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1. Introduction
At last RAN3#80 meeting some issues on solutions for LTE coverage layer have considered as FFS. This document discusses the potential problems and solutions related to these FFS. The paper concludes with a TP proposal.
2. Discussion on FFS on LTE coverage layer
· FFS 1：By modifying the coverage, the MRO algorithm in neighbour cells may be impacted. It is FFS how to mitigate this.
· Problem:
 When a cell is switched off or when a cell extended its coverage for compensation, neighbour cells HO relation may change. New cell neighbour relation is created and new HO parameters setting and optimization may be necessary.

· Solution:
When considering to apply energy saving to a group cells, if the twin states of energy saving and compensation cells are predetermined by OAM, by setting two sets of HO parameters for the twin energy saving states, and the eNB is responsible for selecting the states in a distributed way, the problem related to MRO algorithm can be mitigated if the neighbours are informed about which configuration is currently used.

In case the ES is completely controlled by OAM, OAM can inform the neighbour cells which mobility parameters to use, but in order to avoid resetting the MRO optimisation to its initial state, OAM shall be informed about all MRO adjustments.
· FFS2：It is FFS if any new mechanisms to verify the different coverage configurations shall be studied.
· Problem:
It is very important to verify the coverage of the cell after the configuration has changed.         
· Solution1:
          Use existing MDT to verify the coverage. 

· Solution2
For the case where a coverage cell provides coverage for the same area as the cells used for energy savings, signal strength measurements of the coverage cell and the compensation cell by the same UEs can be compared to assist with establishing the proper coverage for the compensation cell, such as in the case where the compensation cell is to have the same coverage as the coverage cell.
· FFS 3：The signalling mechanism to be used for switch on/off cells is FFS.
· Solution1 – Single compensating eNB deployment scenario
For this scenario the energy saving cells initiate the switch-off request and the compensating eNB makes the final decision.
· Solution2 – Multiple compensating eNBs deployment scenario (one energy saving eNB)
1.   OAM configures the energy saving cells and the compensating cells with two configurations containing necessary parameters (e.g.; RF parameters, HO parameters, cell info, …) 

2.    ES triggered in eNB A for cell A1. eNB A sends an inquiry to eNB B (and possibly eNB C) whether it can compensate A1

3.    All compensating eNBs (eNB B and possibly eNB C) responds that compensation is possible.

4.    eNB A switches off cell A1, informs neighbours, eNB B (and possibly eNB C) compensates.

5.  eNB B informs neighbours, including new neighbours, when switching to the compensating state (see FFS1)

· Solution3 – Multiple compensating eNBs deployment scenario (multiple energy saving eNBs)
For the scenario that multiple compensating cells compensate multiple energy saving cells, the energy saving cell initiates the compensation coordination procedure and make the decision. The first initiating ES cell is acting as the central controller. 
· Solution4: 
1. The ES cell's eNB sends a message to the compensation cell's eNB to request that the ES cell(s) be switched off. 

2. The compensation cell's eNB sends a response message to the ES cell's eNB with an indication that the ES cell(s) should be switched off. 

3. Once all the UEs of the ES cell(s) have been handed over, the ES cells' eNB sends a message with an indication that the compensation cell may begin to expand its coverage to include the area that was covered by the ES cell(s). 

4. The compensation cell expands its coverage to include the area that was covered by the ES cell(s).

5. The compensation cell eNB sends a message with an indication that the compensation cell has completed its coverage expansion.

6. The compensation cell's eNB sends "eNB Configuration Update" message to other eNBs indicating that one of its cells has expanded its coverage.

7. The ES cell(s)' eNB sends "eNB Configuration Update" message to other eNBs indicating that one or more cells have been switched off.
· FFS4：It is FFS if cells re-configured to provide compensation coverage should appear as different cells (i.e. different PCI and E-CGI).
· Problem:
 The compensating cell can either re-use the existing configuration or appear as a  new cell (with different ECGI/PCI).

