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1. Introduction
The energy saving in UTRAN [1] has been discussed in RAN3#65bis. It comes to conclusion that the RNL-based solution is suggested to trigger the cell switch off/on, and Mechanisms to gradually switch off/on a cell seem desirable. But proposals on the actual mechanism to gradually switch off/on will be discussed in this meeting.
This document discusses UTRAN energy savings based on cell switching on/off gradually method, and gives some proposals for approval.
2. Discussion
2.1. Alternative Solutions

There are two alternatives to implement cell switching on/off gradually are discussed below:
2.1.1. Alternative 1 
RNC controls the NodeB with Energy Savings Indicator in cell reconfiguration procedure, i.e., sleep cell, sleep cell friendly, wake up cell, wake up cell friendly, and the NodeB implements the energy saving operation based on its own configuration. RNC decides the value of Energy Savings Indication based on different algorithms, e.g. the load of the serving cell and the relative neighboring cells, the statistical data of potential handover, fixed time counter (such as sleep cell per 12 hours), and etc.
Sleep cell means turning off the transmit power of the cell, e.g., switch off the RF transmitter.

Sleep cell friendly means decreasing the transmit power of the cell gradually, or switching off part of the Tx of a cell. It is preferred to decrease the power of PCPICH rather than the power of all downlink physical channels, thus call drops may be avoided as much as possible, because when UE measures the power of PCPICH becomes worse than the neighbor cells, it will be handed over to the neighbors naturally. Finally NodeB can also choose to switch off the RF transmitter.

Wakeup cell means turning on the transmit power of the cell.
Wakeup cell friendly means increasing the transmit power of the cell gradually, or switching on part of the Tx of a cell. Finally NodeB can also choose to switch on the RF transmitter.
If the load status is changed during NodeB decreasing the power or the outputs from different algorithms indicate to quit the energy saving status, RNC could decide to terminate the energy saving procedure immediately or give the wakeup cell friendly indication to NodeB. Similarly, NodeB can increase the power of PCPICH based on its configuration.

2.1.2. Alternative 2
RNC controls the NodeB with Energy Savings Indicator in cell reconfiguration procedure, as well as the adjusting parameters, i.e. adjusting step and/or adjusting period. And the NodeB implement the energy saving based on RNC’s configuration. 
The adjusting step and/or adjusting period can be configured as statistical or dynamical based on network status. Because only the RNC knows the whole RAN status, such as the number of UEs within the cell and the cell load, so to enable the RNC to control is the most intellective to ensure the network performance.
Regarding the cell switching on/off mechanism, it's the same as alternative1. During cell switching off, to decrease gradually the Tx power of the PCPICH can enable the UE to smoothly switch to the inter-frequency or inter-RAT collocated cell based on UE measurement, while to remain Tx power of UE’s service channel can guarantee the UE’s service. During cell switching on, to increase gradually the Tx power can control the interference to the existing UEs in the neighbouring cells.
Meanwhile, during the procedure of gradually decreasing/increasing the PCPICH power, if RNC analyzes that the procedure should be terminated due to the network status, e.g. the load of the covered area becomes high or too many users want to access this cell simultaneously, and etc, RNC can inform NodeB to terminate the ongoing procedure and gradually increase/decrease the power of PCPICH to the normal value via cell reconfiguration with corresponding energy saving indicator.

2.2. Comparison
For cell switching off/on, as discussed above, the two alternatives have the same benefit over the current cell deletion/setup method. The resume procedure is more or less the same.

The only difference between the two alternatives is who decides on the adjusting parameters, NodeB in alternative1 and RNC in alternative2. The adjusting parameters can be static as vendor defined or related with the network status.
Alternative1

RNC decides the value of Energy Savings Indicator based on RAN information, for the sleep cell/wakeup cell indication, how NodeB to execute is determinately. For the sleep cell friendly/wakeup cell friendly indication, NodeB can adjust the PCPICH transmission power step by step, and finally NodeB can also choose to switch off the RF transmitter. The adjusting step could be configured different to meet different requirement. For example, if the requirement of guaranteeing the UEs’ service quality is top-priority or the load evaluated within NodeB is high, then the adjusting step could be set with a small value. Furthermore, RNC only needs to decide whether energy saving status needs to quit or not, then it can give awake indication to NodeB. In a word, for specification impact, in alternative1 only the Energy Saving Indication is introduced into NBAP message, and NodeB decides on the adjusting parameters itself, which makes the whole solution much simple.
Alternative2

RNC decides on the adjusting parameters as static or dynamic along with the network status. Besides the Energy Saving Indicator, the adjusting step and/or adjusting period are also needed to be transferred over NBAP.
Here we take the number of UEs within the cell and cell load as the example of network status, when RNC make the decision to reduce the power, if only a few of UEs remain in the cell or cell load is low, the adjusting step could be longer or the adjusting period shorter to speed up the switching off procedure; while if a lot of UEs remain in the cell or cell load is high, the adjusting step could be configured shorter or the adjusting period longer to slow down the switching off procedure to ensure the experience of users. Only the RNC knows the number of UEs within the cell. For the cell load, NodeB does the measurement and reports to the RNC, and RNC evaluates the measurement values and decides on the adjusting parameters based on the whole network status. Even though the NodeB knows the exact measurement values, but it does not know the meaning or impact of the values to the whole network. The cell switching on/off is a decision that based on the whole network status, rather than UE specific or cell specific, since only RNC can know well the RAN status, so RNC is the appropriate entity to do the decision.

Moreover, the cell switching on/off goes along with the UE mobility procedures, i.e. handover, cell reselection, so the adjusting parameters should also be related with the mobility parameters. Since RNC is the control entity of UE mobility, so RNC is the appropriate entity to decides on the adjusting parameters.
By deciding on the adjusting parameters, RNC can know the status of NodeB during cell switching off/on procedure, i.e. the exact Tx power of PCPICH. This knowledge provides an important factor when RNC decides the admission control and decides on the resume procedure. 
3. Conclusion and proposal

Two alternative solutions and their advantages and disadvantages are discussed, it’s proposed RAN3 to discuss and make the final decision. CRs corresponding to the two alternatives are provided in [3] and [4] respectively.
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