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1. Introduction
In last RAN3 meeting, the evaluation criteria were discussed and captured in the TR36.877 [1] for the energy saving in LTE coverage layer. Based on these criteria, this contribution makes analysis and evaluation on the possible solutions issue by issue.
2. Discussion
2.1. Issues 1 and solutions analysis
· By modifying the coverage, the MRO algorithm in the neighbor cells may be impacted.

· Solution 1.1: A new indicator is introduced to inform neighbours over X2 interface of the configuration change. 

·  Solution 1.2: The compensating cell appears as a different cell (with different ECGI/PCI) 

·  Solution 1.3: The OAM configures the cells with respective MRO parameters. And eNB informs OAM of MRO parameters optimization
· Solution 1.1
· Complexity 
As a new indicator is introduced and the compensation cells use the same IDs after coverage tune, there are two states visible over the X2 interface. When switching between the two states, the compensation eNB only needs to notify direct neighboring eNBs of the state change.
· Specification impact
This solution has impact on specification. The existing ENB CONFIGURATION UPDATE message without change could not be used to notify the configuration change, thus a new indicator needs to be introduced.
· eNB impact
As usual, in the compensating eNB only one NRT for each compensation cell needs to be setup and maintained, which would be updated accordingly after state change (i.e. configuration change). Thereby, the compensation eNB needs to store two MRO states (i.e. two sets of mobility parameters configuration) for each neighbor of the compensation cell.
This solution has no impact and requirement on OAM and UE features.
· Solution 1.2

· Complexity 

It requires more assignment of cell identities, especially PCI, thus the implementation complexity increases, e.g. the PCI allocation becomes tougher.
Since the compensation cell appears as a different cell after coverage changes, there should be two states for the same physical cell over the X2 and S1 interface. When switching between the two states, the compensation eNB needs to notify direct neighboring eNBs. And in addition, the neighbor’s neighbor eNB should also be informed about the update of the neighbor cell information. Thus, more signalling messages are generated over X2 interface.
· Specification impact

When the compensation cell configuration changes, the existing ENB CONFIGURATION UPDATE message could be sent to the neighbour eNBs, in which the new ECGI/PCI refers to the cell after expansion, while the old ECGI/PCI refers to the original served cell without cell expansion.
This solution has no impact on specification.

· OAM impact

This solution requires OAM to configure more ECGIs (maybe more PCIs if a centralized PCI configuration method is used).

· eNB impact

Since the compensation cell has two identities, it needs to maintain two Neighbor Relation Tables (NRT), one of which for the ‘old’ cell and another for the ‘new’ cell respectively. Local ANR and MRO algorithms need to maintain the two tables according to the current IDs of the compensation cell. This may increase the complexity of the eNB algorithm.

This solution has no impact and requirement on UE features.

· Solution 1.3

Solution 1.3 has no impact on RAN specification, but requires the eNB to inform the MRO parameters to OAM. Then additional information exchange between OAM and eNB is needed. Thus SA5 standardization work is needed in case this method is adopted.

These solutions are compared in the table below.
Table 1.  Comparison of solutions for issue 1
	
	Solution 1.1


	Solution 1.2


	Solution 1.3



	Complexity
	Low

	High
	Low

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

	Specification impact
	Yes (X2)

	None
	Yes (OAM)

	OAM impact
	None

	Yes

	Yes


	eNB impact
	Medium
	Medium
	Low

	UE impact
	None
	None
	None


Note *: The intention of these three solutions is not to save energy, but to solve the problem on the MRO algorithm of neighbouring eNBs. In other words, these solutions have no impact on potential ES gain.
2.2. Issues 2 and solutions analysis
· 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.
· Solution 2.1
Solution 2.1 is identical to solution 1.2 for issue 1. 
· Solution 2.2

For solution 2.2, the existing ENB CONFIGURATION UPDATE message without change could not be used to notify the configuration change, because there is no information that can reflect the coverage change of the compensation cells. Thereby a new indicator needs to be introduced, and consequently this solution is identical to solution 1.1.
For the comparison of the two solutions, please see the above Table 1.
2.3. Issues 3 and solutions analysis
· 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.  
· 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. The solution is applicable to multi-compensation cells and multi-ES cells.

