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1
Introduction
In this paper a reference model to be used for the reference scenario when evaluating the solutions. A brief description of the energy saving enablers from the EARTH project with an indication of the gain they provide. The energy enablers are also evaluated towards the requirements in the study item.
2
Discussion
When evaluating the benefits of the energy saving solutions a reference model is needed in addition to the baseline solution showing what improvements are possible today without any changes to the standard.
2.1 Reference model   
The following papers have been submitted [1-2] where the model in [4] is used to show benefit of the proposed solution. Further, the document [3] references [1] hence indirectly references [4] because the results are used in the argumentation. According to [5] the typical behaviour of the reference model is:

“For this power models of state-of-the-art equipment have been defined, both for the year 2010 and the year 2012. These can be found in [10]. The typical behavior of this state-of-the art equipment is that it is efficient at high loads, while the energy efficiency at medium, low, and no load can be improved.”
(Note: Reference [10] in the quoted text corresponds to reference [5] in this document)
Proposal 1: Add to the TR that the reference model has the typical behaviour that it is efficient at high loads, while the energy efficiency at medium, low and no load can be improved.
2.2 Energy saving enablers
This section provides a short description of the energy saving enablers in [5] and an estimate of the energy saving gains they provide.

Improved cell hardware: Power amplifiers based on operating point adaptation and on deactivation of amplifier stages. An adaptive power supply unit enables the adaptation and deactivation of the transceiver components and the PA. The Small Signal RF transceiver allows the deactivation of some of its components during time periods of no signal transmission. Finally, the digital transceiver provides the signal conditioning features and the control signals to the transceiver components for their adaptation and deactivation.

Antenna muting: Antenna port 1-3 are muted or all signals are added and transmitted by one physical antenna or signals on antenna ports 0 and 1 are added and transmitted by one physical antenna. The activation and de-activation of antennas operate virtually on a packet-by-packet basis or in the order of a few tens of milliseconds.
Micro DTX: When no user data is transmitted the radio is put into DTX (micro sleep) between transmissions of cell specific reference symbols.
Low loss antennas: Dielectric losses are a important fraction of a microstrip printed antenna losses. Foam is a dielectric material that provides a good compromise between electromagnetic and mechanical requirements. The use of foam saves energy and decrease cost.   

Adaptive sectorisation: Switching between omni and sector modes. In case of low utilization and lack of interference, the sector antennas can be connected to a single transceiver while the power split among antennas does not cause noticeable service degradation to low activity users.
In the study item an agreed common framework for evaluating the enablers is not agreed. The simulation results provided in [5] shows the following gain for the particular scenario which indicates what energy saving gains could be achieved on a network level. 
· Improved cell hardware: 44% 
· Antenna muting: 24%
· Micro DTX: 15%
· Low Loss antennas: 1%
· Adaptive sectorisation: 31%
In the integrated solution using both the Improved cell hardware and Micro DTX the energy saved is 57% without impact on QoS. If accepting the decrease in downlink (-2% mean data rate) when using antenna muting techniques the simulation results are 68% energy saving. Even though the simulation model used has not been agreed by RAN3 we still think that in the discussions we could be restrictive and claim that energy saving in the order of 50% without QoS impact and 60% with small QoS impact is possible for the baseline solution.
2.3 Requirements and EARTH energy saving enablers
The enablers in the EARTH project do not require any additional standardization and are therefore suitable for a baseline solution. Below is a list of the requirements for the solutions in this study. Figure 1 contains a matrix showing our view on how the EARTH solutions maps on these requirements [6]. 
F1: Aligned to previous agreements in 3GPP (architecture, principles, …)

F2: Any possible negative impact on other functionality (e.g. OTDOA, PWS, MRO, …) resolved
F3: Solutions shall be backwards compatible
A1: User accessibility should be guaranteed when a cell transfers to energy saving mode
A2: Solutions shall enable ES gain also for deployments with legacy UEs.
A3: Solutions shall not impact the Uu physical layer

A4: The solutions should not impact negatively the UE power consumption
A5: Avoid coverage compensation if it is not necessary.
A6: Interference levels shall be approximately equal or lower when the network enters energy saving mode.
A7: UE QoS experience should be taken into consideration when developing energy saving solutions.
Requirements A5, A6 and A7 are applicable to LTE Coverage Layer Solutions only
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Figure 1: The figure shows a matrix of which solutions energy saving improvements in [5] and the requirements in this study item. Green indicates that the requirement seems to be fulfilled, orange that it if FFS and red that the requirement is not fulfilled.
Note 1: According to [5] the antenna muting impacts the mean data rate in the downlink negatively (-2%) while there is no negative impact on uplink. 
Note 2: When the omni cell is changed to sectors the interference level will change and our understanding is that it cannot, at this stage, be claimed that there are no cases where there are areas where a UE could be able to access the network in the omni-state but not in the capacity state. 
There are also other means to save energy which could be added such as using MBSFN subframes and bandwidth adaptation. Our understanding is that these can also be added to an integrated solution on top of a solution supporting the energy saving mechanisms in EARTH. 
2.4 Proposed integrated solutions
According to Figure 1 the improved cell hardware, antenna muting, micro DTX and low loss antennas fulfil the requirements of the study item. Our proposal is that these are energy saving enablers that should be used in the integrated baseline solution when appropriate. Other energy saving enablers which requires no further standardisation (e.g. using MBSFN subframes) could also be used. Energy saving enablers proposed within the study item, which requires additional standardisation, can of course be added on top of the baseline solutions when applicable.
Proposal 2: Add a description of the energy saving enablers provided by the EARTH project and how they compare to the requirements.
3
Summary and Proposal
We kindly ask RAN3 to add the energy saving enablers to:

Proposal 1: Add to the TR that the reference model has the typical behaviour that it is efficient at high loads, while the energy efficiency at medium, low and no load can be improved.

Proposal 2: Add a description of the energy saving enablers provided by the EARTH project and how they compare to the requirements.
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