· Solution1:
            The compensating cell appears as a different cell (with different ECGI/PCI):

· Will consume more PCI

· Will require that the UE served by this cell are handed over to the new cell

· Existing messages (activation) can be re-used to inform neighbours about the configuration change (see FFS1)
· Solution2
The compensating cell appears as the same cell (with the same ECGI/PCI):
· Will require that a new indicator is introduced to inform neighbours of the configuration change (see FFS1)
· FFS5：It is FFS if a scheme exists able to provide continuous service to RRC-Connected UEs during the transition to ES state.
· Problem:
       If a cell is switched off before its UEs HO to compensation cells, the UEs may encounter discontinuous service.

       In case of Intra frequency deployment, if the compensation is done too aggressively before energy saving cells enter saving mode, UEs may experience severe interference which may impact RRC-connected UEs     
· Solution1: Timer based

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 thanks to timers [2]
Solution2
           Use handover preparation to at least enable RRC re-establishment in the new cell.

· Solution3：CA-based ICIC
Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process:

a) Energy saving cells hand over users on a carrier different from a carrier f2,

b) Compensation cells increase the coverage of carrier f2, c) Energy saving cells hand over UEs to compensation cells, and

d) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.

· Solution4：ICIC based (non CA):
Compenation 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.  
· Solution5：Tx Power adaptation
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 can with multi-compensation cells and multi-ES cells.

.
· FFS6: It is FFS if multiple configurations should be defined to enable compensation by different subsets of neighbouring compensation cells.
·  Solution1
      Do not use multiple configurations to enable compensation by different subsets of neighbouring compensation cells
· Solution2
      Use multiple configurations to enable compensation by different subsets of neighbouring compensation cells:
· May provide multiple choices for much more flexible energy compensation depending on for example the load of the compensating cells.

· Will require more complex signalling for swith on/off

· Will require much more work for coverage optimization
· FFS7: The need to negotiate or inform about changes of the transmit power between eNBs and which power to negotiate is FFS.
· Problem:
 If a cell changes its transmission power, the capacity of overlapping common area with neighbour cells may be impacted. So it may be necessary to negotiate and inform about changes of transmit power.

· Solution1
           Do not inform neighbours about changes in power
· May result in an unstable system where cells try to optimise independently
·  Solution2

           Inform about changes in the total power usage in the cell

· Will not directly map to the change of coverage.
·  Solution3
           Inform about changes to the power usage of reference power

· Will give some freedom for the scheduler (RRM) to use different power for different users for the data part.
·  Solution4
Inform (one way) about the change of the TX power from the original value.
· Enables small autonomous changes to be executed at each eNB.
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5.2
Single compensating eNB deployment scenario

5.2.1
Scenario description
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Figure 5.2.1-1: Single compensating eNB

A coverage layer of E-UTRAN cells is deployed. At off-peak time, energy saving cells which may belong to different eNBs (e.g., cell4 of eNB2, cell5 of eNB3 and cell6 of eNB4 in Figure 5.2.1-1) may enter dormant mode, while the basic coverage is provided by one or more cells of one eNB (e.g., cell 1, 2 and 3 of eNB1). Adjacent areas to the coverage provided by eNB1, eNB2 and eNB3 (cell 1-6) may have E-UTRAN coverage provided by eNBs not shown in Figure 5.2.1-1. 

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. OAM can inform the neighbour cells which mobility parameters to use according to cells respective energy saving mode, but in order to avoid resetting the MRO optimisation to its initial state, OAM shall be informed about all MRO adjustments.
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. 
5.2.2.1 The signalling mechanism to be used for switch on/off cells
· OAM configures the energy saving cells and the compensating cells with two configurations containing necessary parameters (e.g.; RF parameters, HO parameters, cell info, …) 
· the energy saving cells initiate the switch-off request and the compensating eNB makes the final decision
· after compensation, the eNB sends a configuration change (if any) notification to its neighbours.





.5.2.2.2 Guaranteed continuous service to RRC-Connected UEs during the transition to ES state.
· Alternative 1: Timer based

Energy saving cell and compensation cell coordinate with each other about the time of state transition. In addition to handover preparation, the Tx ramping of compensating cells (in one direction) and of ES cells (in the opposite direction) are coordinated with timers [2]
· Alternative 2: CA-based ICIC
Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process:

a) Energy saving cells hand over users on a carrier different from a carrier f2,

b) Compensation cells increase the coverage of carrier f2, c) Energy saving cells hand over UEs to compensation cells, and

d) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.
· Alternative 3: ICIC based (non CA):
Compenation 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.  
· Alternative 4: Tx Power adaptation
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 can with multi-compensation cells and multi-ES cells.
5.2.3
Solutions evaluation 

