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1. Introduction
Extended Cell DTX was proposed [1] to enhance the energy efficiency of LTE networks and a related work-item was subsequently proposed at RAN #46 [2]. Although the proposal received substantial support, especially from the operator community, there were also concerns raised by several companies. As a result, the work-item decision was postponed until the RAN #47 (March 2010). It was also concluded that the topic of enhanced network energy efficiency and the use of cell DTX to achieve this could be discussed by RAN1 as part of “LTE-Advanced”. This discussion was started in RAN1 #59bis where it became apparent that the backward compatibility, or rather the possible loss of backwards compatibility was, not unexpectedly, a key issue for many 3GPP partners regarding extended cell DTX. Influenced by this discussion we therefore in this paper, in addition to the previously discussed Extended Cell DTX, present an alternative backward compatible cell DTX approach. 

2. Problem formulation 

In [3] we made a number of more general conclusions regarding network energy saving:

· Reducing the energy consumption at the base stations nodes and associated sites is of key importance for reducing the network energy consumption

· Reducing the energy consumption of the base station sites should primarily focus on limiting the transmitter PA “on” time

· The focus of reducing the network energy consumption should be on minimizing the energy consumption during time intervals (as short as one subframe) when there are no downlink transmission within the cell

· The main tools to reduce PA energy consumption during subframes in which there is no data transmission is to avoid, as much as possible, the transmission of CRS within such subframes.

These conclusions are the basis for our Extended Cell DTX proposal.

3. Different options for Release 10 

There are different options to take the need for enhanced network energy efficiency in particularly in low load scenarios into account in the Rel-10 LTE standardization. In this section we outline in addition to the previously proposed cell DTX also a minimum impact improved cell DTX which should allow for release 8 terminals to still detect a cell operating in cell DTX. 

3.1. Proposed extended cell DTX 

In RAN1 #59 we proposed an extended Cell DTX [1] as a means to improve the network energy efficiency in low-load scenarios. In short the essence of this proposal is to reduce the amount of CRS transmitted in a cell at times of low load, permitting the base station to switch-off the biasing of the PA during the time intervals (a few ms) between system-information and synchronization-signal transmissions in subframe 0 and 5. In order to make it possible for a release-10 UE to find a cell in extended cell DTX mode we propose to change the mobility measurements. Today the mobility measurements are based on cell-specific RS. The proposal is to instead mandate all UE’s, from release-10 and onwards, to support measurements on the secondary synchronization signal (SSS) present in subframe 0 and 5. Changing the mobility measurements all have the advantage that a certain UE model would not have to support more than one type of mobility measurement, early release-8 UEs would measure on CRS according to current release-8 specification and terminals from release 10 and onwards would instead measure on SSS. Note that this does not prevent release-10 terminals to identify and access release-8 carriers as the synchronization signals are obviously also present on release-8 carriers. 

In [4] an example of a three sector macro site is discussed where the biasing of the PA is estimated to be some 83W per radio unit (50W is saved by switching off the PA bias for 60% of the time). This figure can surely vary somewhat depending on implementation, however, it indicates about how much energy is consumed by a PA in a base station even before a single bit of information has been transmitted in a cell. 

3.2. Minimum impact improved cell DTX 

There has been some resistance against introducing Extended Cell DTX due to that it is not backward compatible, in the sense that a release-8 terminal would not be able to find a cell in Extended cell DTX. The reason for the non-backwards compatibility is that the CRS, needed for cell search by release-8 terminals, would not be fully present . However, it is also possible to reduce the CRS less than proposed in [1] e.g. by keeping the full set of CRS in subframe 0 and in some subframe 5. Considering that more OFDM symbols will need to be transmitted in subframe 0 than in subframe 5 the total energy efficiency will be less impacted by allowing a full set of CRS in subframe 0 than in subframe 5. Due to this fact, it is desirable to keep the number of full set subframe 5 as small as possible for cell DTX. Allowing full CRS in some subframe 5 would also have the advantage that it would support transmission of higher layer system information in the subframes 5 with full CRS transmission. If every fourth subframe 5 would contain a full set of CRS in addition to a full CRS transmission in subframe 0, the minimum PA “on ratio fraction amount to 9,8%. The corresponding figures for full CRS transmission in a subframe 5 per 80 ms would be 9,4%. The corresponding figure for full CRS set in every second subframe 5 would be 10,7%. This can be compared with the case with full CRS set in every subfame 5 which would yield a minimum PA on time of 12,5%, this option is identical to eight “blank subframes”. The number of full subframe 5 with full CRS set could either be fixed to some value e.g. 1 out of 4 or could be left for operators to decide depending on desired performance for release-8 terminals. 

Exactly how much a reduction of CRS according to above would impact existing release-8 UEs depends on implementation. However, here it is important to remember that this cell search is primarily for initial cell search and idle mobility. The situation of an active release-8 UE searching for neighbor cells will be well known to the network which could choose to switch to full CRS mode so the release-8 UE could perform measurements on them. This way it would indeed be possible also for release-8 terminals to find and access a cell with improved cell DTX although with a certain performance loss compared to a release-8 carrier. 

As has been discussed in earlier contributions the time scale that a cell DTX mode can be switched on and off is crucial for the effect it will have on the energy efficiency of a base station node supporting mobile broadband services. Consequently it is of high importance that a minimum impact improved cell DTX mode can be changed on a time scale of milliseconds in order to optimize energy efficiency. The wider bandwidth a cell has the faster a certain amount of data can be transmitted to a terminal and the faster a low loaded cell can serve its users and the more empty subframes will remain. 

4. Summary and conclusions

In this contribution two proposals are presented to enhance present possibilities for cell DTX and thereby enabling improved network operation in terms of energy efficiency:
· Extended cell DTX, as already presented in RAN1 

· Backward compatible improved cell DTX which allows also for release-8 terminals to find cells operating in cell DTX 
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