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1. Introduction
A Study Item on Energy Saving for UMTS was approved at RAN#46 and initial discussions on the objectives and candidate techniques took place at the previous RAN WG1 #59bis meeting.
This paper provides some further thoughts on energy saving scenarios and potential approaches.
2. Scenarios for Energy Saving
During the initial discussion a large variety of possible approaches was mentioned in the different contributions. These approaches were of very different nature in particular with respect to the related energy saving scenario. So we think it could be helpful to further identify the most relevant scenarios for this study. 

Below we provide an initial list of aspects that could be used to characterise the energy saving scenarios:

· Deployment and coverage: 
· UTRAN only, single cell, single carrier coverage
· UTRAN only, single cell, multi-carrier coverage
· UTRAN only, multiple inter-frequency cells with different coverage (e.g. hot spot and overlay network)
· Inter-RAT multiple cell Coverage (e.g. UMTS/GSM or UMTS/LTE)
· NodeB configuration
· Number of sectors and carriers
· MIMO / non-MIMO
· NodeB type: Macro NodeB (Concentrated, Distributed), Home NodeB
· Assumptions on traffic load and type: 
· Traffic load: empty cell, low, medium, high

· Number of active users

· Traffic variation: static, dynamic

· Traffic type: R99, HSDPA/HSUPA
A static load assumption as considered in the first version of [2] may be suitable for an evaluation with R99 traffic. However, this does not capture the ability of the network to dynamically adapt its parameters to the load and achieve energy savings even during short idle periods. In particular for a low number of users per cell, e.g. one high end user, the load variation during short time scales can be quite significant. In a further version of [2], dynamic load situations will be considered as well, so it is worth discussing which assumption should be taken for this study.  
It is suggested to establish a set of characteristics capturing the scenarios of main interest for this study.
3. Further discussion of Energy Saving aspects
3.1 Classification of techniques

During the last RAN1#59bis meeting, several energy saving techniques were discussed in documents [3] ~ [8]:
（1） Improving RF power amplifier efficiency
（2） Aggregating multiple carriers into a single RF transmit chain in Multi-Carrier RF
（3） Extending the operational temperature range
（4） Switch off an empty cell

（5） Reduce the number of carriers in a multi-carrier NodeB
（6） Switch off a second transmit antenna
（7） Controlling BBU components as a function of load
（8） Power savings from overhead reduction (pilot channels, signaling channels)
（9） NodeB DTX 
（10） NodeB DRX
The approaches provided above may be categorised into 3 types according to their standardisation impact
1) Implementation specific approaches

Approaches (1), (2), (3), (7), and (10) are to a large extent implementation specific and have no or very limited specification impact. Component design solutions like (1)-(3) are also not limited to a specific energy saving mode of the NodeB, but could bring gains even for higher loads. Approaches (7) and (10) are mainly related to internal NodeB design and scheduling. 
The energy saving potential of these approaches is quite high and they have the additional advantage that they are fully backward compatible with legacy terminals. However, it is questionable if their gains can be quantified in detail during this study item.
2) Functions related to higher layer (re-)configuration

Approaches (4)-(6) are a mainly related to (re-)configuration of the network or NodeB parameters by higher layers and have limited or no impact on layer 1 specifications.
It should be noted that some energy saving functionality in form of a dormant mode indicator was already introduced in the RAN3 specification [9]. It may be useful to extend this dormant mode indicator to a more generalized concept where this indicator could allow the NodeB to apply energy saving techniques when a certain degradation of the network performance is tolerable.

3) Techniques with impact on physical layer specifications
Examples are techniques (8) and (9). It should be noted that in particular for this group the backward compatibility needs to be carefully assessed.
Looking at the above list of approaches, a large number of them have no or limited impact to the existing Uu interface. However at this stage it may not be necessary to limit the study to this kind of approaches as long as the trade-off between the potential gains and the backwards compatibility is taken into account. UMTS has been widely deployed for many years and quite a number of sites and UEs are operating in the field. Thus, the impact of every solution on legacy equipment needs to be carefully investigated.
3.2 Energy consumption breakdown of a NodeB
As suggested during the email discussion, we provide in Table 1 the qualitative relation of the energy consumption of different NodeB components. The components listed blow are the main parts in an NodeB energy consumption breakdown, containing BBU, REs, power supply, coaxial feed, and other related consumptions. The relation in Table 1 is summarized based on a variety of configurations of macro NodeBs under a low load assumption specified as 10% in [2]. The power consumption of a whole cell site is quite difficult to provide as there is a great diversity of possible configurations and from our point of view, components other than NodeB are not the main topic for this study.
Table 1: Power Consumption breakdown of an UMTS NodeB
	UMTS NodeB power consumption
	Qualitative contribution to 
Total Power Consumption

	Base band Unit (BBU)
	Big

	Multiple Radio Equipments  (REs)
	Big

	Primary DC Power Supply (i.e. rectifiers, battery)
	Medium

	Coaxial feed pressurization/dehydration
	Medium 
(varying with feeder length and diameter)

	Other related consumption(like fan, lighting, alarm, etc.）
	Small


From the Table 1, BBU and REs correspond to the biggest part of the total power consumption and should thus be the main focus of this study. 

However, even if those elements correspond to the main consumption from a qualitative point of view regardless of the NodeB type and configurations, their absolute power consumption is actually very different for the different configurations, e.g. MIMO and non-MIMO, concentrated and distributed NodeB. Therefore, the actual NodeB configuration still plays an important role for finding suitable energy saving solutions and is an important aspect in the definitions of the scenarios as outlined above.
3.3 Targets and Metrics

Statistics show that NodeBs consume the biggest part of the energy required for network operation, thus the possibility of lowering NodeBs energy consumption and achieving high power efficiency is an important area. Therefore, we would propose not to set a single target for this study. We rather think that specific solutions could be considered according to the scenarios mentioned above, each of which should be evaluated with respect its own energy saving merits and trade-offs. 
In the ETSI specification for base station energy efficiency measurement definitions and methods [2], three types of load (high, medium and low) are defined with respect to traffic. According to this model, different energy saving solutions could apply to each load level and the evaluation of the energy saving gain should take this into account. 
As mentioned above, the impact on network performance, specification, backward compatibility, and complexity should also be considered and weighted against the achievable gain.

In Table 2, we tried to give an example of the different aspects that could be taken into account when evaluating specific energy saving approaches:
Table 2: Evaluation criteria for energy saving solutions in UMTS networks
	
	Metric

	Energy Saving Gain
	Reduction in NodeB Power consumption as specified in [2]

	Impacts
	 Performance impact (latency, throughput, etc)

	
	Impacts to legacy UEs

	
	Impacts to the network

	Complexity
	Impacts to specification

	
	Need for control signalling


4. Conclusion
In this document we share some considerations on scenarios for energy saving and discuss the categorisation and evaluation of potential approaches.

For the further discussions of energy saving approaches we propose to

· Establish a set of characteristics capturing the scenarios of main interest for this study, based on the list in section 2.
· Take into account techniques with impact on the Uu interface while carefully assessing their backward compatibility.
· Avoid setting an overall target for energy saving but consider the own merits and trade-offs of each approach.
· Establish a list of metrics and evaluation criteria, such as those proposed in Table 2.   
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