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1. Introduction
Low UE energy consumption has been of prime interest ever since the emergence of handheld mobile terminals more than 15years 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. One reason is the simple 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 also 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 addition, governmental mandates in most part of the world on reducing CO2 emission are to be expected as a result of the COP15 climate negotiations held in December 2009.
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). That energy consumption is partly energy being transmitted from the antenna but is, to a large extent, due to losses within the PA. For a given PA, such losses are at least partly independent of the instantaneous output power of the PA and can thus only be avoided by turning off the PA, i.e. by reducing the PA output power to zero.. 
· Other parts such as energy consumption due to active cooling
Although the PA energy consumption is only a part of the overall base-station energy consumption, it imposes a lower limit on the overall base-station energy consumption. Furthermore, it can be expected that the energy consumption of baseband parts will be reduced over time in-line with general technical advances. Thus the possibility for low PA energy consumption is of importance and may be even more so in the future.

To allow for reduced PA power consumption, it is beneficial to have the possibility for a low PA on-time, i.e. the time during which downlink transmission takes place. 

When there are active UEs in the cell, it is obviously not possible to avoid downlink transmission. However, even with no active UEs within the cell, the downlink transmission-time fraction, i.e. the relative time during which downlink transmission takes place, is still lower-limited to roughly 47% (see also the Appendix) due to
· The transmission of cell-specific reference signals (CRS) during four symbols every (downlink) subframe
· The transmission of Primary and Secondary synchronization signals 
· The transmission BCH 
Among these signals/channels, the main contributor to the downlink transmission time is the CRS being transmitted in every subframe
The transmission-time fraction can be reduced (to roughly 28%, see the Appendix) by the use of MBSFN subframes. However, the potential gains, in this respect, from using MBSFN subframes is limited by the fact that

· Even with MBSFN subframes, CRS is still transmitted during at least one OFDM symbol every subframe
· There can, according to release 8 specification, be at most six MBSFN subframes per frame according to current (release 8) specification. 
2. Extended Cell DTX

According to above, the key limiting factor for reducing the transmission-time fraction, even when there is no active UE in the cell, is the transmission of CRS in every subframe. In general, CRS are used for two things
· For UE channel estimation (for coherent demodulation of downlink transmissions). 

· For UE cell-search measurements, both for neighbor-cell measurements for handover and for measurements before initial access.

Among these, the possibility for channel estimation is obviously only needed when there are downlink transmissions to UEs within the cell. However, there must still be a possibility to search for a cell, even if there is currently no active UE within the cell

· There may be UEs in neighbor cells. Such UEs may need to find the cell for a possible handover
· There may be non-active, even powered-off, UEs that suddenly need to access the cell

As an alternative, the synchronization signals, or more specifically, the secondary synchronization signals can be used for cell-search measurements. If that would be the case, CRS would only be needed for channel estimation, i.e. would only be needed when there was downlink data transmission to be demodulated/decoded. This would allow for a situation where, in an “empty” cell, CRS could be limited to subframe  0 (to enable BCH demodulation) as well as to the less frequently subframes in which higher-order system information is being transmitted. As shown in the Appendix , such an extended Cell-DTX mode-of-transmission would reduce the downlink transmission time to roughly 7%. 

3. Issues

In this Section we discuss some issues associated with the introduction of cell-search measurements based on the secondary synchronization signal and the associated possibility for extended cell DTX.
3.1. Impact of synchronization-signal measurement

A prerequisite for introducing cell-search measurements based on the secondary synchronization signal is that the measurement accuracy and consequently, in particularly, the handover performance should not be impacted in a negative way. Initial investigations have also confirmed that this is possible. 
In terms of UE complexity, the secondary synchronization signal is already today searched for, and detected, as part of the cell-search procedure. Also using it for measurements would not require any additional UE complexity, compared to using CRS. The same measurement time of 200ms used for release 8 as well as the same measurement gaps can also be used. This would be an important prerequisite to introduce this measurement with very limited standardization efforts if found desirable. 

3.2. Reactivation of full CRS transmission

The corresponding cell-DTX mode would only be in operation in cells without any UEs or only with idle UEs for which there are no dedicated downlink transmissions. When a UE enters the cell or a UE already in the cell switches mode the cell should to resume “normal” transmission with full CRS transmission. Such a switch is possible to do in a fraction of a subframe which should sufficient not to experience any service degradation. It should be noted that the situation would become similar to what is today already the case for TDD (TD-LTE) where it is obviously not possible for the UE to always assume presence of CRS in the previous subframe. 
3.3. Backwards compatibility issue

The above proposal consists of two parts

· Introducing the possibility for UE measurements on the secondary synchronization signal, as an alternative to measurements on the CRS

