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Energy saving scenarios for LTE coverage layer

Scenarios for energy saving are scenarios where a LTE layer deployed according to network planning to provide coverage may offer opportunities to reduce the overall energy consumption.

Energy saving scenarios includes cells switching off with compensation provided by neighbour cells and/or other energy saving methods, e.g. energy saving with Tx power optimization.
The Compensation in the context of Energy Saving denotes a method where accessibility to the network in a coverage area of a cell to be moved in Energy Saving mode is provided by the coverage of one or more other cells.

Note:
It is an operator task to provide a compensation which respects the local regulatory constraints ( e.g. power, throughputs, …).
It is operator's concern to select appropriate areas where these methods can be applicable. Possible candidate areas are characterised by a network deployment that enables the extension of cells (i.e. not coverage limited) and areas where the traffic variation in time puts different requirements on the capacity (e.g. office areas, sports arenas).

5.1
Common requirements and constraints

The basic requirements for energy saving scenarios for LTE coverage layer are included in the scope of the study item on Network Energy Saving for E-UTRAN (TR 36.927 [3]). The following requirements are added:

a)
Avoid coverage compensation if it is not necessary

b)
Interference levels shall be approximately equal or lower when the network enters energy saving mode

c)
UE QoS experience should be taken into consideration when developing energy saving solutions

The energy savings gain for LTE coverage layer scenarios may be limited by the increase in transmission power of compensation cells. As studied in [4], [5] a constraint for this scenario is that the energy saving action employed by the compensation cells should not increase their transmit power beyond the limit within which energy savings is achievable.
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.
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. 
Step 1: The eNB controlling the cells that extend their coverage keep the same cell identifications (ECGI/PCI) for the cells with extended coverage as for the cells in normal coverage mode. 

Step 2: In order to handle neighbour cell relations and mobility parameters properly, the extended coverage cell state is distinguished from the normal coverage cell state with an explicit indicator provided within the X2 eNB Configuration Update procedure.
Step 3: The eNBs affected by the coverage change may need to adjust mobility parameters.

Solution 1.2: The compensating cell appears as a different cell (with different ECGI and possibly also different PCI) 
Step 1: The eNB controlling the cells that extend their coverage configure the extended cells with cell identifications (i.e. different ECGI and possibly also different PCI) and other necessary configuration data different from the configuration data used for the cell in normal coverage mode. There are benefits of re-using the PCI, but this requires a solution to avoid possible PCI/ECGI ambiguity creating inter-RAT mobility problems and problems with RLF indication.
Step 2: The eNB controlling the cells that extend their coverage informs its neighbour eNBs with the existing X2 eNB Configuration Update procedure of the configuration change

Step 3: Typically, the mobility parameters applicable for the respective configuration are stored in the eNB. However, if necessary, the eNBs affected by the coverage change may adjust mobility parameters.

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 2.1: 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.
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 .

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.

Issue 4
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.

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.

5.2.3
Solutions evaluation 

Note:
The following evaluation tables in this section were not agreed in RAN3. There are included in the TR just for information.
Issue 1 
The solutions for this issue are evaluated and compared in the table 5.2.3-1 below.

Table 5.2.3-1 Evaluation of solutions for issue 1
	
	Solution 1.1
	Solution 1.2
	Solution 1.3

	Complexity
	There are two coverage states visible over the X2, and the change of state needs to be notified to neighbour cells.
It is assumed that one X2 message pair needs to be exchanged to update the MRO state
	There is only one coverage state visible over the X2 per ECGI.



The solution is based on existing signaling and functionality
	There are two coverage states for one PCI/ECGI. OAM stores these and (re-) configures all impacted nodes accordingly.

	Potential ES gain
	N/A
	N/A
	N/A

	Specification impact
	New RNL Signalling would need to reflect the cell states. FFS whether apart from MRO, Load Information, Neighbour Cell Information, UE History is impacted. 
	None.
	New OAM requirements could be captured in 36.300.

