in the bottom pane are intended to be identical to those shown in Figure 1. As in Figure 1, the Rel-10 UE in the CRE region is able to detect the small cell by relying on CRS/ABS and is able to be handed over to the Compensation cell. Also, as in Figure 1, the Rel-8 UE is not able to detect the small cell due to interference from the Compensation cell and a Radio Link Failure (RLF) will occur.
Observation 1:  If a Compensation cell expands its coverage in one step to cover the entire area of an ES cell, it will cause interference to ES cell UEs to an extent that they would no longer be able to maintain a connection with the ES cell and RLFs will occur. ICIC techniques such as ABS/CRE/CRS assistance can mitigate this interference to some degree for Rel-10 and Rel-12 UEs, but these techniques are not supported by Rel-8 UEs.
2.2 Solution description
To solve the interference issues described in the previous section, the Compensation cell should expands its coverage in incremental steps. With each step, the Compensation cell expands its coverage deeper into the coverage area of the ES cell but only to an extent that the interference from the Compensation cell does not cause ES cell UEs to lose their connection to the ES cell. After each coverage expansion step, the ES cell hands over a set of UEs that are within the detectable range of the Compensation cell. 
By way of illustration, the Compensation cell coverage would be expanded such that UEs at the edge of the ES cell are still able to detect the ES cell and UEs further from the edge of the ES cell and near the edge of the Compensation cell’s expansion area are able to detect the Compensation cell. After the set of ES cell UEs that can detect the Compensation cell is handed over, the coverage of the Compensation cell would be expanded to the next area deeper into the ES cell’s coverage area and the next set of ES cell UEs would be handed over.
Figure 3 illustrates the incremental expansion of the Compensation cells coverage area. In the top part of the figure, the Compensation cell expands its coverage to an extent that all ES cell UEs within the region are able to still detect the ES cell and are able to detect and handover to the Compensation cell. Rel-8 UEs will be the determining factor in choosing the set of areas for the Compensation cell’s coverage expansion steps. CRE/ABS/CRS assistance ICIC techniques may be used to facilitate the detection of the Compensation cell by Rel-10 and Rel-11 UEs so they may be handed over sooner than otherwise. Once all the ES cell UEs in the current Compensation coverage area have been handed over, the Compensation cell can expand its coverage into the next area and the ES cell can reduce its coverage such that all ES UEs within the new region are able to still detect the ES cell and are able to detect and handover to the Compensation cell.
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Figure 3: Illustration of incremental coverage expansion by a Compensation cell
The ES cell determines which UEs may be handed over to the Compensation cell using measurement reports with entering and leaving triggers. Figure 4 illustrates the use of the A3 entering and leaving measurement reporting conditions available in LTE.
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Figure 4: Illustration of entering and leaving conditions to trigger UE measurement reports according to LTE 
As illustrated in Figure 4, the A3 event type supports an “entering” condition which triggers when the neighbor cell signal strength is below the serving cell signal strength by a configured amount (with hysteresis) and identifies when the UE has entered a cell edge area. The A3 event type also supports a “leaving” condition which triggers after an entering condition has triggered and the neighbor cell signal strength becomes lower than the entering condition (with hysteresis). This identifies when the UE has left the cell edge area and has moved toward the cell center. The lower pane in Figure 4 illustrates a UE moving toward the cell edge and the entering condition triggers. The UE then moves toward the cell center and the leaving condition triggers. Using these mechanisms, the ES cell eNB can determine which UEs are in the Compensation cell expansion region.

Figure 5 shows the signaling performed by the Compensation cell, the ES cell, and other neighbor cells for this procedure and is described as follows:

1. The ES cell eNB determines that this ES cell should be switched off and notifies the Compensation cell eNB with an illustrative message, “Cell Configuration Request” that includes a “switch off” indication. 

2. The Compensation cell eNB determines that it can support switching off this ES cell and notifies the ES cell with an illustrative message, “Cell Configuration Response” that includes a “switch off” indication.

