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1 Introduction
The work on a new carrier for LTE was postponed from Rel-11 to Rel-12 and a work item for a new carrier type in Rel-12 was approved in RAN #57 [1]. The WI was updated at RAN#58 [2]. Work was split into two phases. In the first phase, a new carrier aggregated with a legacy LTE carrier is to be specified and the scenarios and achievable benefits of standalone operations are to be identified. In the second phase, enhancements to the new carrier type are to be specified including stand-alone operation (if justified in first phase) and optimizations for small cells taking into consideration input from the small cell study item.
In this contribution, we investigate requirements on new carrier type operations for the purpose of providing a long term energy efficient evolution path for the LTE system.

2 Discussion
Power efficiency in the infrastructure is an essential part of further evolution of LTE for reducing CO2 emissions and OPEX of operating LTE networks. An operator with nationwide coverage deploys LTE services in both urban and rural areas. Based on the survey of the European region by the EARTH project
 [4], a typical distribution of areas is 3% urban, 4% suburban, 35% rural and 57% wilderness. A baseline macro coverage layer using 10MHz of sub-GHz spectrum can be modelled by assuming 500m inter-site distance for urban area and 1732m inter-site distance for suburban and rural areas (no coverage is attempted for wilderness areas) [5]. Using the base station power model provided in the 3GPP contribution [6], the power consumption distribution of different covered areas can be found in Figure 1 (a).

To cope with increasing user demand of data traffic, network densification with heterogeneous nodes has been studied in 3GPP. From the baseline coverage model, we consider a hypothetical densification scenario that adds a capacity layer to exemplify how it would impact energy consumption in the network:

· Dense urban area: 95% of macro sites get additional (20 MHz) LTE spectrum. In addition, 15 new picos (1W) and 100 femtos (0.1W) are added to each macro site.

· Urban area: 95% of macro sites get additional LTE spectrum and 10 new picos are added to each macro site.

· Suburban area: 15% of macro sites get additional LTE spectrum and 5 new picos are added to each macro site.

· Rural area: no densification.

The power consumption mix of this densified network with the coverage layer and the newly added capacity layer can be found in Figure 1 (b). We can observe that macro base stations still dominate the total power consumption of an operator’s entire LTE network even with aggressive densification. 

For areas with clear large time-scale variation of traffic loads (e.g., office areas), energy consumption saving can be pursued by turning off the capacity layer nodes when it is not needed for an extended period of time. However, such a long-term deactivation strategy is not applicable to the coverage layer nodes. Furthermore, as shown in Figure 1 (b), the power consumption of the coverage layer is still a dominant factor of the operator’s entire LTE network even with aggressive densification.

Observation 1: Macro base stations and the coverage layer nodes still dominate the total power consumption of an operator’s entire LTE network even with aggressive densification.
Observation 2: Long-term node deactivation strategy for energy saving is not applicable to the coverage layer.
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(a) Baseline LTE coverage layer
(b) Hypothetical densified LTE network
Figure 1: Power consumption mix of an operator’s entire LTE network based on base station power model provided in 3GPP contribution [6].

In order to evaluate the potential benefits of the new carrier type in terms of energy savings, a model that quantifies energy efficiency is proposed in R1-114336 [6]. The power model, as illustrated in Figure 2, relates the RF output power to the total power consumed by the base station. It models power consumption of all components in a base station; power amplifier, small signal transceiver, baseband processor, cooling, DC-DC and main supply. The base station power consumption scales from A at full RF output approximately linearly down to B at zero RF output. At zero load, the hardware can enter a low power micro sleep mode to reduce the power consumption to C. In the following evaluation, we assume a conservative switching time of 35 μs between the zero output active mode and micro sleep mode. Figure 2 includes a macro and pico power model for current technology based on R1-114336 and models for future technologies that are based on findings from the EARTH project [5] and [7].
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	Base Station
Models
	Power consumption value [W]

	
	A
	B
	C

	R1-114336 Macro
	450
	260
	150

	R1-114336 Pico
	136
	103
	69

	Future Macro based on EARTH improvements 
	225
	85
	34

	Future Pico based on EARTH improvements 
	91
	69
	23


Figure 2: Load dependent power consumption model for typical state of the art [6] and future technology LTE eNBs based on EARTH improvements [5], [7]. The RF output powers of the macro and pico are 40W and 1W, respectively.