SA5 specification impact not assessable by RAN3

	OAM impact
	OAM will be involved in cell stateconfiguration.
	OAM is required to configure more ECGIs and, dependent on the solution chosen, also more PCIs. 
	At state transition, store parameters of the  state that is left,and re-configure  the eNB according to the state that it entered.

	eNB impact
	The eNB needs to take into account neighbour cell states and perform respective signalling. 
	The eNB needs to maintain two logical cells (with different IDs) for each physical compensation cell and perform respective signalling. 
Note: If the same PCI is reused in these two logical cells, the IRAT neighbor relationships may be affected and cause mobility failure.
	At state transition, the eNB needs to store MRO parameters for the state that is left and re-configure the eNB according to the state that it entered.

	UE impact
	None identified 
	None identified
	None identified


Issue 2 
The solutions for this issue are evaluated and compared in the table 5.2.3-2 below.

Table 5.2.3-2 Evaluation of solutions for issue 2
	
	Solution 2.1
	Solution 2.2

	Complexity
	Note: FFS needs to be solved in 5.2.2 first.


	Note: FFS needs to be solved first.



	Potential ES gain
	N/A
	N/A

	Specification impact
	
	

	OAM impact
	
	

	eNB impact
	
	

	UE impact
	None
	None


Issue 3 
The solutions for this issue are evaluated and compared in the table 5.2.3-3 below.
Table 5.2.3-3 Evaluation of solutions for issue 3

	
	Solution 3.1 
	Solution 3.2
	Solution 3.3
	Solution 3.4
	Solution 3.5

	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. 
	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. The solution is based on existing signaling and functionality.
	The UEs served by ES cell need to be handed over twice.

An extra carrier is required.
The solution is based on existing signaling and functionality.

	 This solution relies on existing eICIC mechanism.
	Similar to Solution 3.1 with UE measurement taken into account.



	Potential ES gain
	N/A
	N/A
	N/A
	N/A
	N/A

	Specification impact
	Depends on the actual solution (OAM or signalling).
In case of signaling-based solution, it is required to maintain tight time synchronization, which is not guaranteed nowadays.
	None

	None
	None
	Further evaluation of the method is needed. New signaling need to be introduced for the coordination.
It is required to maintain tight time synchronization, which is not guaranteed nowadays.

	OAM impact
	If an OAM method is used, RF Parameters for each ramping step need to be carefully planed and tested.
	None
	OAM initiates the reconfiguration in the concerned eNBs.
	OAM is required to pre-configure the ABS subframe pattern for the ES cell and the compensating cell.
	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.
	The source eNB triggers handover preparation to multiple target eNBs
	The ES eNB is required to support multi-carriers overlaid with the ES cell.
	None
	Both the ES eNB and the compensating eNB need to take into account the UE SINR. 

Multi-iterations of coordination on Tx power might be needed between the two eNBs. 

	UE impact
	No requirement on UE features.


	No requirement on UE features.


	No requirement on UE features.


	Impact on UE features:

The UEs served by the ES cell is required to support eICIC feature (Rel-11 UEs). 
	No requirement on UE features.



	
	Impact on UE power consumption:

One time handover
	Impact on UE power consumption: UEs need to attempt re-establishment.

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

	Impact on UE power consumption:

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



Issue 4 
The solutions for this issue are evaluated and compared in the table 5.2.3-4 below.
Table 5.2.3-4 Evaluation of solutions for issue 4
	
	Solution 4.1
	Solution 4.2

	Complexity
	All the UEs served by the compensation cell need to be handed over to another carrier. 

An extra available carrier is required.
The solution is based on existing signaling and functionality
	All the UEs served by the compensation cell and the ES cell need to be handed over to another carrier. 

