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1. Introduction
In last RAN3 meeting, some issues were discussed for the energy saving in LTE coverage layer, and corresponding solutions for each issue were provided [1], which need to be discussed and evaluated further.

This contribution makes analysis and evaluation on these solutions for discussion in RAN3.
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
· Analysis 

· Solution 1.1 needs to change X2 specification, however no new signaling shall be added but one indicator.
· Solution 1.2 has no impact on specification, but need too much pre-configuration of the new ECGI/PCI from OAM. The transition from normal mode to energy saving mode may be achieved with considerable complexity.
· Solution 1.3 has no impact on RAN specification, but requires additional signaling over the Itf-N between OAM and eNB to exchange MRO parameters. Thus SA5 standardization work is needed in case this method is adopted.
2.2. Issues 2 and solutions analysis
· Cells re-configured to provide compensation coverage may appear as different cells (i.e. different PCI and E-CGI). The cell reconfigured is the cell that will provide the compensation.
· Solution 2.1: The compensating cell appears as a different cell (with different ECGI/PCI). This will require that the UE served change cell. It is FFS if existing messages (activation) can be re-used to inform neighbours about the configuration change.
· Solution 2.2: The compensating cell appears as the same cell (with the same ECGI/PCI). This will require a solution to inform neighbours about the configuration change.
· Analysis 
· Solution 2.1: 
· As discussed above, solution 2.1 has no impact on specification. But, as the compensation cell appears as different cells before and after coverage change, OAM is required to configure two sets of cell relation parameters: one for normal mode and another for energy saving mode. In the two configurations, the energy saving cells are identical, while the compensation/coverage cells are not. 

· The compensation eNB needs to keep both the Neighbor Relation Table (NRT) of the ‘old’ and ‘new’ cells. To guarantee that the local MRO algorithm is not affected, these two NRTs should be steady and not affected by the configuration change. This may complicate the work.
· When switching between the twin energy saving mode, the compensation eNB need 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.

· When switching between the twin energy saving mode, in both case of compensation expansion and shrinking, all the served UE are affected.
· Solution 2.2: 

· This solution has less impact than solution 2.1 on the served UEs,but needs to add a new indicator.
· As the compensation cells use the same IDs before and after coverage tune, only one NRT for each compensation cell need to be setup, which would be updated accordingly before and after configuration change. Thereby, the compensation eNB needs to store two MRO states (i.e. two sets of mobility configuration) for each neighbor of the compensation cell.

· When switching between the twin energy saving mode, the compensation eNB only need to notify direct neighboring eNBs of the state change of served cells.
· When switching between the twin energy saving mode, only parts of served UEs are affected when the compensation cells shrinks.
In the following table the comparison of the two alternatives is summarized.
Table 1.  Comparison of two alternatives of compensation cells’ IDs
	  
	Solution 2.1  Compensation cell appears with different IDs
	Solution 2.2  Compensation cell appears with same IDs

	Impact on specification
	None
	Yes

	Backward compatibility
	Compatible
	Compatible

	Impact on served UEs
	Medium

	Small



	Impact on neighbouring eNBs
	Medium

	Small



	OAM impact
	Two sets of configuration of ES-Compensation relation,

one for normal mode, and another for ES/Compensation mode
	Only one set of configuration of ES-Compensation relation

	Impact on Neighbour Relations
	Setup two NRTs, one for the ‘old’ cell, and another for the ‘new’ cell
	Only setup one NRT for each compensation cell, 

	Impact on MRO
	None
	Need store two MRO states for each neighbour cell 

	Complexity
	High
	Low


  Note: The energy saving solution, for which the compensating cells appear with different IDs, consume too much cell ID. Therefore, may complicate the NRT configuration and maintenance in case of multiple ES/compensation eNBs.  
2.3. Issues 3 and solutions analysis
· Continuous service to RRC-Connected UEs during the transition to ES state has to be provided. This applies to the cell which will move to Energy Saving Mode.
· 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.

·  Analysis 
· Solution 3.1: As the Tx power of compensating cells and of ES cells is adjusted step by step, more network planning efforts and drive test work are necessary. Because at each interim step, the Tx power (and antenna tilts etc.) of both compensation cells and ES cells need to be calculated and verified in advance, in order to avoid coverage hole or high level interference.
·  Solution 3.2: RLF is unavoidable, but can enable the consequent connection re-establishment to be successful. In some extent, this alleviates the impact on users experience.

