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1
Decision/action requested

The group is requested to discuss and approve the proposed inter-RAT energy saving use cases and scenarios
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Rationale

Cellular operators are forced to continuously upgrade their networks in order to meet the insatiable appetite of mobile Internet users. The networks are mainly designed to support the data traffic in rush hours, but are lighly used during the off-peak hours, similar to empty freeways at midnight in many major cities. The driver of energy saving management is to reduce the green house effect for protecting the environment; and to lower electricity bills for operators that are even more important in the wake of Fukushima Daiichi nuclear disastors.
Basically, the rational of energy saving management is beased on the following text that was extracted from section 5.1.1 in [4].
The energy saving solutions for this scenario should only be considered in case there are no LTE-only capable devices, and in case the E-UTRAN is jointly deployed with legacy RAT (e.g. UMTS or GSM). 

If all cells have the same multiple PLMNs in a network sharing scenario, there are no issues with the solutions to scenario 1. Limitations related to other network sharing scenarios are FFS.
It means that inter-RAT energy saving management is feasible if the following conditions are met.  
· “no LTE-only capable devices”: an multi-mode UE can communicate with multiple RAT 
· “the E-UTRAN is jointly deployed with legacy RAT”: E-UTRAN and legacy RAT are collocated
· “all cells have the the same multiple PLMNs in a network sharing scenario”: an UE can be serviced by cells with different RAT through network sharing  
4
Introduction

The basic principle of inter-RAT energy saving management is to switch off certain cells in an overlapping multi-cell scenario at off-peak hours, providing the services to UEs are not degraded. The cells being switched off are called energy saving cells. The cell being chosen to service UEs in the energy saving interval is called standby cell. TS 32.551 “Energy Saving Management concepts and requirements” [5] does not define the amount of impact on UE services allowed for the inter-RAT energy saving management, except stating that “The acceptable impact on services shall be determined based on operator’s policy”.  But, it is fair to say that the minimum requirement is “The US shall not be disconnected from eNB or NB”.
The inter-RAT ESM SI proposal [1] includes the following 2 use cases. 

· Cells of the different RATs are collocated and have a similar coverage area.

· Cells of one RATs are not collocated and have a significantly smaller coverage area than the other RAT.

This contribution proposes scenarios and contraints for the use cases listed above.

1. Cells of the different RATs are collocated and have a similar coverage area. 
This use case refers to fully overlapping macro cells of different RATs that are mounted on the same tower as legacy RAT. This use case consists of two scenarios:
· UE capability constraint: This scenario was also discussed in [3] [6].  It covers that the trigger of ESM function or the selection of energy saving cells and standby cells are determined by the UE capability. 
For example, there are 3 overlapping cells that support GSM, UMTS, and LTE, respectively. UEs in the LTE cell are dual mode that can communicate with LTE eNB and GSM NB. UEs in the UMTS cell can communicate with the GSM NB. Therefore, all UEs in UMTS and LTE cells can enter the GSM cell during the energy saving interval. GSM cell is the standby cell, and LTE cell and UMTS cell are the energy saving cells.  
· UE location constraint: It covers that the trigger of ESM function or the selection of energy saving cells and standby cells are determined by the UE location.

For example, there are 3 overlapping cells that support GSM, UMTS, and LTE, respectively. An UE is located at the edge of the UMTS cell, and can’t communicate with the GSM cell. Therefore, UMTS cell can not enter the energy saving mode, since it does not meet the minimum requirement stated above.    
2. Cells of one RATs are not collocated and have a significantly smaller coverage area than the other RAT.
This use case indicates that multiple noncollocated smaller micro cells or pico cells are overlapping with a macro cell [2]. The macro cell is to provide the basic coverage, while micro cells or pico cells are used to boost the network capacity for coping with the user demand during the peak hours. This use case consists of two scenarios:
· UE capability constraint: Similar to use case 1, UE capability should be taken into consideration in the selection of energy saving cell or standby cells. 

· UE location constraint: Similar to use case 1, UE location should be taken into consideration in the selection of energy saving cell or standby cells.
This contribution proposes a new use case “Partially overlapping of macro cells with different RATs” that is covered in the inter-eNB scenario 1 in Figure 6.1.1-1 in TR 36.927 [4]. Figure 6.1.1-1 shows two macro cells – Legacy Cell A and Legacy Cell B – are partially overlapped, and may contain micro cells or pico cells. This use case could represent the typical deployment in the complicated cellular network encironments. The ESM procedure will require the coordination of macro cells, micro cells, and pico cells.
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Figure 6.1.1-1. Inter-eNB scenario 1 for energy saving
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Inter-RAT energy saving scenarios and use cases
The basic concept of inter-RAT energy saving management is to switch off certain cells in an overlapping multi-cell scenario at off-peak hours, providing the services to UEs are not degraded. The cells being switched off are called the energy saving cells. The cell being chosen to service UEs in the energy saving interval is called the standby cell.
X.1


Use Cases
X.1.1 

Fully overlapping of macro cells of different RATs  

This use case refers to fully overlapping macro cells of different RATs that are mounted on the same tower as legacy RAT. The macro cells may provide similar, but not identical coverages. This use case consists of two scenarios.
X.1.1.1 

UE capability constraint scenario

This scenario covers that the trigger of ESM function or the selection of energy saving cells and standby cells are determined by the UE capability. Figure X.1.1.1-1 shows 3 overlapping cells that support GSM, UMTS, and LTE, respectively. UEs in the LTE cell are dual mode that can communicate with LTE eNB and GSM NB. UEs in the UMTS cell can communicate with the GSM NB. Therefore, all UEs in UMTS and LTE cells can enter the GSM cell during the energy saving interval. GSM cell is the standby cell, and LTE cell and UMTS cell are the energy saving cells.
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Figure X.1.1.1-1: Fully overlapping of macro cells with UE capability constraint
X.1.1.2 

UE location constraint scenario

This scenario covers that the trigger of ESM function or the selection of energy saving cells and standby cells are determined by the UE location. Figure X.1.1.1-2 shows 3 overlapping cells that support GSM, UMTS, and LTE, respectively. An UE is located at the edge of the UMTS cell #1, and can’t communicate with the GSM cell. Therefore, UMTS cell #1 can not enter the energy saving mode, since it does not meet the service impact requirement.
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Figure X.1.1.1-2: Fully overlapping of macro cells with UE location constraint
X.1.2 

Partially overlapping of macro cells with different RATs

This use case indicates that two macro cells are partially overlapped, and each macro cell may have noncollocated micro / pico cells. The area where macro cell #1 and #2 are overlapped will be treated in the same manner as the use case described in section X.1.1, while the areas that are not overlapped will be treated in the same manner as the use case described in section X.1.3. The UE capability constraint scenario and UE location constraint scenario, as described in section X.1.1, will be used to select the energy saving cells and standby cell.
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Figure X.1.2-1: Partially overlapping of macro cells
X.1.3 

Overlapping of a macro cell and noncollocated micro / pico cells with different RATs

This use case indicates that multiple noncollocated smaller micro / pico cells are overlapping with a macro cell. The macro cell is to provide the basic coverage, while micro cells or pico cells are used to boost the network capacity for coping with the user demand during the peak hours. The UE capability constraint scenario and UE location constraint scenario, as described in section X.1.1, are applicable to this use case, and will be used to select the energy saving cells and standby cell.
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Figure X.1.3-1: Overlapping of macro cell and micro / picro cells
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