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1 Introduction
RAN#46 initiated a study item on solutions for energy-saving within UTRA Node B [1].

The study item has the following justification:
Due to the need to reduce energy consumption within operators’ networks, and considering the large amount of UMTS network equipment deployed in the field around the world, the standardisation of methods to save energy in UMTS Node Bs is seen as an important area of study for 3GPP.

There has not been a large amount of focus on energy-saving in UMTS networks so far in 3GPP, although some solutions have been agreed in Release 9. Therefore it is proposed to start an initial study phase to identify solutions and perform any initial evaluation, such that a subset of these proposals can be used as the basis for further investigation of their feasibility. 

The study item has the following objective:
The objective is to do an initial study to identify potential solutions to enable energy saving within UMTS Node-Bs, and do light initial evaluation of the proposed solutions, with the aim that a subset of them can be taken forward for further investigation as part of a more focused study in 3GPP. 

The solutions identified in this study item should consider the following aspects:

· Impacts on the time for legacy and new UEs to gain access to service from the Node B

· Impacts on legacy and new terminals (e.g. power consumption, mobility)

Some initial indication of these aspects in relation to the proposed solutions should be provided.

Solutions that are backwards-compatible or non-backwards compatible towards legacy UEs are within the scope of this initial study.
This contribution discusses some initial considerations on energy saving for UTRA Node B 
.
2 Background

Low UE energy consumption has been of prime interest ever since the emergence of handheld mobile terminals more than 15 years ago. As a consequence, energy-efficient UE discontinuous transmission (DTX) and reception (DRX) have been important components of cellular systems for many years and are parts of both the WCDMA/HSPA (UTRA) and LTE (E-UTRA) radio-access technologies.

However, in parallel to the requirement for low UE energy consumption, the possibility for low network energy consumption is also becoming more important as a response to the increasing general awareness of CO2 emissions and global warming in society. Another reason is the fact that for many operators the cost of the energy needed to operate the system constitutes a non-negligible part of the overall operating expense. Today, mobile broadband is growing rapidly in developing countries where electricity-grid connections are often expensive, unreliable, and have long installation lead times. As a result the number of off-grid base station sites, mostly powered by diesel generators, is currently growing, leading to increasing costs for operators active in emerging markets.

In the context of network energy consumption, the by far most dominating part is the total energy consumption of the base station nodes. This energy consumption, in turn, consists of different parts including

· Energy consumption due to base station baseband processing, mainly at the receiver side.

· Energy consumption of the base station RF parts, mainly the transmitter power amplifier (PA).

· Energy consumption of other parts such as active cooling, control applications and network protocol termination.
From a standardization point of view, two approaches are of main interest:

· Discontinuous transmission (DTX) at Node B: To allow for reduced PA power consumption, one may want to strive for a low on-time, i.e. the time during which downlink transmission takes place. Ideally, the PA should be switched off if there is no UE that needs to receive its signal.
· Discontinuous reception (DRX) at Node B: If the need to receive signals from UEs can be reduced, and if this can be translated into a reduced need for baseband processing in the base station, then this should be possible to exploit to reduce power consumption.
The potential energy savings from DTX are likely to be substantially larger than the potential energy savings from DRX. Hence the focus of ought to be on DTX rather than DRX.
3 Discussion
3.1 Semi-static DTX at Node B
Discontinuous transmission can act on different time scales, i.e. the transmission can be disabled frequently or less frequently.
If the transmission is only switched on and off relatively infrequently, for example when the average load is low, e.g. during night time, then this switching could be controlled semi-statically by the RNC. It should be noted that it is not uncommon that the momentary load is only a very small fraction of the maximum capacity during a large part of the time in a large portion of the cells in a typical cellular network. Before disabling a cell, the RNC should be able to move any UEs (even legacy UEs) that happen to reside in that cell to another cell through ordinary RRC signaling.
A dormant mode indicator with the definition shown below has recently been introduced in the NBAP protocol [3]. The RNC can use the dormant mode indicator to disable and re-enable a cell (i.e. to enter and leave dormant mode, respectively) without having to re-send all the NBAP configuration information to the Node B. This will help to decrease network signaling and eliminate unnecessary setup delays.
9.2.1.x
Dormant Mode Indicator
The Dormant Mode Indicator IE controls the dormant mode for the cell. In dormant mode there is no power transmitted in the cell, but  the cell remains existing in the NodeB. When Dormant Mode Indicator IE = "Enter Dormant Mode" the NodeB is requested to reconfigure the cell to dormant mode. When Dormant Mode Indicator IE = "Leave Dormant Mode" the NodeB is requested to take the cell into normal service.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Dormant Mode Indicator
	