3. The Compensation cell eNB and ES cell eNB notify their neighbors about the initiation of the cell configuration transition. The neighbors may deactivate MRO associated with the current configuration and modify handover behavior towards the compensation cell and ES cell.
4. The Compensation cell expands its coverage to the first expansion area and, when the expansion is complete, it notifies the ES cell eNB with an illustrative message, “Cell Configuration Update” that includes an “expansion complete” indication. 
5. The ES cell configures its UEs with A3 entering and leaving measurement reporting conditions.

When the ES cell eNB receives the message “Cell Configuration Update” that includes an “expansion complete” indication and reduces its coverage by the appropriate amount for this stage of the transition.

6. The ES cell eNB receives measurement reports from its UEs indicating that the entering condition has triggered and these UEs are handed over to the Compensation cell. UEs that reported an entering condition and later report a leaving condition would not be handed over. 

7. The ES cell eNB completes all the handovers for the current expansion area and notifies the Compensation cell using an illustrative message, Cell Configuration Update, with a “handovers complete-region” indication.

If this is the final expansion region and all UEs have been handed over, the ES cell eNB notifies the Compensation cell using an illustrative message, “Cell Configuration Update”, with a “handovers complete-cell” indication.

8. When the Compensation cell eNB receives the “Cell Configuration Update” message with a “handovers complete-region” indication, it expands its coverage to the next expansion area and the foregoing procedure is repeated..

When the Compensation cell eNB receives the “Cell Configuration Update” message with a “handovers complete-cell” indication, it notifies neighbor cell eNBs about the expansion of the Compensation cell. The neighbor cells eNBs may activate MRO for the new cell configuration.

9. When the ES cell eNB has handed over all of the ES cell UEs and notified the Compensation cell eNB, it switches off the ES cell and notifies its neighbor cell eNBs that the ES cell has been switched off. The neighbor cells’ eNBs may activate MRO for the new cell configuration.
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Figure 5: Illustration of the signaling for the cell coverage configuration transition

Proposal 1: Include in the TR that the necessity of performing cell coverage configuration transition in incremental steps will be considered, where the Compensation cell expands its coverage into the coverage area of an ES cell in progressive stages and ES cell UEs within an expansion area are handed over before the Compensation cell expands its coverage to the next stage. Proposed text for the TR is included in the Annex.

2.3 FAQ

A few questions have been raised regarding this proposal.

Q1. What is the interaction with MRO?

A1. MRO operations should be suspended during the cell coverage configuration transition. Signaling has been included in the procedures for the Compensation cell and the ES cell to notify their neighbors when a cell coverage configuration change has begun and when it has been completed. After the cell coverage configuration change has been completed, the neighbor cells should operate with an MRO configuration that is appropriate for the new coverage configuration.
Q2. How many cell configurations are there?
A2. There are two (semi) static cell configurations, one with the ES cell switched on and with unexpanded Compensation cell coverage and another with the ES cell switched off and with expanded Compensation cell coverage. The conditions during the cell coverage configuration transition are transitory and are not considered to be cell configurations that are used for regular operations.
3 Conclusion
Observation 2:  If a Compensation cell expands its coverage in one step to cover the entire area of an ES cell, it will cause interference to ES cell UEs to an extent that they would no longer be able to maintain a connection with the ES cell and RLFs will occur. ICIC techniques such as ABS/CRE/CRS assistance can mitigate this interference to some degree for Rel-10 and Rel-12 UEs, but these techniques are not supported by Rel-8 UEs.
Proposal 1: Include in the TR that the necessity of performing cell coverage configuration transition in incremental steps will be considered, where the Compensation cell expands its coverage into the coverage area of an ES cell in progressive stages and ES cell UEs within an expansion area are handed over before the Compensation cell expands its coverage to the next stage. Proposed text for the TR is included in the Annex.

Annex

------------- TR text proposal -------------
[…]

5.2.2
Solutions description 

[…]

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.

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.

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

Solution 3.3: 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.

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 cell changes its coverage . In addition, the necessity of performing cell coverage configuration transition in incremental steps will be considered, where the Compensation cell expands its coverage into the coverage area of an ES cell in progressive stages and ES cell UEs within an expansion area are handed over before the Compensation cell expands its coverage to the next stage.
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  
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.

[…]
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