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 Discussion on inter-RAT Energy Saving
1 Introduction
During previous GERAN meetings a lot of discussion were raised on BCCH carrier power reduction, however there has been no discussion related to inter-RAT energy saving. Today, multiple RATs are deployed in many networks around the world, where each RAT often overlap with another.  In the case of low load periods, e.g. at midnight, activation of all deployed RATs would likely be a waste of radio resources and power consumption. Therefore, it is worthwhile to investigate solutions for activating and deactivating different RATs in the real network within the BTS Energy Saving study item.

This paper aims to kick-off the discussion on inter-RAT energy saving in GERAN.
2 Discussion
2.1 Background information

Besides the SI currently ongoing in GERAN related to inter-RAT energy saving, some other groups are involved as well. RAN3 has completed a SI in Rel-10 on E-UTRAN related energy saving including inter-RAT case, and SA5 has an ongoing SI in Rel-11 focused on inter-RAT energy saving from OAM perspective.
Both of the working groups have agreed alternatives [1][2] to the inter-RAT energy saving procedures:
· OAM-based approach

The inter-RAT ES is activated/deactivated via OAM tools based on statistical information obtained from coverage and/or GERAN/UTRAN/E-UTRAN cells. This approach has no impact on the RAN network.
· RAN-based approach

The RAN network decides the activation/deactivation of inter-RAT ES autonomously based on the information exchanging from other RATs. Some statistical information can be received through OAM policy. This approach needs involvement of the RAN network.
The latter approach performs a more efficient inter-RAT ES and provides a more flexible and dynamic way for operators to activate/deactivate cells/RATs. The SA5 work focused on OAM-based solution and the OAM policy definition for the RAN-based solution.  Furthermore, RAN3 only provided a high level principle from LTE perspective but technical details are yet to be specified.

GERAN should commence work on the RAN-based approach to inter-RAT ES from a GSM/EDGE RAN perspective (as opposed to the RAN3 work which was done from an LTE perspective).  This would help provide a complete solution to make inter-RAT ES feasible from any RAT. The following discussion is exclusively based on the RAN-based approach.
2.2 Activation/deactivation conditions for inter-RAT ES
When multiple RATs are overlapping it is an obvious way that activation/deactivation of one RAT should be based on load information, e.g. a GERAN cell and an UTRAN cell has the same coverage, if the UTRAN cell has a stable low load for a given period (e.g. below a predefined threshold), the UTRAN cell can be deactivated. Once the decision is made, the ongoing services in the UTRAN cell would be handed over towards the GERAN neighbour cells before the cell is switched off.
Vice versa, when the load in the GERAN neighbour cells increase for a given period (e.g. above a predefined threshold), it is possible to trigger the activation of the UTRAN cell. The following two figures show the related procedures of the mentioned example. It is possible that the OAM may provide some policies in advance, e.g. ES activation period, thresholds to trigger activation/deactivation etc.
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Figure 1 cell deactivation example
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Figure 2 cell activation example

The above example would lead to the following questions:

1. If there are services ongoing in UTRAN which cannot be fully supported in GERAN, the deactivation of the UTRAN cell would have an inevitable impact on the user experience. 

2. During the deactivation of the UTRAN cell, if a mobile initiates a PS service which cannot be fully supported in GERAN, the user experience is obviously degraded.
3. If there are other GERAN neighbour cells with overlapping coverage with this UTRAN cell and the load of these GERAN neighbour cells are not low enough, the deactivation of this UTRAN cell might further increase the load burden of the GERAN neighbour cells, resulting in potential 2G network congestion.
4. Some users with high priority would like to enjoy 3G services, even if the applications can also be served in 2G, e.g. FTP downloading.
5. If the deactivation of the UTRAN cell is immediately executed, there is possible signalling storm due to LAU/RAU procedures triggered by idle mode mobiles.

These questions so far are not addressed in GERAN and it is our understanding that solutions are needed for better performance of inter-RAT energy saving. 
3 Possible way forward

To solve the above problems, GERAN could investigate alternative ways to support inter-RAT energy saving and, from the sourcing companies’ view, the study should further consider the following aspects:

1. To separate different scenarios.

The current deployment of multiple RATs varies among different operators. Some RATs overlay uniformly while others are just overlapped without any rule. The latter case would cause the complexity of neighbour cell relationship and increase the difficulty for the network to make activation/deactivation decisions, e.g. in case LTE is deployed as hotspots (which are initially deactivated) and when the load of the GSM macro cell increases there would be multiple LTE cells nearby and the network may not be able to determine the LTE cell to activate. In the former (overlay uniformly) case, the neighbour cell relationship is simple and it is easier to find the target cell to activate/deactivate.
Therefore it is suggested to start from the simpler case, i.e. multi-RAT cells overlay uniformly. After completing the study on this case, the study can be extended to the overlapping case.
Proposal 1: uniform overlay coverage of different RATs takes highest priority in the study.

2. To define the backup RAT

Current network deployment allows multi-RAT coexistence, and there are three cases that are related to GERAN deployment, i.e. GERAN/UTRAN, GERAN/E-UTRAN and GERAN/UTRAN/E-UTRAN. When inter-RAT ES is triggered, which RAT is maintained as the backup coverage should be defined.
It should be noted that so far all H2H mobiles are backward compatible, i.e. mobiles supporting 3G/LTE always support 2G and 2G is widely deployed around the world. In addition, there are still a considerable number of GSM-only mobiles in use today. Due to this large penetration of legacy mobiles, GERAN can be considered as the backup coverage in the three deployment cases listed above.
On the other hand there are some new types of devices entering the market, e.g. M2M devices. These devices may only support a single RAT, e.g. UMTS-only or LTE-only. In this case if the backup RAT is GERAN, these devices can not have services during the deactivation period of UMTS/LTE. However, these devices are predominantly delay tolerant and do not have strict service requirements compared to H2H mobiles. Consequently, GERAN can still be argued as the backup coverage even though single-RAT non-GSM devices exist.
Proposal 2: GERAN should be assumed as the backup RAT when coexisting with UTRAN and/or E-UTRAN.

3. To define the conditions and procedures of triggering cell deactivation/activation.
As mentioned in Section 2, the cell load is not sufficient to support the decision of inter-RAT cell activation/deactivation. The service related parameters, e.g. QoS requirement and user priority, need to be taken into consideration. 
In addition some radio access network specific information need to be delivered between different RATs to help the decision of activation/deactivation, e.g. the load information and service status. 
Therefore it is suggested to further discuss how to trigger cell deactivation/activation with minimum impact on user experience and network performance based on the above two proposals.

4 Conclusion
To make the inter-RAT energy saving feasible, it is proposed to kick-off the related discussion in GERAN as suggested in Section 3.
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