	
	ENUMERATED (Enter Dormant Mode, Leave Dormant Mode, ...)
	


3.2 Dynamic DTX at Node B

Another approach is to allow the base station to shut off its transmitter more frequently, perhaps several times per second or even more often, during the brief periods of temporary packet data inactivity during ongoing sessions – this type of micro-sleep would most probably have to be controlled dynamically by the base station. Micro-sleep can thus potentially give significant energy savings, but unless existing mechanisms and signaling can be used to ensure that the UE can handle the discontinuous character of the transmissions, this approach will not be backwards compatible.
According to the study item description, both solutions that are backwards compatible and solutions that are non-backwards compatible towards legacy UEs are within the scope of the study. Clearly the benefits of any non-backwards compatible changes would have to be weighed against the impact on the performance of legacy UEs and the overall implementation efforts. It may be worthwhile to explore whether e.g. any of the following already specified features can be exploited to achieve the desired discontinuous downlink transmission for a particular carrier, cell or antenna:
· IPDL gaps (specified in Rel-99)

· UE DRX gaps in URA/CELL_PCH (specified in Rel-99)

· UE DRX gaps in CELL_DCH (specified in Rel-7)

· UE DRX gaps in CELL_FACH (specified in Rel-8)

· Secondary downlink carrier deactivation orders (specified in Rel-8)

· S-CPICH deactivation when there is no MIMO UE in the cell
This list is intended as food for thought. There are a lot of aspects that may need to be considered, for example the potential need for time alignment between users and mobility measurement aspects to name just a few.
In a deployment with multiple carriers, legacy UEs could be allocated to legacy carriers while more advanced UEs supporting Node B power saving features could be allocated to non-backwards compatible carriers. Ideally, UEs capable of multi-carrier operation should then be able to support both types of carriers simultaneously.
It should be noted that discontinuous downlink transmission may give positive side effects in terms of system performance thanks to reduced inter- and/or intra-cell interference.
3.3 DRX at Node B
It may be possible to achieve more substantial energy savings in the Node B receiver parts if the need to receive signals from UEs can be reduced in ways that allows for discontinuous reception in Node B. The following already specified features might be possible to exploit to facilitate discontinuous reception in Node B:

· PRACH sub-channels (specified in Rel-99)

· HARQ process specific grants for E-DCH (specified in Rel-6)

· UE (MAC) DTX gaps in CELL_DCH (specified in Rel-7)

· Secondary uplink carrier deactivation orders (specified in Rel-9)
Again, the list is only meant to trigger further discussion. As the scope of the study item is fairly wide, it seems motivated to take a broad look at what can be done using existing features as well as possible tweaks and completely new features.
3.4 Energy efficiency measurements
ETSI has introduced a specification for base station energy efficiency measurement definitions and methods. In version V1.1.1 of this specification [4], the load is static. This means that the base station is loaded with three different loads: low, medium and busy hour load.

In an updated draft version V1.2.1 of the specification, the load in the base station is assumed to be dynamic and dependent on variation of the traffic during the test period. By using the dynamic measurement the effects of radio features that can contribute to lowering the energy consumption at the base station can be captured.
4 Conclusions

In this contribution we discussed some initial considerations on energy saving for UTRA Node B.
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� Similar considerations on power saving for E-UTRA are discussed in our contribution in � REF _Ref249253691 \r \h ��[2]�.





