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1. Introduction
At RAN3#97 there was some initial discussion on the possibility of having an energy saving option in EN-DC [1].

This contribution suggest that this may be done by extending the existing energy saving feature to EN-DC, and proposes stage 2 text for this feature.
2. Energy saving for EN-DC
The potential requirement for energy saving in the en-gNB was mentioned in [1].
The basic LTE energy saving feature (as of release 9) seems a good fit to the general requirement: enabling the en-gNB to switch unused cells automatically, informing eNBs over X2, and enabling the same eNBs to request reactivation. In fact, since the en-gNB supports DC operation only, there is a functional match with this feature – as EN-DC essentially provides capacity boosting facilitated by NR and the presence of NR-supporting UEs.
In principle, all the supporting elements can be provided as part of the X2 enhancements EN-DC. It can be questioned whether feature support is essential either in the December drop of TS 36.423 or even in release 15. However, either seem possible if the impact is small.

Considering the impact in detail, we can list:

· The need for a EN-DC Cell Activation procedure. Although the existing procedure could be reused in theory, it seems much easier to define a new procedure targeted at the activation of NR cells in an en-gNB (avoid handling of legacy mandatory IEs). This is not a complex task.

· The need for an optional Deactivation Indication IE in the Served cells in the X2 EN-GNB CONFIGURATION UPDATE message (yet to be defined anyway, so this is a small addition).

Otherwise the Cause “Switch-off Ongoing” is quite general and could be used for actions related to the switch-off by the en-gNB, if appropriate (for example, the en-gNB could initiate a SgNB change or SgNB Release).
From the above we can see that there is overall a small standards impact, while the feature could be interesting for operators. Hence it is proposed to consider its adoption in release 15, and possibly in the December drop (although this could be subject to time, i.e., fundamental functionality must have priority).

A stage 2 text proposal is provided in the next section. As indicated above, stage 3 should be simple.
Therefore, the overall proposal is

Proposal: Support EN-DC Energy Saving in release 15, and possibly in the December drop (subject to time and with low priority).
3. Text Proposal for TS 36.300
********* Start of Change **********
20.2.2.X
EN-DC Cell Activation procedure

The purpose of the EN-DC Cell Activation procedure is to enable an eNB to send a EN-DC CELL ACTIVATION REQUEST message to an en-gNB to request the re-activation of one or more NR cells, controlled by the en-gNB and which had been previously indicated as dormant.
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Figure 20.2.2.X-1: EN-DC Cell Activation procedure

********* Next Change **********
22.4.4
Support for Energy Saving

22.4.4.1
General

The aim of this function is to reduce operational expenses through energy savings.
The function allows, for example in a deployment where capacity boosters can be distinguished from cells providing basic coverage, to optimize energy consumption enabling the possibility for a E-UTRA or NR cell providing additional capacity via single or dual connectivity, to be switched off when its capacity is no longer needed and to be re-activated on a need basis. The basic coverage may be provided by E-UTRAN, UTRAN or GERAN cells.

22.4.4.2
Solution description

The solution builds upon the possibility for the eNB owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M.

The eNB may initiate handover actions in order to off-load the cell being switched off and may indicate the reason for handover with an appropriate cause value to support the target node in taking subsequent actions, e.g. when selecting the target cell for subsequent handovers.
All peer eNBs are informed by the eNB owning the concerned cell about the switch-off actions over the X2 interface, by means of the eNB Configuration Update procedure. The eNB indicates the switch-off action to a GERAN and/or UTRAN node by means of the eNB Direct Information Transfer procedure over S1.

All informed nodes maintain the cell configuration data, e.g., neighbour relationship configuration, also when a certain cell is dormant. If basic coverage is ensured by E-UTRAN cells, eNBs owning non-capacity boosting cells may request a re-activation over the X2 interface if capacity needs in such cells demand to do so. This is achieved via the Cell Activation procedure. If basic coverage is ensured by UTRAN or GERAN cells, the eNB owning the capacity booster cell may receive a re-activation request from a GERAN or UTRAN node by means of the MME Direct Information Transfer procedure over S1. The eNB owning the capacity booster cell may also receive from the sending GERAN or UTRAN node the minimum time before that cell switches off; during this time, the same eNB may prevent idle mode UEs from camping on the cell and may prevent incoming handovers to the same cell.

The eNB owning the dormant cell should normally obey a request. The switch-on decision may also be taken by O&M. All peer eNBs are informed by the eNB owning the concerned cell about the re-activation by an indication on the X2 interface. The eNB indicates the re-activation action to a GERAN and/or UTRAN node by means of the eNB Direct Information Transfer procedure over S1. The eNB owning the concerned cell may choose to delay or not to send indication(s) if the sending GERAN or UTRAN node has included the minimum activation time in the re-activation request.
The above solution also applies to an en-gNB supporting EN-DC operation as follows:

· The en-gNB may autonomously decide to switch-off NR cells to lower energy consumption. MeNBs are informed by the en-gNB owning the concerned cell about the switch-off actions over the X2 interface, by means of the EN-DC Configuration Update procedure (procedure name is FFS).
· The en-gNB may initiate dual connectivity procedures towards the MeNB in order to off-load the cell being switched off, and may indicate the reason for release or modification with an appropriate cause value to support the master node in taking subsequent actions.
· The MeNB may request a re-activation over the X2 interface if capacity needs demand to do so. This is achieved via the EN-DC Cell Activation procedure. The en-gNB owning the dormant NR cell should normally obey a request. The switch-on decision may also be taken by O&M. All peer eNBs are informed by the en-gNB owning the concerned NR cell about the re-activation by an indication on the X2 interface
********* End of Change **********
4. Conclusions

This contribution has discussed the possible adoption of energy saving for NR cells in EN-DC and proposes the following:

Proposal: Support EN-DC Energy Saving in release 15, and possibly in the December drop (subject to time and with low priority).

A stage 2 text proposal is provided, and it is envisaged that stage 3 should be straightforward.
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