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1. Introduction
An energy savings SON use case has been included in [1] with description of objectives partly based on [2]. This contribution revisits the latter contribution by highlighting additional issues and potential solutions to be investigated in order to set a wider framework for investigations related to energy savings.
Sufficient coverage and service to the users is of utmost importance to the network operators. Therefore these goals set the framework for evaluating possibilities of energy savings and the related issues, as well as the pain vs. gain needs to be evaluated carefully. 
2. Issues in Switching Off Cells Completely
Unlike the scenario discussed in [2] a typical deployment does not necessarily consist of umbrella cells providing almost full coverage plus capacity cells. Even if new nodes are inserted due to capacity reasons in a previously covered area, the cell configuration (such as transmit power, antenna orientation and tilt, etc.) of the surrounding cells might be adjusted in order to optimize the interference conditions. Also further factors, e.g. seasonal effects, or changes in topology prevent to have such a completely static view of coverage. Therefore the problem of creating coverage holes due to completely switching off cells must be considered carefully.

The "hole detection signal" or "wake-up signal" as proposed in [2] is unable to differentiate between accepted / intended "coverage holes", e.g. at country borders or in cellars, and unintended coverage holes, where countermeasures need to be taken. Therefore unnecessary negative impact on UE standby time cannot be ruled out. Also it is unspecific, i.e. in case several cells are switched off one cannot deduce clearly which cell needs to be re-activated based on the received signal in the surrounding base station.

Furthermore, the use of a "hole detection signal" or "wake-up signal" is an a-posteriori means that is only used, when a coverage hole has already been generated and user satisfaction has already suffered. It is therefore proposed also to investigate the possibilities to predict potential coverage holes due to switching off a cell, or parts thereof, prior to the actual deactivation.

The problem of coverage hole detection is therefore an enabler for coverage optimization and also for energy savings and should be investigated in conjunctions with these topics.
3. Alternative Energy Saving Options

Completely switching off cells is only one particular means to achieve the objective of energy savings. Related to eNB power saving, a certain amount of the consumed energy naturally scales with load (i.e. the number of transmitted PRBs), whereas another part can be saved by switching off the RF part of the transmitter. Therefore further energy saving options exists, such as Tx power related optimizations, or switching off only a part of the Tx antennas (in the case of multi-antenna transmission.
A brief description of the basic idea of these alternatives to be investigated is given below
Tx Power Optimization
If the transmit power (per PRB) is too high for a particular deployment scenario it can be reduced without loss in system performance. Furthermore the optimal transmit power might change over time (e.g. due to seasonal reasons like foliage, precipitation or due to topological changes in the environment). An automated sensing of the cell status which is able to distinguish between noise and interference limitation and triggers a coordinated power adaptation between cells and sites would be an energy saving option with less impact on the network compared to switching off complete cells. 
Although the instantaneous energy saving is less than for switching off a Tx, this saving is obtained for 24 hours a day, whereas switching off is only possible during times with low load.

Input data for Tx power optimization include UE measurements, such as RSRP and RSSI. Both during measurements and Tx power adaptation coordination between adjacent cells is necessary in order to minimize impact on coverage area, handover, and load distribution, i.e. handover and load measures should also be tracked.
It is in general advisable to perform a joint optimization of Tx power, MIMO configuration, and antenna tilting.

Switching off s part of the Tx of a Cell

In cases more than one Tx antenna is used in a cell, some or all of the additional Tx antennas could be switched off and the multi-antenna transmission scheme be adapted accordingly. Even in case the Tx power of the remaining antenna(s) needs to be increased, an overall energy saving will be achieved because power consumption does not scale linearly with output power for practical transmitters.

As shown above, several options to obtain eNB power savings exists each having individual energy saving potential, complexity, impact on standardization, as well as on network operation and stability. In order to allow a scalable approach with respect to energy savings and impact on network, all options need to be investigated within the energy saving use case.
4. Conclusion and Proposal

It is proposed to add the above-mentioned alterative energy saving options to the scope of the energy saving use case and agree on the text proposal for Section 4.2 of TR 36.902 as in Section 5 below.
5. Text Proposal

----------------------------------- Begin Excerpt from TR 36.902 V0.0.1 -------------------------------------
4.2
Energy Savings 

A typical critical cost for the operator is the energy expenses. Cuts on energy expenses could be realized if the capacity offered by the network would match the needed traffic demand at any point of time as close as possible.

4.2.1
Use Case description

Objective: 

· Energy savings based on e.g. cell switch on/off, switching off individual Tx paths, adaptation of multi-antenna scheme, Tx power, and antenna orientation and tilt
Expected outcome: 

· Cuts on operational expenses through energy savings.

4.2.2
Solution Description

4.2.2.1
Input data, definition of Measurements or Performance data
The following input data and measurements are considered relevant for energy saving:
· UE measurements, such as RSRP and RSSI of own and adjacent cells
· load measurements of own and adjacent cells 

· handover and radio link failure statistics should be monitored while using energy saving measures
4.2.2.2
Output, influenced entities and parameter
The following actions can be triggered and the following parameters can be adapted in order to save energy:

· switching off cells

· switching off individual Tx paths

· adaptation of multi-antenna scheme (single-antenna Tx, Tx Div, MIMO, beamforming, etc.)

· adapted Tx power settings

· adapted antenna orientation and tilt

· adapting neighbor relationships in case of switching off complete cells
4.2.2.3
Impacted specifications, procedure interactions and interfaces

----------------------------------- End Excerpt from TR 36.902 V0.0.1 -------------------------------------
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