5.3
 Multiple compensating eNBs deployment scenario 

5.3.1
Scenario description 
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Figure 5.3.1-1: Multiple compensating eNBs deployment scenario
A coverage layer of E-UTRAN cells is deployed. At off-peak time, one or more cells (e.g., cell 1, 2 and 3 of eNB1 in Figure 5.3.1-1) of one or more eNB enter(s) dormant energy saving mode and two or more adjacent compensation cells belonging to different eNBs e.g., cell4 of eNB2, cell5 of eNB3 and cell6 of eNB4 in Figure 5.3.1-1) extend their coverage to provide basic coverage to UEs in dormant cells area. Adjacent areas to the coverage provided by eNB1, eNB2 and eNB3 (cell 1-6) may have E-UTRAN coverage provided by eNBs not shown in Figure 5.3.1-1.

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. OAM can inform the neighbour cells which mobility parameters to use according to cells respective energy saving mode, but in order to avoid resetting the MRO optimisation to its initial state, OAM shall be informed about all MRO adjustments
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.
5.3.2.1 The signalling mechanism to be used for switch on/off cells
· Alternative 1: Multiple compensating eNBs deployment scenario (one energy saving eNB)
· OAM configures the energy saving cells and the compensating cells with two configurations containing necessary parameters (e.g.; RF parameters, HO parameters, cell info, …) 

· ES triggered in eNB A for cell A1. eNB A sends an inquiry to eNB B (and possibly eNB C) whether it can compensate A1

· All compensating eNBs (eNB B and possibly eNB C) responds that compensation is possible.

· eNB A switches off cell A1, informs neighbours, eNB B (and possibly eNB C) compensates.

· eNB B informs neighbours, including new neighbours, when switching to the compensating state
· Alternative 2: Multiple compensating eNBs deployment scenario (multiple energy saving eNBs)
Multiple configurations to provide multiple choices for energy compensation by different subsets of 
neighbouring compensation cells may be enabled
For the scenario that multiple compensating cells compensate multiple energy saving cells, the 
energy saving cell initiates the compensation coordination procedure and make the decision. The 
first initiating ES cell is acting as the central controller.
After compensation, the eNB(s) sends a configuration change (if any) notification to its neighbours.
.5.3.2.2 Guaranteed continuous service to RRC-Connected UEs during the transition to ES state.
· Alternative 1: Timer based

Energy saving cell and compensation cell coordinate with each other about the time of state transition. In addition to handover preparation, the Tx ramping of compensating cells (in one direction) and of ES cells (in the opposite direction) are coordinated with timers [2]
· Alternative 2: CA-based ICIC
Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process:

a) Energy saving cells hand over users on a carrier different from a carrier f2,

b) Compensation cells increase the coverage of carrier f2, c) Energy saving cells hand over UEs to compensation cells, and

d) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.
· Alternative 3: ICIC based (non CA):
Compenation 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.  
· Alternative 4: Tx Power adaptation
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 can with multi-compensation cells and multi-ES cells.
5.3.3
Solutions evaluation 

5.4
 Transmission power optimization scenario
5.4.1
Scenario description 

The scenario assumes the TX power of LTE cells can be reduced. This approach to save energy is to optimize the transmission power of all or most cells, so that without switching off any cell, overall energy consumption is minimized. 
5.4.2
Solutions description 

Solution 1

A distributed scheme where eNBs use mobility measurement (and possibly MDT measurements) collected from the UEs to estimate if there is any scope for TX power optimisation. There is no need to forward measurements between eNB. It is assumed that the allowed range of the power adjustment is controlled by OAM. The allowed range of the power adjustment guarantees a stable system, i.e. any combination of values selected by the eNBs involved in that scheme should not result in coverage holes, etc…

It may be needed to negotiate and/or inform about changes of the transmit power between eNBs by means of:
· The eNB(s) may inform its neighbours changes in the total power usage in the cell or power usage of reference power.

· Inform (one way) about the change of the TX power from the original value.
Solution 2

A centralized approach is used where OAM performs the transmit power adjustment with the help of MDT measurements collected by the eNB and forwarded to OAM.
	*** Remaining text not changed ***
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