Two extra available carriers are required.
The solution is based on existing signaling and functionality

	Potential ES gain
	N/A
	N/A

	Specification impact
	None
	None

	OAM impact
	OAM needs to pre-configure the required ABS subframe configurations for the ES cell and the compensating cell.
	None

	eNB impact
	The compensating eNB is required to be deployed extra carriers overlaid with the compensation cell.
	Both the compensating eNB and the ES eNB are required to be deployed extra carriers overlaid with the concerned cells.

	UE impact
	Impact on UE features:

The UEs served by the compensation cell are required to support eICIC feature (Rel-11 UEs).
	No requirement on UE features.



	
	Impact on UE power consumption:

UEs served by compensation cell need to execute twice handovers.
	Impact on UE power consumption:

UEs served by compensation cell and ES cell need to execute handover twice.


Issue 5 
The solution for this issue is evaluated in the table 5.2.3-5 below.
Table 5.2.3-5 Evaluation of solution for issue 5
	
	Solution 5.1

	Complexity
	The eNBs should inform OAM of necessary information (e.g. load status) to enable the OAM to make switch off/on decision.

	Potential ES gain
	N/A

	Specification impact
	None for RAN specs.

	OAM impact
	OAM is required to make switch off/on decision based on information (e.g. the load status) from the ES cells and compensation cells.

Signalling used to exchange cell load information and switch off/on command needs to be defined over management interface. It is FFS whether corresponding signalings used in Rel-9 ES could be reused.

	eNB impact
	The eNBs should inform OAM of necessary information (load status) of the concerned cells, and be ready to handle the switch off/on command from OAM.

	UE impact
	None.


5.2.4
Conclusions

Following conclusions can be formulated:
1.
All the issues related to compensation scenario can be resolved with existing X2AP signalling and these solutions are prioritised in future work.
2.
If the discussion on MRO support for dynamic deployment changes (SON SI) concludes that new X2AP signalling is beneficial, that signalling may be reused for ES purposes.
3.
There are benefits of re-using the PCI in the compensation cell, but this requires a solution to avoid possible PCI/ECGI ambiguity creating inter-RAT mobility problems and problems with RLF indication.
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.

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. 
Step 1:
The eNB controlling the cells that extend their coverage keep the same cell identifications (ECGI/PCI) for the cells with extended coverage as for the cells in normal coverage mode. 

Step 2:
In order to handle neighbour cell relations and mobility parameters properly, the extended coverage cell state is distinguished from the normal coverage cell state with an explicit indicator provided within the X2 eNB Configuration Update procedure.
Step 3:
The eNBs affected by the coverage change may need to adjust mobility parameters.

Solution 1.2:
The compensating cell appears as a different cell (with different ECGI/PCI) 
Step 1:
The eNB controlling the cells that extend their coverage configure the extended cells with cell identifications (ECGI/PCI) and other necessary configuration data different from the configuration data used for the cell in normal coverage mode.

Step 2:
The eNB controlling the cells that extend their coverage informs its neighbour eNBs with the existing X2 eNB Configuration Update procedure of the configuration change

Step 3:
Typically, the mobility parameters applicable for the respective configuration are stored in the eNB. However, if necessary, the eNBs affected by the coverage change may adjust mobility parameters.

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 2.1:
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 

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  
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.

Issue 4
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.

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.

5.3.3
Solutions evaluation 

Issue 1
The solutions for this issue are evaluated and compared in the table 5.3.3-1 below.

Table 5.3.3-1 Evaluation of solutions for issue 1
	
	Solution 1.1
	Solution 1.2
	Solution 1.3

	Complexity
	
	
	

	Potential ES gain
	
	
	

	Specification impact
	
	
	

	OAM impact
	
	
	

	eNB impact
	
	
	

	UE impact
	
	
	


Issue 2
The solutions for this issue are evaluated and compared in the table 5.3.3-2 below.

