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1.
Introduction

The RAN meeting #46 December 2009 opened a study item on energy savings in UMTS with the target of closing the initial study in RAN meeting #48 in June 2010 [1]. The SI description mentions that “Solutions that are backwards-compatible or non-backwards compatible towards legacy UEs are within the scope of this initial study.” I.e. anything is in the scope of the study regardless of whether the solution is fully backwards compatible or causes a significant non-backwards compatible redesign of the radio interface.
The SI description already gives some indication of what should be looked at (underlining added):

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)

Among the techniques presented in RAN1 meetings, Cell DTX has been discussed in a number of contributions, e.g. in RAN1#60bis [2,3,4], switching of carriers and antennae (especially in MIMO cell) have been discussed e.g. in [5], common channel power control in [6] and a gradual cell power ramp down in [7]. These proposals are shortly discussed in this contribution. In addition a text proposal to TR25.927 on Cell DTX is provided in [8].
2.
Discussion
2.1
Cell DTX

A set of requirements a Cell DTX concept would need to fulfil were discussed in [2], a tentative Cell DTX concept was outlined e.g. in [3, 4]. The primary requirement making Cell DTX possible is that transmissions on all channes can be stopped at the same time for long enough and often enough to provide gains in the Node B energy consumption. The implications of this requirement are quite large and require a careful analysis on at least the following aspects.

· Cell synchronization and detection due to gated SCH and discontinuous P-CPICH lead to new requirements to the UE, apparently lead to cell detection performance degradation and may lead to problems with legacy devices being able to find the cell at all.
· Due to discontinuous P-CPICH the mobility measurements (cell reselection evaluation and mobility measurement reporting) are impacted and new requirements need to be developed to the UEs. Inter-frequency and inter-system measurements of a cell that is gating its SCH and P-CPICH seem especially problematic, but in all cases performance degradation can be expected.

· Due to discontinous transmission of P-CCPCH new requirements may need to be developed in order to be able for the UEs entering the cell to be able to receive BCH as a P-CCPCH frame that is partially gated is not able to deliver a system information block segment. A careful evaluation would be needed to see if it would be possible to schedule the mote critical system information blocks around the radio frames in which P-CCPCH is gated and analyze how much the system acquisition is delayed due to less frequent SIB repetition.
· Either a new PICH channel design with DTX is needed, or a new mechanism for forcing the paging occasions of the UEs to only take place at known locations is needed.
In general Cell DTX would appear as an attractive way for saving Node B energy, but due to the system design paradigm being based on continuously transmitted SCH, P-CPICH, P-CCPCH and PICH, quite a significant redesign would seem inevitable. Also accepting longer cell acquisition times and higher probability of handover failures would seem necessary.

2.2
Cell and antenna power down

Powering a cell off when there is no traffic in it and another frequency/system is providing necessary coverage is an obvious and straight forward way for saving energy. Similarly, in a MIMO cell, powering down the second antenna branch when there are no active MIMO users in it can be used to save energy. The contributions around the topic, e.g. [5, 7] focus more on managing the cell power down, e.g.

· Node B requesting the RNC to hand the active state UEs out of the cell or reconfigure MIMO users in single antenna operation.

· Node B gradually powering down P-CPICH (and all other channels as they are relative to P-CPICH) and let the users in the cell naturally hand over or reselect to other cells.

Both of the concepts fall more naturally under the RAN3 realm, but it is noted that NBAP specification already contains a ‘dormant mode indocator’ in the Cell Reconfiguration Request message with which the RNC can request the Node B to stop transmitting anything. 
If the CELL RECONFIGURATION REQUEST message includes the Dormant Mode Indicator IE, the Node B shall initiate the requested function. If Dormant Mode Indicator IE = "Enter Dormant Mode", after completion of the reconfiguration to dormant mode there shall be no power transmitted in the cell. If the Dormant Mode Indicator IE = "Leave Dormant Mode", the Node B shall initiate reconfiguration of the cell and resume the normal operating mode. [9].
It appears that if the cell entering dormant mode is gradually powering down it will gracefully eject all the UEs camping in it or connected to it to other cells. Furthermore, if the RNC so desires, it can start proactively handing active mode users out of the cells. Hence it appears that the already existing Dormant Mode Indicator in the NBAP specification already facilitates cell power down and gives enough tools for the RNC to proactively hand over the active state UEs if it so chooses. It may be an interesting implementation option to gradually power down and power up the cell, but it does not seem to add any further energy savings to what is already possible with Rel-9. Furhtermore the Node B requesting RNC to hand the UEs out of the cell seems redundant.
The power down of the second antenna branch in case of a MIMO cell carries none of the problems of powering down the other common channels in a cell and can be autonomously managed in a MIMO cell; when there are no UEs configured in MIMO mode in the cell the second antenna S-CPICH can be turned off and the Node B can power down which ever parts its implementation allows when there is no need to transmit anything from the secondary antenna. This is attractive also from performance perspective as the S-CPICH transmission is seen as unwanted interference by the other users.

The proposal in [5] in which the Node B can ask the RNC to configure a particular radio link out of MIMO mode in order to get rid of all MIMO users and enable turning off the second antenna branch seems however being more reactive than proactive. It would seem more efficient not to configure the MIMO to a radio link in the first place for any radio link. Whether the RNC would need to get a request from the Node B to achieve this seems somewhat irrelevant in the spirit of the study item – the important part is that the secondary antenna can be powered off autonomously by the Node B when there are no active MIMO users. Yes, there are means to avoid MIMO usage in a cell, and it could be beneficial to introduce tools for the Node B to be able to get rid of MIMO UEs, but whether or what type of standard change to facilitate this seems to be less critical.
2.3
Power control of common channels

A concept of power controlling common channels was introduced in [6]. Due to the non-connection oriented operation mode of channels such as SCH, P-CPICH, P-CCPCH, S-CCPCH, PICH and AICH that need to be reliably received at the cell edge by the UEs unknown to the Node B trying to enter the cell, it seems that power controlling these channels would rather be a tool for controlling the coverage and availability of the cell and thus being part of network planning and optimization rather than dynamic means for energy saving. This especially when consireding that reducing a transmit power of a relatively low power code channel is unlikely to translate to a notable energy saving.
3
Conclusions
This contribution discussed Cell DTX, cell power down, second antenna power down in a MIMO cell and power control of common channels as means to achieve energy savings in the Node B.
· Cell DTX leads to significant redesign of many of the channels needed before the user actually is able to access the cell and seems to be leading to a non-backwards compatible radio system.
· Cell power down is a good way to save Node B energy when it is achievable. RAN3 already has introduced a tool for the RNC to make a cell dormant. Whether there is a need for the standards to define that when powering down a cell the power-down needs to take place gradually is not so obvious, and even if defined, but it is nevertheless a tool worth considering when looking into the system impacts of a cell being powered off

· Node B autonomously powering down the second antenna when there are no UEs configured in the MIMO mode in the cell seems feasible and sensible way to reduce consumed energy as well as emitted interference. More discussions are needed to see if there is a need for the Node B to be able to ask the UEs to be configured to a single antenna mode, or is it sufficient that the RNC makes this decision on its own.

· Power control of common channels seems to be a technique that directly impacts the coverage and availability of a cell and thus cannot be used solely as means to save Node B energy. The RNC can manage common channel transmit powers with full system knowledge, the Node B cannot.
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