· Allowing for extended Cell DTX with a substantially reduced CRS transmission

The second part is clearly associated with a potential backwards-compatible issue in the sense that legacy UEs not supporting measurements based on the secondary synchronization signal, but only on CRS, would not be able to properly search for cells that are using extended Cell DTX. This makes it very important to introduce the measurement part of the proposal into the specifications as early as possible. It is important to understand that this does not imply that extended Cell DTX would be introduced into the network at the same time. Rather the opposite, extended Cell DTX would typically be introduced into the network at a substantially later time when there are no, or at most very few, legacy terminals left in the system. The earlier the new measurement mode is introduced, the earlier will this obviously happen and the earlier can extended Cell DTX be introduced into the network. 
It should also be note that, in networks with multiple carriers, extended Cell DTX could be introduced at an earlier stage on all carriers except one, and the network would still be able to accommodate legacy terminals not supporting the new measurement mode. 
Although one can say that the introduction of extended Cell DTX would always be an operator decision and an operator can thus always avoid the associated backwards-compatibility issues by simply not introducing extended Cell DTX until an appropriate time, the issue has been raised about roaming terminals. In essence, the issue would emerge if a legacy UE not supporting the measurements on the secondary synchronization signal would (attempt to) roam into a network only using the extended Cell DTX on all carriers. However, the following should then be noted

· As, in a given area, one can typically roam into multiple networks, this would only be a true issue if all these networks were using extended Cell DTX on all carriers.
· Even in that case, it would, with a high probability, be possible to access using legacy networks based on WCDMA/HSPA, CDMA2000, or even GSM

It should also be noted that roaming users are often advanced users that can be expected to update their mobile devices relatively frequently. The corresponding UEs will thus, with a relatively high probability, include the latest functionality and would thus not suffer from any backwards-compatibility issue. 

4. Summary and conclusions

In this paper we discuss the possibility to introduce extended cell DTX for the purpose of a energy-efficient base station mode-of-operation. It has been proposed to reduce the number of CRS for empty cells, without any active terminals. This can be made possible by changing the UE mobility measurements used for cell search from measuring on CRS in release 8 to measuring on secondary synchronization signal. If this change should be done it is desirable that it can be done as early as possible in the specification. 

The advantages of a further reduced minimum PA transmission time from today’s 47% and 28% for normal unicast subframes and for maximum MBSFN configurations, respectively, down to 7.1% are further discussed in the appendix. Potential issues of standardization effort; impact on measurement accuracy and handover performance; as well as backward compatibility have also been discussed. 
5. Appendix

Estimating how much energy savings could be obtained with extended cell DTX it is useful to analyze the minimum power amplifier transmission time ratio. This is the ratio between the time the eNB is required to transmit something: CRS; synchronization signal; or BCH and the total time. Below time profiles of different types of subframes have been outlined and analyzed. The solid lines above the subframes, in the figures, illustrate a schematic output power profile for a power amplifier. The power amplifier needs to ramp up the power to the desired level somewhat before the transmission but can then be switched off fairly quickly. In the below calculations half an OFDM symbol has been added to each transmission to allow for the power amplifier to reach the desired power level from the power saving state and then return again. Half an OFDM symbol is an example and that time will depend on hardware characteristics. In this calculation we have, as an example, shown the benefit of extended cell DTX in FDD, however, TD LTE will be affected in a similar way depending on configuration.
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Figure 1 Normal unicast subframe

The normal unicast subframe will require that the eNB transmits CRS in OFDM symbols 0, 4, 7 and 11. Adding half a subframe to each transmission the PA will transmit for six OFDM symbols per subframe, i.e. minimum power amplifier transmission time ratio is 6/14 ( 43% for this type of subframe. 
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Figure 2
MBSFN subframe

In MBSFN subframes the transmission need is reduced to one CRS per subframe giving a minimum power amplifier transmission time ratio of 1.5/14 (11%. 
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Figure 3
Subframe zero with CRS; primary and secondary synchronization signal; as well as BCH.
Subframe zero contains both CRS, synchronization signals and BCH, this structure will result in two transmissions being 1.5 and 8.5 OFDM symbols long, respectively. This is illustrated by the upper solid power profile resulting in a minimum PA transmission time ratio of 10/14 ( 71%. If the number of CRS would be reduced according to the lower dashed line the minimum PA transmission time ratio could be reduced to 7.5/14 ( 54%. 
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Figure 4
Subframe five with CRS; primary and secondary synchronization signals

Similarly, subframe five contains CRS, primary and secondary synchronization signals, which with current power solid power profile gives a minimum PA transmission time ratio of 7.5/14 ( 54%. If the CRS would be omitted the ratio would be reduced to 2.5/14 ( 18%, illustrated by the lower dashed line. 

For a normal release 8 frame this would give a minimum PA transmission time ratio of 47%. Utilizing the possibility to configure the maximum amount of MBSFN subframes in release 8, namely six, would allow for a somewhat lower minimum PA transmission time ratio of 28%. Implementing the proposed extended cell DTX would make it possible to reduce this ratio down to 7.1%. Note that a decrease of the minimum PA transmission time ratio does not translate directly to a corresponding energy saving in the base station. The actual power saving depends on the characteristics of the components , however, the minimum PA transmission time ratio sets and will always set the limit for how far the energy need can be reduced in the node. 
