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1   Introduction
In this document we summarize the proposed ES enhancement solutions for intra-LTE inter-eNB overlapping scenario.
2   Description of scenario
The proposed solutions are based on the inter-eNB scenario 1 in TR36.927 [8], showed in the figure 1. 
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Figure 1: Inter-eNB scenario for energy saving
The scope of the study related to overlapping coverage scenario includes:
· Initial evaluation of a possible inter-eNB energy saving enhancement for overlapping scenario, e.g. switching on enhancement, considering UEs QoS requirement or subscriber type, etc.
· Potential solutions to guarantee end user’s experience in energy saving.
· Potential solution for intra-LTE inter-eNB switching on enhancement e.g. by selecting adequate nodes to be switched on.
2.1   Proposed Solutions to guarantee UE’s QoS experience 
2.1.1 Switch on enhancement
Solution 1: 

Before cell activation procedure is initiated, coverage cell should also take into account the QoS requirements of all the UEs which could be impacted by this decision. Deactivated cells should be activated only if they provide potential to offload traffic and free radio resources from the coverage cell in order to satisfy the QoS requirements.
Determining the proximity of UEs with deactivated eNBs could be done using existing solution. 
Solution 2:

When taking switch-on decisions (to switch on a neighbor cell), the eNB takes into account the QoS requirement, subscriber type, etc. for currently served UEs. The eNB may for example treat different subscriber types differently by using different thresholds.
2.1.2 Switch off enhancement
If a cell is switch off, neighbor cells may have more serving UEs than they used to. Sometimes, this may possibly lead to congestion in the neighbor cells and can not guarantee the UE’s Qos experience. Regarding this, basically two approaches may be taken into account:
· Proactive approach; and

· Reactive approach.
Proactive approach
Solution 1 
When taking switch-off decisions, the eNB takes into account the QoS requirement, subscriber type etc. for currently served UEs. The eNB may for example treat different subscriber types differently by using different thresholds.

Solution 2

The source eNB assesses whether the target eNB can provide the required level of QoS for the user before the handover. If the conclusion is positive, the source eNB initiates the handover and then proceeds to enter the energy saving state.

In order to make this assessment the source eNB needs to know certain information about the UE QoS requirements, the target cell load and the radio conditions between the UE and the target cell. 

Solution 3
The target eNB decides whether it can answer the user QoS requirements after receiving the handover request during the admission control decision. If the conclusion is positive, the target eNB accepts the handover, otherwise it rejects the handover.

For the target eNB to be able to assess whether it can satisfy the user QoS requirements it needs to receive certain information from the source eNB, specifically it needs to know the user QoS requirements and potentially CSI measurement results. 
Reactive approach:
After the energy saving cell is switch off, it may provoke neighboring cells’ overload and, as a result, impacts QoS of UEs in those cells. It can be viewed as an example of the user plane congested situation. To mitigate the QoS impacts, the solutions provided by UPCON WI [7] could be re-used.
2.2   Proposed Solutions not related UE’s Qos experience 
2.2.1 Switch on enhancement

Solution 1:
In Rel-11, inter-RAT energy saving scenario has been discussed intensively, and as a result the probing scheme has been introduced to facilitate the activation of dormant cells. Although the similar scheme is mentioned for intra-LTE energy saving, the conclusion has not been achieved. Such scheme can be a good starting point in the Rel-12 study. 

Solution 2:

Coverage cell indicate how many resources need to be shared by the hotspot cell, the hotspot cell can decide whether to use the intra-eNB energy saving, e.g. how many MBSFN subframes are configured. If the resource to be shared is lower than well-defined threshold, the hotspot cell enter the intra-eNB energy saving state, otherwise the hotspot cell enter normal state. 

The enhancement is based on the alternatives that the macro cell knows how many resources will be serviced by the hotspot cell. Alternatives could be by using available mechanisms, or RAN1 on-going work where the dormant cell broadcasts reduced DL signaling, the macro UE measures the dormant cell signalling and reports to the coverage cell. Then the coverage cell can calculate how many resources will be shared by the hotspot cell.                      
3   Proposals
This document summarizes the proposed solutions of the enhancement for inter-eNB overlapping scenario. It is proposed to be a starting point for the further discussion.
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