· Solution 3.3: Can avoid failures of connected UEs, if both compensation cells and ES cells support multi-carriers. However, the working assumption may not always be satisfied, thereby this method only applies in specific ES scenarios.
· Solution 3.4: Can avoid failures due to either coverage hole or the interference between the expanded compensation cells and not switch-off ES cells.  Further, it utilizes some existing eICIC mechanism, therefore has no impact on specification.

· Solution 3.5: This solution may be complex and needs much signaling over X2 interface, and to assure convergence for the coordination procedure one additional central function is needed.
These solutions are compared at 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



	Feasibility
	Feasible
	Partly feasible 

(RLF not avoided)
	Not always feasible

(a priori deployment of multi-carrier)
	Feasible
	Feasible

	Backward compatibility
	Compatible
	Compatible
	Compatible
	Compatible
	Compatible

	Impact on specification
	Yes, need new X2 signaling
	None
	None
	None
	Yes, need new X2 signaling

	eNB impact
	Low
	None
	Low
	Low


	Medium 
(need to implement multiple  times iteration)

	OAM impact
	None
	None
	Low

(configure multi-carrier)
	Low

(need to configure ABS subframe)
	Medium

(need to implement central coordination)

	UE impact
	None
	None
	None
	Low

(UE need support ABS subframe measurement)
	None

	Complexity
	Medium
	Low
	Low
	Low
	High


3. Proposal
In this contribution, the possible solutions for three issues were discussed and evaluated, and then put forward the proposal. 
Proposal 1: RAN3 discusses the above analysis and evaluation, and agrees to capture the following TP into the TR 36.887.
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5.2.3
Solutions evaluation 

5.2.3.x1: Evaluation when compensation cells conserve their ECGI/PCI or take new one
When switching from normal mode to energy saving node, the compensation cells may appear as the same cell (with the same ECGI/PCI) or different cell (with different ECGI/PCI). The table below compared these two alternative solution:
Table 1.  Comparison of two alternatives of compensation cells’ IDs
	
	Compensation cell appears with different IDs
	Compensation cell appears with same IDs

	Impact on specification
	None
	Yes

	Backward compatibility
	Compatible
	Compatible

	Impact on served UEs
	Medium

	Small



	Impact on neighbouring eNBs
	Medium

	Small



	OAM impact
	Two sets of configuration of ES-Compensation relation,

one for normal mode, and another for ES/Compensation mode
	Only one set of configuration of ES-Compensation relation

	Impact on Neighbour Relations
	Setup two NRTs, one for the ‘old’ cell, and another for the ‘new’ cell
	Only setup one NRT for each compensation cell, 

	Impact on MRO
	None
	Need store two MRO states for each neighbour cell 

	Complexity
	High
	Low


  Note: The energy saving solution, for which the compensating cells appear with different IDs, consume too much cell ID. Therefore, may complicate the NRT configuration and maintenance in case of multiple ES/compensation eNBs.  

5.2.3.x2: Evaluation for continuous service to RRC-Connected UEs 
For issue 3, the five possible solutions are compared at 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



	Feasibility
	Feasible
	Partly feasible 

(RLF not avoided)
	Not always feasible

(a priori deployment of multi-carrier)
	Feasible
	Feasible

	Backward compatibility
	Compatible
	Compatible
	Compatible
	Compatible
	Compatible

	Impact on specification
	Yes, need new X2 signaling
	None
	None
	None
	Yes, need new X2 signaling

	eNB impact
	Low
	None
	Low
	Low


	Medium 
(need to implement multiple  times iteration)

	OAM impact
	None
	None
	Low

(configure multi-carrier)
	Low

(need to configure ABS subframe)
	Medium

(need toimplement central coordination)

	UE impact
	None
	None
	None
	Low

(UE need support ABS subframe measurement)
	None

	Complexity
	Medium
	Low
	Low
	Low
	High


5.3.3
Solutions evaluation 

The evaluations of solutions for the issues are same as section 5.2.3.
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