·  Solution 3.1 

· Complexity
ES cell and compensation cell need to exchange signalling messages to negotiate the transition time and the Tx power ramping. 
As the power ramping is coordinated between eNBs, more calculation is needed in both the compensating eNB and the ES eNB, in order to avoid coverage hole or high level interference. Thus the complexity of this solution is relatively high.
· Specification impact
New signalling needs to be introduced over X2 for support of coordination between eNBs. 

· eNB impact
The ES eNB and compensating eNB need to sustain time synchronously, for both TDD and FDD base stations.

Both the two eNBs should be able to calculate the appropriate ramping rate of Tx power at each step. 
This solution has no impact and requirement on OAM and UE feature.
· Solution 3.2 

This solution utilizes existing method, and has not any impact.
· Solution 3.3 

· Complexity 
The implementation is not complex, since only twice inter-freq handovers need to be executed.
· eNB impact
The ES eNB is required to be deployed with multi-carriers overlaid with the ES cell.
This solution has no impact on specification, OAM and UE feature.

· Solution 3.4 

· Complexity 
The implementation is not complex, since this solution utilizes existing eICIC mechanism.
· OAM impact
OAM needs to pre-configure the required ABS subframe for the ES cell and the compensating cell.
· UE impact

This solution requires the UEs served by the ES cell to support eICIC feature.
This solution has no impact on specification and eNB.

· Solution 3.5 

· Complexity 
This solution requires large amount of calculation in the two eNBs and also quite a few signalling messages over X2 interface. Thus the implementation is much complex.
· Specification impact
New signallings need to be introduced for the coordination of Tx power between the ES eNB and the compensating eNB.
· OAM impact
OAM needs to implement the central coordination function required by the solution.
· eNB impact
Both the ES eNB and the compensating eNB need to do large amount of calculation with the UE SINR taken into account.  
The two eNBs need to exchange messages and perform multi-times iterations to coordinate the Tx power adaption.
This solution has no impact and requirement on UE feature.

These five solutions are compared in the table below.

Table 2.  Comparison of solutions for issue 3

	
	Solution 3.1 


	Solution 3.2


	Solution 3.3


	Solution 3.4


	Solution 3.5



	Complexity
	High

	Very Low
(This solution could not resolve the issue completely)
	Low
	Low
	High

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

	Specification impact
	Yes
	None
	None
	None
	Yes

	OAM impact
	None
	None
	None
	Low


	Medium



	eNB impact

	High
	None
	Medium
(need deployment of overlaid multi-carriers)
	None
	High

	UE impact
	None
	None
	None
	Low
	None


Note *: the intention of these five solutions is not to save energy, but to solve the problem of continuous service of connected UEs. In other words, from energy saving point of view, these solutions have no impact on potential ES gain.
2.4. Issues 4 and solutions analysis
· 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.

· Solution 4.2: based on extra available carrier on both compensation cell and ES cell

· Solution 4.1 

· Complexity 
All the UEs served by the compensation cell need to be handed over to another carrier simultaneously. However, these handovers are intra-eNB handover without need of signalling messages over network interface. Thus this solution is not complex.
· OAM impact
OAM needs to pre-configure the required ABS subframe for the ES cell and the compensating cell.
· eNB impact
The compensating eNB is required to be deployed multi-carriers overlaid with the compensation cell. 
· UE impact

This solution requires the UEs served by the compensation cell to support eICIC feature.
· Solution 4.2 

This solution is similar to solution 4.1 only with a little difference. Besides compensation cell, it also requires one extra carrier on ES cell. Thereby, there is no need for OAM to pre-configure the ABS subframes, and no requirement of eICIC feature for UEs.
Both the two solutions have no specification impact.
The two solutions are compared in the table below.

Table 3.  Comparison of solutions for issue 4
	
	Solution 4.1


	Solution 4.2



	Complexity
	Low

	Low



	Potential ES gain *
	N/A
	N/A

	Specification impact
	None

	None

	OAM impact
	Low
	None

	eNB impact
	Medium

(need deployment of overlaid multi-carriers)
	Medium

(need deployment of overlaid multi-carriers)

	UE impact
	Low
	None


Note *: the intention of these two solutions is not to save energy, but to solve the problem of continuous service of UEs served by compensation cell. In other words, from energy saving point of view, these solutions have no impact on potential ES gain.
3. Proposal
In this contribution, based on the approved evaluation criteria, the possible solutions for the four issues were discussed and evaluated, and then it is proposed, 
Proposal: RAN3 discusses the above analysis and evaluation, and agrees to capture the attached TP into the TR 36.887.
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