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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
It is proposed that the compensation cell expands its coverage incrementally. With each increment, the ES cell hands over a set of UEs that are within the detectable range of the compensation cell. For example, the first release of LTE UEs are required to be able to detect a neighbor cell signal that is 6 dB below the serving signal, so after a set of UEs is handed over, the coverage of the compensation cell could expanded accordingly to define a new cell edge for the ES cell. 
The following figure illustrates the incremental expansion of the compensation cells coverage area. The UEs in the green cell edge region are within the detectable coverage area of the compensation cell for one increment and may be handed over.
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The following figure illustrates a signaling procedure for this proposal, where the compensation cell expands its coverage incrementally, allowing the ES cell to handover a portion of its UEs during each increment.

[image: image2.emf]Compensation 

cell eNB

Cell State Change Response(switch-off)

Cell State Change Request (switch-off)

Cell State Change Update(partial handovers complete)

Compensation cell initial 

coverage expansion 

Cell State Change Update(compensation complete)

Handover UE-n

.

.

.

Handover UE-1

eNB Configuration Update (switched-off cells)

eNB Configuration Update (expanded cell)

ES Cell 

eNB

ES Cell 

eNB(s)

Other 

eNBs

Other 

eNBs

ES cell may adjust bias 

values for later release UEs

First set of UE handovers 

complete

Cell State Change Update(partial handovers complete)

Compensation cell next 

coverage expansion 

Handover UE-m

.

.

.

Handover UE-n+1

ES cell may adjust bias 

values for later release UEs

First set of UE handovers 

complete

.

.

.

.

.

.


The following figure illustrates the use of the entering and leaving measurement triggering methods in LTE to help the ES cell to determine which UEs are in the cell edge region after each increment and may be handed over.
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3 Conclusion
Proposal 1: Include in the TR to consider that the coverage cell configuration transition is performed in iterative steps where the compensation cell coverage is first expanded up to the interference and detection capabilities of ES cell-edge UEs, the ES cell-edge UEs are handed over to the compensation cell, and then the ES cell reduces its coverage. Proposed text for the TR is included in the Annex.
Annex

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

3.1.1 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.

·  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.  Additionally, it is proposed to consider that the coverage cell configuration transition is performed in iterative steps where the compensation cell coverage is first expanded up to the interference and detection capabilities of ES cell-edge UEs, the ES cell-edge UEs are handed over to the compensation cell, and then the ES cell reduces its coverage. Coverage parameters for the compensation cell and ES cell may be obtained from OAM or from signalling.
·  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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