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1 Introduction
RAN3#70 agreed to introduce a compensation scenario for energy saving named inter-eNB energy saving Scenario 2 in TR 36.927 [1]. The scenario was earlier captured by SA5 in TR 38.826 [2].  The RAN3 meeting minutes capture a need for further investigation to identify the solution and establish its feasibility. This paper intends to give some analysis on this scenario especially compared with existing Scenario 1, and propose some potential solutions.

2 Discussion and proposals
As shown in Figure 1, when some energy-saving capable nodes are switched off in the case of low traffic load, the compensation node enhances its coverage to the whole area ensuring radio coverage. Compared with the hierarchical scenario 1 which is being discussed during last meetings, Scenario 2 does have some distinct features and differences. The following gives the detailed analysis from several aspects. In addition to these, the solutions used for Scenario 1 in [1] could be also used for Scenario 2. 
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Figure 1 Inter-eNB energy-saving for Scenario 2
2.1  Compensation node determination
Compared with Scenario 1, Scenario 2 has to determine which node is elected as the compensation node and how the basic coverage is ensured when some energy-saving capable nodes are switched off. As for Scenario 1, the answer is obvious since the coverage cell ensures the basic coverage and is identified by hot-spot cells. Below several solutions can be employed for the determination of compensation node for Scenario 2.
Solution 1: Compensation node determination via OAM configuration
In this solution some eNBs are preconfigured as potential compensation nodes by OAM.  The other eNBs are regarded as energy-saving capable nodes and are aware of its surrounding compensation nodes. When an energy saving capable node decides to switch off if some conditions are met, it can send a compensation request to its corresponding compensation node. The final acceptance to enter dormant mode is given by the compensation node according to its own load situation and the reported load in the requesting node. 
Solution 2: Compensation node determination via eNB coordination
In this method, the node is not aware in advance which its neighbour node is its potential compensation node. When the node determines to switch off if some conditions are met, it shall send a compensation request to a node based on its proprietary information, such as UE measurements, interference status, load information of neighbour nodes etc. In addition to the load information, the coverage related information is also included into this request message. When the receiving node determines that it both can accommodate the load and provide the coverage of the requesting node, it can send back positive acknowledge message. 
Some issues could make this solution not feasible or would need further study: 

· How could the node provide information about its coverage?

· How to handle the situation where several nodes accept the compensation request?

· Such solution could potentially create an infinite number of combinations of energy saving nodes and compensation nodes in the network.
· An issue linked to reference signal interference is described below.

2.2  Reference signal interference
In LTE, a cell-specific frequency shift is applied by cell ID modulo 6 operation for Cell-specific Reference Signal (CRS) aiming to avoid mutual CRS interferences up to six adjacent cells. In Scenario 2, if the compensation node determines to enhance itself to provide the coverage left by switched-off cells, the neighbour cell status is much changed. Hence the CRS might be possibly transmitted on the same resource elements with its new neighbour cell and interfered with each other.. Therefore, when the compensation node enhances its coverage, the CRS interference should be avoided as much as possible. 
Solution 1 based on OAM configuration mentioned above can well avoid this CRS interference by precise association configuration between compensation node and energy saving capable nodes. For example, only the compensation node which has no CRS interference with neighbours of its energy saving capable nodes is associated with these capable nodes.
As for the solution 2 based on eNB cooperation, some additional computation is needed among the compensation node and other nodes. For example, when compensation node receives the compensation request, it also needs to calculate the CRS position of the surrounding cells of the requesting node. Only when no CRS interference is found, the cell switch request is positively acknowledged to the requesting node.
Another alternative could be that when the compensation node detects the CRS interference from its neighbour cells, e.g. via report by UEs, or report by neighbour eNBs, it shall select a new PCI value from the list of PCI values signalled by OAM and regenerate CRS. However, in order to avoid unnecessary complexity, we would prefer that energy saving scenarios don't trigger PCI change.
3 Conclusions

This contribution discusses some problems of scenario 2 compared with scenario 1, and presents some potential solutions and associated issues. We have identified a certain number of issues linked to solution 2 "Compensation node determination via eNB coordination ", which  therefore requires further study or should be avoided for feasibility reasons.

A text proposal to TR 36.927 is included below. 
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6.2
Study on inter-eNB scenario 2

6.2.2 Issues and potential solutions
6.2.2.1
Compensation node determination
Issue description

When a node decides to switch off if some condition is met, it has to determine which node is its potential compensation node. Furthermore, during this process, it has to be ensured that the full coverage is provided. 
Solution 1: Compensation node determination via OAM configuration

In this solution some eNBs are preconfigured as potential compensation nodes by OAM.  The other eNBs are regarded as energy-saving capable nodes and are aware of its surrounding compensation nodes. When an energy saving capable node decides to switch off if some conditions are met, it can send a compensation request to its corresponding compensation node. The final acceptance to enter dormant mode is given by the compensation node according to its own load situation and the reported load in the requesting node. 
Solution 2: Compensation node determination via eNB coordination
In this method, the node is not aware in advance which its neighbour node is its potential compensation node. When the node determines to switch off if some conditions are met, it shall send a compensation request to a node based on its proprietary information, such as UE measurements, interference status, load information of neighbour nodes etc. In addition to the load information, the coverage related information is also included into this request message. When the receiving node determines that it both can accommodate the load and provide the coverage of the requesting node, it can send back positive acknowledge message. 
Some issues could make this solution not feasible or would need further study: 

· How could the node provide information about its coverage?

· How to handle the situation where several nodes accept the compensation request?

· Such solution could potentially create an infinite number of combinations of energy saving nodes and compensation nodes in the network.

· An issue linked to reference signal interference is described below.

6.2.2.2
CRS interference
Issue description

In LTE, a cell-specific frequency shift is applied by cell ID module 6 operation for cell-specific reference signal (CRS) aiming to avoid mutual CRS interferences up to six adjacent cells. In Scenario 2, if the compensation node determines to enhance itself to provide the coverage left by switched-off cells, the neighbour cell status is much changed. Hence the CRS might be possibly transmitted on the same resource elements with its new neighbour cell and interfered with each other.. Therefore, when the compensation node enhances its coverage, the CRS interference should be avoided as much as possible. 

Solution 1:
Solution 1 based on OAM configuration mentioned above can well avoid this CRS interference by precise association configuration between compensation node and energy saving capable nodes. For example, only the compensation node which has no CRS interference with neighbours of its energy saving capable nodes is associated with these capable nodes. 

Solution 2:
As for the solution 2 based on eNB cooperation, some additional computation is needed among the compensation node and other nodes. For example, when compensation node receives the compensation request, it also needs to calculate the CRS position of the surrounding cells of the requesting node. Only when no CRS interference is found, the cell compensation request is positively acknowledged to the requesting node.
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