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Introduction
One of the use cases prioritised for the “RAN centric data collection and utilization for LTE and NR” SI is focussing on Energy Saving solutions. Release 15 already addressed the issue of cell management and introduced mechanisms within the NG-RAN to manage the activation, deactivation, move to operation and out-of-operation of cells served by an eNB or gNB that are part of the NG RAN.  In legacy LTE such mechanisms of cell management are already present. In this paper, we look at the progress made so far on Energy Saving and we derive ways forward on the topic.
[bookmark: _Ref178064866]Discussion
Status Quo in EUTRAN and NG-RAN
In Rel15 the topic of cell management was treated and 2 levels of management for NR and LTE cells that are part of an NG RAN were agreed. 

One level of management is via the “Active” and “Inactive” states. This is controlled by a gNB-CU and it is signalled between RAN nodes to allow for Energy Saving by deactivation of booster cells.
The second level of management is via the “in-service” and “out-of-service” state that is handled by the gNB-DU and that allows to communicate when a cell moves into operation/out of operation, once it has been activated/deactivated.

A detailed description of such processes is explained in TS38.401. However, we would like to highlight new use cases that may need further investigations and study in the RAN2 meeting.

Use cases
During discussions on possible further use cases centred around energy saving, it has been mentioned during email discussions that inter system solutions should be considered and developed. With that respect it should be noted that a UE can connect to a “system” only if it has the right capabilities to communicate in that system. In other words, one should not assume that, in presence of both EUTRAN and NG-RAN coverage layers, one of the layers can be switched off so that the UEs previously connected to that system can be “absorbed” by the other system.

It should not be assumed that at switch off of a cell in one of the E-UTRAN or NG-RAN layer, UEs served by that cell can be served by the other available layer

It is in fact evident that UEs that are able to connect to the EPC only will not be able to be served by the NG-RAN layer, while UEs that are able to connect to the 5GC only will not be served by the EUTRAN layer.

Similarly, it should be considered that it is rather probable that the EUTRAN and NG-RAN deployments will use different frequencies/bands. Not all UEs in the network will support the same frequencies and bands. Roaming UEs for example may support only specific bands, making even more difficult to switch off “system layers”. 

With respect to the specific case of inter system cell switch off, one should reflect on the fact that such scenario is equivalent to the one where GSM and UMTS have overlapping coverage. GSM and UMTS are two different systems, requiring UEs to have different capabilities to connect to one or another. For this reason, GSM and UMTS coverage has been kept omni-present, i.e. Energy Saving solutions aimed at switching off cells of one of these systems, in the presence of both overlapping layers have not been pursued in the past. This is because such actions would leave a coverage hole in one of the RAT coverage. 

In the presence of coverage from both the EUTRAN and NG-RAN systems, the coverage of each systems should not be altered by energy saving actions, in order to avoid that UEs able to access only one of the systems are left without coverage.

On a more general view, it appears that Energy Saving solutions so far agreed are rather mature when compared to the level of specification of the 5G system.  We think evaluation of the benefit of further enhancements to the so far agreed solutions is required before determining whether any further changes to the specifications.

The existing Energy Saving solutions for EUTRAN and NG-RAN are mature and detailed. A quantified estimation of benefits provided by enhanced energy saving solutions should be provided before deciding whether to pursue any enhancements to the existing baseline.

We therefore propose that, before considering whether any further enhancements are studied for the purpose of Energy saving, the following questions being addressed:

1)  Is it possible to have UEs able to connect to EUTRAN or to the NG-RAN only? If yes, then any energy saving solution aimed at turning off coverage layer cells of one of the EUTRAN or NG-RAN systems would imply the risk of leaving UEs out of coverage
2) Is it possible to have UEs supporting only some EUTRAN/NG-RAN frequencies/bands? If yes, then turning off coverage layer cells of one of the EUTRAN/NG-RAN systems would imply the risk of leaving UEs out of coverage
3) What is a quantified benefit in terms of energy efficiency of any new suggested enhancements to the existing Energy Saving solution?  



It is proposed to deduce conclusions from the answers of the following questions, for proposals to enhance the current energy saving solution:
1)  Is it possible to have UEs able to connect to EUTRAN or to the NG-RAN only? If yes, then any energy saving solution aimed at turning off coverage layer cells of one of the EUTRAN or NG-RAN systems would imply the risk of leaving UEs out of coverage
2) Is it possible to have UEs supporting only some EUTRAN/NG-RAN frequencies/bands? If yes, then turning off coverage layer cells of one of the EUTRAN/NG-RAN systems would imply the risk of leaving UEs out of coverage
3) What is a quantified benefit in terms of energy efficiency of any new suggested enhancements to the existing Energy Saving solution?  
Conclusion
 In this paper, the case of inter system cell switch off for energy saving purposes was analysed and the following Observations were made:

1. It should not be assumed that at switch off of a cell in one of the E-UTRAN or NG-RAN layer, UEs served by that cell can be served by the other available layer

1. In the presence of coverage from both the EUTRAN and NG-RAN systems, the coverage of each systems should not be altered by energy saving actions, in order to avoid that UEs able to access only one of the systems are left without coverage.

The existing Energy Saving solutions for EUTRAN and NG-RAN are mature and detailed. A quantified estimation of benefits provided by enhanced energy saving solutions should be provided before deciding whether to pursue any enhancements to the existing baseline.


It is suggested to agree to the following proposal:

1. It is proposed to deduce conclusions from the answers of the following questions, for proposals to enhance the current energy saving solution:
1)  Is it possible to have UEs able to connect to EUTRAN or to the NG-RAN only? If yes, then any energy saving solution aimed at turning off coverage layer cells of one of the EUTRAN or NG-RAN systems would imply the risk of leaving UEs out of coverage
2) Is it possible to have UEs supporting only some EUTRAN/NG-RAN frequencies/bands? If yes, then turning off coverage layer cells of one of the EUTRAN/NG-RAN systems would imply the risk of leaving UEs out of coverage
3) What is a quantified benefit in terms of energy efficiency of any new suggested enhancements to the existing Energy Saving solution?  
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