Table 5.3.3-2 Evaluation of solutions for issue 2
	
	Solution 2.1
	Solution 2.2

	Complexity
	
	

	Potential ES gain
	
	

	Specification impact
	
	

	OAM impact
	
	

	eNB impact
	
	

	UE impact
	
	


Issue 3
The solutions for this issue are evaluated and compared in the table 5.3.3-3 below.
Table 5.3.3-3 Evaluation of solutions for issue 3

	
	Solution 3.1
	Solution 3.2
	Solution 3.3
	Solution 3.4
	Solution 3.5

	Complexity
	
	
	
	
	

	Potential ES gain
	
	
	
	
	

	Specification impact
	
	
	
	
	

	OAM impact
	
	
	
	
	

	eNB impact
	
	
	
	
	

	UE impact
	
	
	
	
	


Issue 4
The two solutions for this issue are evaluated and compared in the table 5.3.3-4 below.
Table 5.3.3-4 Evaluation of solutions for issue 4
	
	Solution 4.1
	Solution 4.2

	Complexity
	
	

	Potential ES gain
	
	

	Specification impact
	
	

	OAM impact
	
	

	eNB impact
	
	

	UE impact
	
	


Issue 6
The solution for this issue is evaluated in the table 5.3.3-5 below.
Table 5.3.3-5 Evaluation of solution for issue 6
	
	Solution 6.1

	Complexity
	

	Potential ES gain
	

	Specification impact
	

	OAM impact
	

	eNB impact
	

	UE impact
	


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.

The following issue has been addressed:
Issue 1
The need to negotiate or inform about changes of the transmit power between eNBs and which power to negotiate was discussed.
If a cell changes its transmission power of the reference signal, the border with neighbour cells may be shifted. The following two solutions are identified with regard to informing neighbour cells or not:
Solution 1.1:
Do not inform neighbours about changes in power
Solution 1.2:
Inform about changes to the power usage of reference signal.

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.
5.4.3
Solutions evaluation
The solutions for Issue 1 in Solution 1 are evaluated and compared in the table 5.4.3-1 below.
Table 5.4.3-1 Evaluation of solutions for issue 1 in Solution1
	
	Solution 1.1
	Solution 1.2

	Complexity
	No
	Only related to the needed signalling

	Potential ES gain
	An eNB may decrease its TX power only as much as the coverage allows.
Note:The potential gains depend on the margins that have been taken for the initial deployment.
	An eNB may reduce its TX power as much as own and neighbour’s measurements allow.
Note: The potential gains depend on the margins that have been taken for the initial deployment.

	Specification impact
	No
	X2AP signaling to inform about allowed margins

	OAM impact
	Usual OAM operation
	Usual OAM operation

	eNB impact
	An eNB must analyse reports from the UEs to decide how much it can reduce its TX power
	An eNB must analyse reports from the UEs and the neighbours to decide how much it can reduce its TX power

	UE impact
	No specific impact (existing HO reportings)
	No specific impact (existing HO reportings)


The solutions for transmission power optimization scenario are evaluated and compared in the table 5.4.3-2 below.
Table 5.4.3-2 Evaluation of solutions for Transmission power optimization scenario

	
	Solution 1
	Solution 2

	Complexity
	See above (Table 5.4.3-1)
	OAM must collect and compare, the MDT measurements and current TX settings at eNBs

	Potential ES gain
	See above (Table 5.4.3-1)
	The OAM is able to optimize the TX power as much as each eNB’s settings allow.
Note: The potential gains depend on the margins that have been taken for the initial deployment.

	Specification impact
	See above (Table 5.4.3-1)
	ItfN to enable synchronized TX power setting modification

	OAM impact
	See above (Table 5.4.3-1)
	The OAM must be enhanced with a full new functionality

	eNB impact
	See above (Table 5.4.3-1)
	eNBs must report their settings to the OAM.

	UE impact
	See above (Table 5.4.3-1)
	MDT measurements are needed.


NOTE:
The mechanism is based on long term statistics to determine the possible margin of Tx power.
<<< TP end  >>>
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