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1 Introduction 

For the Network Energy Saving for E-UTRAN WI discussion, last RAN3#74 meeting discussed a possibility to take the number of idle mode UE into account when take decision in eNB to enter energy saving mode (R3-112933, R3-112927, R3-112922). It has been acknowledged that the information on idle mode UEs (that may access the network) may be beneficial for Energy Saving decision. However it still needs further discussion whether further RAN3 work is needed. This contribution discusses and tries to conclude on a way forward.
2 Consider Idle Mode UE when enter energy saving mode
The rationale and the motivation has been described and discussed in R3-112927 in RAN3#74 meeting, and it has been acknowledged that the information on idle mode UEs (that may access the network) may be beneficial for Energy Saving decision. One to further emphasize is that, if the number of UEs that are not ISR activated is large, soon the LTE cell is switching off, large number of UEs will give RAU to the 3G for the inter RAT case.
Further discussion was held and it was pointed out that in order to avoid the large number of UEs to give RAU in a short time period, to switch power off gradually is also a solution.
3 Solutions 
The next then come to the possible solutions analysis.

Alt 1: to have a pre-configuration the time and area in the energy saving eNB by the operators who have knowledge when and where the number of UEs (e.g. Machine type UE) may initiate the connection during low traffic time.  This alternative solution is exactly one of the configuration that operator need to consider when the energy saving mechanism is presumed to be operator configuration. This is nothing new and can be done even today.  However, it should be noted that this requires operator to have such work manually and more, need to have knowledge (statistically collection from the field or from the subscription data). All this manual work violates the trend that to reduce the operator work as much as possible. 
This alternative does not require change of specifications.
Alt 2: One is to have a mechanism in the energy saving eNB that has the historical information in its cache memory, for example based on the statistical collection, the eNB can judge not to enter energy saving mode at the time normally more connections had been made even if before that a long period of time it has been low traffic or low number of connections. For example, from 2:00am to 4:00am it has been 2 hours low number of connections, an eNB may try to enter energy saving mode. However if the historical data collected indicates that in some occasions e.g. 3:30a.m. there have been quite a number of connections attempted in the past, the eNB may decide not to enter energy mode. This alternative is only an estimation in the eNB while in actual fact, the estimation may be totally incorrect because sudden event happening may also increase the number of UE connection in a relatively short time period.
This alternative does not require change of specifications.
Alt.3:  One is to have the number of idle mode UE from the MME inform to the eNB.  For example, when energy saving eNB is trying to enter energy saving because of low traffic or low connections, it then asks MME to provide the number of idle mode UE information. If the eNB realize that there is a low number of idle mode UE, it then can finally decide to enter energy saving mode. This Alt.3 however is not accurate enough because the MME can not have the UE location as per cell-level therefore what MME can provide, is the number of idle mode UE in TA (Tracking Area) level which may be one TA or several TAs. Moreover, the TA can cover an area that is relative large and wide.    However the information from MME will be useful if the area of TA is relative small. 
This alternative requires change to S1AP.
Alt.4: One is to know the number of UE in the area when after those UEs response to the eNB initiated paging. This mechanism requires the energy saving eNB to initiate the Paging to page all UEs in the area. If quite a number of UEs will be responding, the eNB can decide not to enter energy saving mode. If there are no or only a small number of UE responding, then the eNB may decide to enter in energy saving mode. In case of big number of machine type UEs starts to respond, when the eNB initiated a paging is used, the RRC RACH backoff Indicator mechanism (TS 36.321) should be able to manage the congestion aspect. More discussion may be required with RAN2, if RAN3 is in favour on this solution.
This may have impact on RRC (36.331).
Alt.5: the number of Idle mode UE in a TA is provided by OAM (R3-112292). 
This alternative requires changes to OAM specification.
Alt.6: the eNB gradually lower down the power. 
This alternative may be able to avoid burst of RAU from UEs who were not ISR activated in a short time period, however it still can not avoid the ping-pong effect i.e. when after the eNB completely switch off its power, the huge number of UE may send signalling and traffic so the coverage eNB may then soon ask the energy saving mode eNB to switch on.
This alternative does not require change of specifications.
Further consideration: R3-112933 described a way to prevent a bad consequence on UE experience when the energy saving cell is turn off, by tuning the system information for the UE not to stay in the “to be energy saving cell”. Further more for the coverage cell to tune the system information or mobility parameters (e.g. absolute based priority) to restrict e.g. ping-pong back to the “to be energy saving cell”. This will then need a Preparation Phase between “to be energy saving cell” and the coverage cell. Rel-10 has a mechanism to inform neighbour eNB when the energy saving cell is to be switched off, by the eNB Configuration Update procedure, therefore this Preparation Phase does not need to have to need new procedure in the interface however possibly impact is to add the “preparation phase” in the procedure text.
From the above analysis, it can be understood that while some alternative solutions do not require specification changes, some (alt 3, alt.4 and Further consideration) requires change to the specifications.
We propose to take Alt.2 as the base and to combine with Alt.3 or alt.4 in order to have more accurate information on the number of Idle mode UEs in the area. For example, if it was found OK in the past to switch off based on such an estimated number of idle mode UEs, and no subsequent ping-pong occurred, and collect such data again with every switch-off. This will then help to have more accurate decision of the power switching off (i.e. to enter energy saving mode).
It is proposed to work on Alt. 3 and/or Alt.4.
4 Conclusion and proposal.
It is proposed to confirm the observation and work base on the conclusion.
It is proposed to work on Alt. 3 and/or Alt.4 (i.e. MME to provide number of idle mode UE in a TA to the eNB or eNB initiated paging) for the reason of better decision of the entering energy saving mode, in addition to the alt.2.
It is also proposed to send an LS to RAN2 to confirm that the eNB initiated paging is feasible.
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