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1. Introduction
A Study Item on Energy Saving for UMTS was approved at RAN#46 and some candidate techniques were proposed at previous RAN WG1 meetings. 
Energy Saving in UMTS has been discussed in RAN3 since RAN3#65. Several cell switch on / off methods were discussed and the conclusion was only to introduce a Dormant Mode Indicator so that the RNC can indicate a NodeB to implement its own mechanism. Although no detailed solutions have been introduced, cell switch on / off is recognized as an potential feasible technique. In this document we present gradually cell switch method further and consider exchanging more information between the RNC and the NodeB for applying more specified energy saving mechanism.
2. Discussion
2.1. Gradually cell Switch off/on
For urban or hotspot area, different frequency networks can be co-deployed to cope with peak hours, such as Figure1. The hotspot cells with f2 could be switched off for energy saving according to cell load, number of users or etc. 
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Figure 1: Energy saving discussed for co-deployed cells
The RNC can decide whether to apply gradually cell switch off/on and control a NodeB with an indicator in cell reconfiguration procedure to enable this method. During this process, transmit power of P-CPICH is to be decreased gradually, and the transmit power of other channels shall also be scaled with P-CPICH.
As shown in the following Figure 2, 
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 is the normal P-CPICH transmit power which is also specified as the maximum of P-CPICH power level and 
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 is the allowed minimum P-CPICH power level. 
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is preferred to be configured as 0, which means no signals are transmitted anymore and the cell is turned off. When a NodeB receives the gradually cell switch off indicator, it can start to decrease the P-CPICH and other downlink channels transmit power based on the adjusting step
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 and adjusting period
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. In case of the NodeB receiving the gradually cell switch on indicator, it can start to increase the P-CPICH and other downlink channels transmit power based on the adjusting step 
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and adjusting period
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Adjusting parameters can be chosen according to cell load, number of users or etc, which could be configured differently to fulfil diversity of network status. For instance, if there are still relatively many users in this cell, 
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 can be set with a small value to leave more time for UEs to move to other cells. In some other cases, it could be a big value to perform larger energy reduction.
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Figure 2: Gradually cell switch off/on solution
As shown in the Figure 3, during the procedure of gradually decreasing/increasing P-CPICH power, if the RNC analyzes that the procedure should be terminated due to the change of network status, e.g. the load of the covered area becomes high or too many users want to access this cell simultaneously, and etc, the RNC is able to inform the NodeB to terminate the ongoing procedure and gradually increase/decrease the power of P-CPICH and other downlink channels to the normal value via corresponding energy saving indicator.
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Figure 3: Gradually cell switch off/on solution

The transmit power of other downlink channels shall be also changed with P-CPICH power at the same time. In this way, all the downlink channels decrease/increase simultaneously, which requires the NodeB to manage the other channels with relative transmit power offsets with P-CPICH. A UE is able to select the camp cell based on measurement of P-CPICH, and switch to other cell while its camp cell is gradually switching off or come into the cell while gradually switching on. 
The RNC has the knowledge of the number of UEs within the cell and the level of cell load. Moreover, the RNC is able to evaluate the whole network status, not only the candidate switching off/on cell but also other co-deployed and neighbour cells. The cell switching on/off and adjusting parameters are appropriate to be decided based on the whole network status, rather than UE specific or cell specific. Therefore, the RNC is the reasonable entity to dominate the procedure.
2.2. Mobility
The gradually cell switch off /on solution is mainly used for different frequency network co-deployment scenario. There will always have a network with consecutive coverage. The normal mobility is not expected to be impact since the aim of this solution is to gradually move UEs into co-deployed frequency based on measurement.
· Cell_DCH and Cell_FACH state
If there are UEs in Cell_DCH and Cell_FACH state, the requirement to guarantee the UEs’ service quality is top-priority, the adjusting step could be set with a relatively small value. Accordingly the serving UEs are able to have enough time to finish the recently service and reselect neighbour cell further more.
· Idle, URA_PCH, Cell_PCH state

UEs in Idle, URA_PCH or Cell_PCH state camping in f2 are able to detect and measure neighbour cells, and perform cell reselection to switch into a better cell based on its measurement.
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Figure 4: Gradually cell switch off 
2.3. Energy saving
An average power consumption of RBS with the definition shown below has been introduced in the ETSI specification [2]. And in this specification a cell load model was also provided as Table 1.
The average power consumption [W] of concentrated RBS equipment is defined as:
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Table 1: Loading profile

	Loading
	RF Load
	Duration (hours)

	Busy
	0.5
	8

	Medium
	0.3
	10

	low
	0.1
	6


The saving of the average power consumption of power amplifier of gradually cell switch off/on method can be defined as the radio of power saving efficiency
[image: image14.wmf]h

. Since the PA consumption is a part of the total consumption of RBS and it is quit different from the different implementation, in this part we only use the PA energy saving value for evaluation.
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Let the RF power consumption be
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Define the RF power consumption when applying gradually switch off/on as
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. Given the assumption that gradually cell switch off/on is not performed during busy hours whereas this method can be activated during low load scenario and for 
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 effective hours during medium load.  So denote the 
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Based on the above equations 
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can be expressed as:

[image: image23.wmf],

)

(

)

(

_

_

_

_

_

low

med

BH

low

ave

off

low

low

off

med

ave

off

med

med

RF

t

t

t

t

P

P

t

P

P

P

+

+

×

-

+

×

-

=

D


(4)
Where 
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 is the average power consumption with medium hour load when gradually cell switch off/on is applied;
Where 
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is the average power consumption with low load when gradually cell switch off/on is applied.
We simplify this expression under the following two assumptions:
· 
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· Assume that gradually adjust time is much less than 
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Then 
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 can be defined as:
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Figure 5: Energy saving efficiency of gradually cell switch off/on with ETFI cell load model
Figure5 is a plot of 
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, based on the cell load modelling in Table 1. It can be observed that additional savings can be achieved by applying the gradually cell switch off/on, and even more energy savings gains would be obtained if it is performed during medium load.
· If gradually cell switch off /on method is performed only during low load (i.e. 
[image: image38.wmf]off

med

t

_

 = 0), the energy saving is about 8%;

· If gradually cell switch off /on method activated at all times during medium load (i.e. 
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 = 10), the potential energy saving is up to 47%.  

· The usage of the gradually cell switch off/on method during medium load is assumed to be not more than 5 hours (i.e. 
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 ( 5), so the potential savings range is from 8 % to 28%.
3. Conclusion

In this contribution, further considerations are discussed for approach of UTRAN energy savings based on cell switching on/off gradually method, and thoughts of mobility and energy saving efficiency are also presented. In urban or hotspot area different frequency networks are co-deployed, the power saving efficiency of gradually cell switch on/off method is from 8 % to 28% with the cell load model in Table 1.
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