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1. Introduction

In RAN#46 meeting, a study item, Energy Saving for UMTS, was approved aiming to identify candidate solutions to reduce energy consumption within UMTS NodeBs. The objectives below are excerpted from [1]:
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 paper intends to provide an overview of energy saving options in UMTS and some initial thoughts on relevant assumptions for this study.

2. Background
Climate change and low carbon economics became hot issues around global countries. And, IPCC has already identified that climate change is a scientifically proven fact. As a consequence, COP15 Climate Change Conference was held in Copenhagen in Dec, 2009, where intense negotiations and debate happened among governments. 
In pace with flourishing development of telecommunication network almost covering the whole world, the proportion of energy consumption of telecom industry is growing rapidly at the same time. Corporate social responsibility (CSR) also requires companies caring about environment protection and making contribution to reduce CO2 emission. In addition, an important aspect is that more efficient energy consumption, for many operators, could help cutting down on operating expense, in which cost of energy cannot be ignored any more. Therefore, energy saving methods shall hold the spotlight.   
Previous releases mainly focused on UEs power saving, e.g. UE discontinuous transmission (DTX) and reception (DRX) are adopted as key component in UMTS to achieve more energy-efficiency. However, statistics show that NodeBs approximately consume nearly 75% of the energy required for network operation, thus the possibility of lowering NodeBs energy consumption and achieving high power efficiency emerges from the backstage.

3. Summary of existing solutions
By far, most dominating methods on energy saving in UMTS are engineering-oriented. The concept of Green Base Station includes RF devices, efficient Power Amplifier, cooling machine, clean energy etc.
Standardization aspects for Energy Saving in UMTS have been discussed in RAN3 under TEI 9 since RAN3#65. A solution in [4] proposes to gradually switch on/off the cell to achieve energy saving gains while ensuring a good performance of the network and user experience. Several energy saving solutions have been discussed in general in [5], including RNL based solution, TNL based solution and OAM based solutions. Finally, an RNL based solution was agreed in RAN3. This means that the RNC can decide to allow switching on/off a cell based on its measurements, configurations or cell load, etc, and then indicate to NodeBs that they can turn on/off the RF transmitter. However, no detailed solutions have been approved, which means RNC only transfers the energy saving indicators to a NodeB and the NodeB can implement its own saving mechanism.
At RAN1#59, a scheme of extended cell DTX for the purpose of reducing downlink PA transmission-time fraction in an LTE network was proposed in [6] to reduce the number of CRS for cells without any active terminals, and also to introduce the possibility for UE mobility measurements used for cell search on the secondary synchronization signal, rather than on CRS. The applicability of cell DTX schemes for UMTS still needs to be studied.
4. Scenario

For further discussion it may be useful to identify the main scenario(s) we could focus on, since the variety of possible solutions could be significant according to different scenarios. 
The deployment scenarios may include:
· Single Frequency Coverage

· Intra-UTRAN Cell Coverage
· Inter-Frequency UTRAN Cell with same coverage
· UTRAN Hot-spot Coverage

· Inter-RAT Cell Coverage

· UMTS/GSM

· UMTS/LTE
Another study assumption we may have to consider is the downlink transmission status or load of a cell, such as “empty cell” or “active cell”. Cells with no active users at all and cells with active users have totally different properties and requirements. Given that there are all inactive users or only few active users in a cell, solutions to sacrifice performance or force the users to re-select another cell to save energy of NodeBs could probably be acceptable. On the contrary, any significant impact on performance shall be avoided in case of loaded cells, where most users have active data transmissions.
5. Backwards-compatibility
The initial study suggests considering backward compatible and non backward compatible solutions.

Note that backwards-compatibility is a very important factor impacting candidate solutions and the achievable gains. UMTS has been widely deployed for many years and quite a number of sites and UEs are operating in the field. Thus, backwards-compatibility towards legacy UEs is an inevitable issue to be considered in design of energy saving schemes. 
A backwards compatible solution would make energy saving gains predictable, but may have severe restrictions and only limited gains. On the other hand, allowing non-backwards-compatible solutions puts fewer restrictions on the design of energy saving schemes and allows for potentially higher gains. However, such gains cannot be immediately exploited as the migration towards a UE population supporting those scheme needs some time.

Hence the inherent advantages and drawbacks of both, backwards-compatible or non-backwards compatible solutions should be carefully studied. 
6. Metric

The evaluation of power efficiency is a new topic for RAN1. The metrics to evaluate power saving could be very different depending on various ideas and solutions. Therefore, the issue how gains, e.g. in transmit power, identified by RAN1 translate into energy related measurements and whether a uniform metric is required for the purpose of fair comparison of gains needs to be investigated. 
As an example, since the traffic load of a cell is varying with time periods throughout the day, power consumption is also changing dynamically. It could therefore make sense, to consider energy savings on a long term average, e.g. during a 24*7h period rather than instantaneous power savings that are compared to full transmission power. 
7. Conclusion
In this document we share some considerations on further energy saving discussions. Scenarios, backwards-compatibility and metrics would be the relevant aspects to be identified during the initial study.
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