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1. Introduction

Work results on Energy Savings achieved up to now are available in TR 36.927 [1]. So far, non-overlapping scenarios have only been broached. One of the goals of Rel.12 Study Item "Energy Saving Study for EUTRAN SI" [2] is to continue the study.
The contribution intends to remind some of the work done previously on the topic, before focusing on potential mechanisms to ensure switching on and off cells that minimise impacts on UEs experience.
2. Discussion
2.1. Non overlapping scenarios
Two cases have been considered for energy savings in non overlapping scenarios, as depicted in Figure 1 extracted from Rel.11 TR 36.927 [1].
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Figure 1: Non overlapping scenarios

Case 1 corresponds to one cell - called Compensation Cell - (cell A) compensating several neighbouring cells – called Energy Saving (ES) cells - when those neighbouring cells are put into dormant state, i.e. stop transmitting. Case 2 corresponds to the cases where several cells extend their coverage when ES cells (e.g. cell A) are turned to dormant mode. Case 2 should be understood as the need to not restrict the study to only one compensation cell among a set of cells. The picture in Figure 1 is perhaps a bit misleading regarding energy saving efficiency of the use case. A more likely scenario could feature 2 compensation cells among the cell set, as illustrated below in Figure 2 as Case 2-bis, where cells G and D compensate the switch off of cells A, B, C, F and E.
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Figure 2: An illustration of case 2

In both cases, compensation generally means modifying radio parameters like antenna tilt and azimuth or transmit powers so as to offer the same coverage. However, in dense co-channel deployments where the coverage of one cell is mainly limited by the interference from neighbouring cells, switching off some cells will limit interference level and de-facto will increase the coverage of neighbours to a certain extent.
2.2. Energy savings procedures
In TR 36.927 [1] classifies the different possible energy saving procedures into O&M-based approach or a signalling-based approach, with the addition of a third category called hybrid, which mix-up specificities from the first two.

However, an energy saving procedure in non-overlapping scenarios can be split into two components:
1) The decision of  switching on or off, i.e. which node or function takes the decision and from which pieces of information the decision is taken
2) The action of switching on or off, i.e. how cells in a neighbourhood behave when one (or several) energy saving cell changes its ES state.
Either step could fall into O&M, signalling or hybrid classes.  
2.2.1. The introduction of clusters

In [3], it was proposed to group the base stations involved in energy saving into clusters, each cluster being coordinated by a cluster coordinator. Energy saving cell and compensation cells role is assigned by O&M within each cluster. We support this approach, especially now that such a cluster notion has been introduced in the small cell framework [4]. The cluster coordinator is a new function, which can be located in a eNB – typically managing a compensation cell, can be part of the O&M or even be located in another node: In a small cell deployment, it could for example be located in a X2-GW. Note that a cluster can include several compensation cells, thus takes into consideration scenarios Case 1 and Case 2 introduced in TR 36.927 [1]. However a cluster will have only one cluster coordination function.
2.2.2. Coordination of the decision
Switching off decision
One critical point of non-overlapping scenario is the necessity to impact UE experience as less as possible. As switching off cells in a cluster impacts cluster's capacity, a check is desirable. Indeed, even if it can be assumed that a cell will be put in dormant mode only when in light load condition, it is necessary to assess whether a compensation cell is able to provide to the UEs still served by the energy saving cell an acceptable QoS level. 
A second critical point is the requirement to avoid coverage holes.  Inside a cluster, a compensation cell could be able to compensate only some of the energy saving cells (C.f. Case 2). In other words, an energy saving cell could require the help of several compensation cells to be able to switch off without creating coverage holes.
Indeed, coordination of a switching off decision is necessary.
At RAN3 #73bis [5] provided some requirements, summarised hereafter:

1.
The decision of entering the dormant mode for ES cells is made in the compensation cells 

2.
The compensation cells inform the ES cells of their availability for compensation 

3.
The ES cell knows its compensation cells 

4.
ES cell enters the ES mode if all its compensation cells are available for compensation 

In RAN3 #75bis, [6] confirmed that the compensation cell is the most suitable node to make the final energy saving decision, even if the initial energy saving request is triggered by energy saving node.
Those requirements would remain valid when replacing compensation cell by cluster coordinator function. An advantage of the cluster coordinator function is to facilitate decisions thanks to a centralised approach, while keeping scalability thanks to the locality of a cluster.
Switching on decision
The problem is different for a switching on decision. Assuming that a cell is compensating coverage for a set of energy saving cells, the scenario looks at this point similar to the overlapping case. Then, switching on decision mechanisms defined for the overlapping scenario should apply.
2.2.3. Coordination of the transition

Even if the decision to switch on or off a cell as been taken wisely, and should at the end not lead to coverage holes and should limit  impact on active UEs, how the energy cells actually switch off and compensation cells compensate matters in both coverage holes risks and QoS level active UEs would experience. 

Typically, before switching off, an energy saving cell will hand-over its active UEs to compensating cells. However, since we are considering non-overlapping scenarios, some of the UEs will not be under the coverage of another cell.

If the energy-saving cell decreases its Tx power too fast, active UEs could experience a RLF, idle UEs could be placed in a coverage hole. If the compensation cell increases its Tx power too fast, the interference spike could lead to the same consequences, RLF and coverage holes.
Interference and coverage issues are also important when switching on an energy saving cell.

Indeed, coordination between compensating cells and energy saving cells is necessary during the transition between active and dormant states of energy saving cells.

We see four possible options to tackle the transition:

1) Timer based: Tx ramping of compensating cells (in one direction) and of ES cells (in the opposite direction) are coordinated thanks to timers [7].
2) ICIC based (non CA): Compensation cells coordinate their resource scheduling with neighbouring ES cells before starting compensation action (coverage increase), ES nodes decreasing their coverage in a second step. UEs served by these ES cells can be handed over after or during compensation action.

3) CA-based ICIC: Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process: a) Energy saving cells hand over users on a carrier different from a carrier f2, b) Compensation cells increase the coverage of carrier f2, c) Energy saving cells hand over UEs to compensation cells, and d) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.
4) Tx Power adaptation: The mechanism relies on the exchange of the Tx powers and some measurements, each cell setting up its new transmit power according to parameters exchanged and on a common power ramp defined by a central function, located for example in the cluster coordinator. UEs served by the ES cells are handed over during the transition while compensation cells take precedence over ES cells. A more detailed description of such a mechanism can be found in [mitsu].

Since option 1) relies on timers, coordination efficiency is questionable, especially when several cells are involved. Moreover, timers value depend on the time needed to hand-over UEs to compensation cell, which is hard to assess. Moreover, as seen above a UE may not be under the coverage of a compensation cell - thus can't be handed over - before compensation action actually starts.
For option 2), ICIC parameters could be based on pre-shared hard-reuse schemes, somehow similar to ABS subframes, although this would lack flexibility. Interference coordination could also be more fine tuned and depends on actual UE needs, at the cost of added signalling load. However interference on control signalling and on pilots can be an issue.
Option 3) requires the availability and the support of at least 2 carriers in a cluster. If transition impacts several compensation cells and several energy saving cells, carrier usage coordination could be an issue.

Option 4) does not rely on resource partitioning, hence avoiding resource wastes, and is scalable. It limits impact on QoS of active UEs as it takes into account radio measurements, however at the cost of extra signalling.  

3. Conclusion
In this contribution, we have reviewed the non-overlapping scenarios defined in TR 36.927, and have proposed some way forwards to feed the discussion in the framework of the Rel.12 SI on energy savings.
We would like 3GPP group to 
1) Confirm that Case 2-bis as illustrated in Figure 2 is the common understanding of Case 2 and that the use case should be part of the study
2) Agree that ES procedures for non-overlapping decision could be split into a decision part and an action part (2.2),
3) Agree on the introduction of the definition of a cluster (2.2.1),
4) Capture the principle of a cluster coordination function, which can be located in a compensation cell, in an O&M server or in another node (2.2.1)
5) Capture ICIC or Tx power adaptation as possible mechanisms for ES transition actions (2.2.3)
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