In Figure 3, we show the power consumption of a densified urban heterogeneous network with four picos per macro using the Rel-11 or the new carrier types. Based on state of the art LTE hardware, we can see that the new carrier type provides around 17% energy saving relative to the legacy carrier type. It’s further noted that the energy saving gains persist even with higher traffic loads. At system capacity, the new carrier type still provides 10% energy saving relative to the legacy carrier type. 

If the new carrier type is deployed with more efficient hardware in the future (e.g. based on EARTH improvements), the energy saving gains of the new carrier type improve even more as also shown in Figure 3. When compared to the legacy carrier type, the new carrier type provides additional 33% energy saving at low load and 18% energy saving at system capacity. 

To further explore on the energy saving potential of the new carrier type, we evaluate all possible future hardware improvements by varying the ratio of B/A (proxy of transmission efficiency) and the ratio of C/B (proxy of sleep mode efficiency). We plot the additional energy saving of the new carrier type compared to Rel-11 carrier with maximum MBSFN subframe configuration at low load in Figure 4. We observe that, the additional energy saving benefits of the new carrier type increase with either types of hardware efficiency improvements and can reach as high as 70% additional saving.

Observation 3: New carrier type provides substantial energy saving at all traffic loads of the network.

Observation 4: Energy saving gains of the new carrier type relative to the legacy carrier type increase with efficiency of the hardware and can potentially be up to 70% additional saving.
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Figure 3: Energy consumption saving of new carrier type for an urban heterogeneous network.
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Figure 4: Additional energy saving of NCT over Rel-11 with maximum MBSFN subframe configuration for different combinations of transmission efficiency and sleep efficiency improvements.

In Table 1, we summarize the findings in this section. For an extended period of low average traffic load in a service area, energy savings can be achieved with a combination of solutions: the nodes in the capacity layer can be turned off and energy consumption reduction of the coverage layer can be provided by the new carrier type. Since the coverage layer provides services to both CONNECTED and IDLE state UEs, the new carrier type needs to be capable of standalone operations in order to be deployed in the coverage layer. For an extended period of high average traffic load in a service area, energy savings can be achieved by deploying the new carrier type in all nodes. Standalone mode new carrier type will be needed for both layers to achieve these savings at higher load. The capacity layer may optionally operate a combination of standalone and carrier aggregation modes for certain scenarios.

Conclusion: Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure.

Table 1 LTE infrastructure energy efficiency solutions.

	
	Extended period of 
low average traffic load
	Extended period of 
high average traffic load

	Capacity layer
(macro + LPN nodes)
	Node deactivation
	Standalone (and CA) NCT

	Coverage layer
(macro nodes)
	Standalone NCT
	Standalone NCT


3 Conclusions

Power efficiency in the infrastructure is an essential part of further evolution of LTE for reducing CO2 emissions and OPEX of LTE networks. We reach the following observations and conclusions from the investigation on energy efficient LTE network operation.

Observation 1: Macro base stations and the coverage layer nodes still dominate total power consumption of an operator’s entire LTE network even with aggressive densification.
Observation 2: Long-term node deactivation strategy for energy saving is not applicable to the coverage layer.
Observation 3: New carrier type provides substantial energy saving at all traffic loads of the network.

Observation 4: Energy saving gains of the new carrier type relative to the legacy carrier type increase with the efficiency of the hardware and can potentially be up to 70% additional saving.
Conclusion: Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure.
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� The EARTH project � REF _Ref352319807 \r \h ��[3]� was a concerted effort to enhance the energy efficiency of LTE, and as part of its objectives, a holistic framework is developed to quantify the energy efficiency for the operation of a radio access network.
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