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Introduction

It was agreed in RAN3#98 meeting that for energy saving in EN-DC, the RNL-based triggers should be used and the corresponding stage2 and stage3 are finalized. And in NR stage3 specifications, there are some places to describe the energy saving, but seems incomplete. In this paper, we try to draw the full picture of R15 energy saving and analyze the possible standard impacts on stage2 and stage3.
Discussion

2.1 Energy Savings requirement and benefit

The telecommunications industry is spreading all over the world, operators are seeking for a better way to expand market shares while decrease the costs in maintaining and operating the network. Base stations work as the large energy consumption equipments, which is the key to energy savings. At the same time, more and more people are paying attention to the electromagnetic radiation pollution of the base station. During the network running, if the RAN can control the carrier frequency power automatically according to the current load situation, e.g. day-night load differences in downtown areas. The purpose of energy savings and environmental protection can be achieved by software upgrade without any hardware changes. The same requirement exists for NR system.
In UMTS and LTE, RAN node energy saving can be achieved by cell switch on/off according to cell load from R9. Similar as in LTE in [1], 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 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 LTE mechanism is:

- The eNB owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state).

- 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.

- 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.

- Energy saving was supported in both inter-eNB and Inter-RAT cases.

2.2 Possible impact on RAN3 specifications

If  the above requirement confirmed to be supported in R15, we propose to support NR energy saving for both inter-NG RAN node and MR-DC cases.

Proposal1: Support RNL-based energy saving for both inter-NG RAN node and MR-DC cases in R15.

The possible impact on RAN3 specifications are listed as below:

Xn interface

The stage2 description for energy saving function for Xn interface has already been captured in TS38.420.

- Both for SA and NSA case, the Cell Activation procedure has already been introduced over Xn.

- The “switch off ongoing” has already been introduced, which needs to be set as the cause value for handover request which can be used by the neighbouring node not to hanover other UEs to this cell which is prepared to enter into dormant mode soon.

- The “Deactivation Indication” has already been introduced in the Served Cells To Modify NR IE in the NG-RAN node Configuration Update procedure, and indicated for energy saving purpose. However, the E-UTRA cell which connexts to 5GC also has the possibility to be deployed as hot spot cell, the “Deactivation Indication” needs to be introduced in the Served Cells To Modify E-UTRA IE in the NG-RAN node Configuration Update procedure as well.

Proposal2: The “Deactivation Indication” needs to be introduced in the Served Cells To Modify E-UTRA IE in the NG-RAN node Configuration Update procedure over Xn interface in TS38.423.

F1 interface

When the gNB-CU decides to make cells in the gNB-DU to enter into dormant mode, the gNB-CU will send the GNB-CU CONFIGURATION UPDATE message to the gNB-DU with the Cells to be Deactivated List IE. Then the cell enters into dormant mode as inacitve.

During the switch off period, the gNB-CU may offload the UEs to other DU or gNB, at the same time, the gNB-CU should not accept incoming UEs towards this switch off ongoing cell.

When the gNB-CU decides to activate the dormant cell, it will trigger the GNB-CU CONFIGURATION UPDATE message to the gNB-DU with the Cells to be Activated List IE.

On our understanding, the energy saving function was completed in stage3 TS38.473. While for stage2 TS of F1 interface, the “energy saving function” was missing in TS38.470.

Proposal3: The “energy saving function” was missing in TS38.470.

E1 interface

In the case of CP-UP seperation, when the gNB-CU-CP receives the “inacitve” status of the cell in the gNB-DU, the gNB-CU-CP shall inform this to the gNB-CU-UP as well, the gNB-CU-UP shall release all the UP resources for this cell. On the other hand, after the cell has been re-activated successfully, the gNB-CU-CP shall inform the gNB-CU-UP correspondingly.

The gNB-CU-CP Configuration Update procedure can be used for above purpose.

Proposal4: The The gNB-CU-CP Configuration Update procedure can be used to inform the gNB-CU-UP about the cell status in TS38.463.

Proposal5: The “energy saving function” was missing in TS38.460.

Stage2 description for energy saving function

In TS36.300, there has the seperate section for energy saving in section 22.4.4, but no stage2 description for energy saving function for TS38.300.

Proposal6: Add Stage2 text for energy saving for TS38.300 in R15 in order to avoid the misalignment among NR specifications.

Conclusion and Proposal
Here we propose:

Proposal1: Support RNL-based energy saving for both inter-NG RAN node and MR-DC cases in R15.

Proposal2: The “Deactivation Indication” needs to be introduced in the Served Cells To Modify E-UTRA IE in the NG-RAN node Configuration Update procedure over Xn interface in TS38.423.

Proposal3: The “energy saving function” was missing in TS38.470.

Proposal4: The The gNB-CU-CP Configuration Update procedure can be used to inform the gNB-CU-UP about the cell status in TS38.463.

Proposal5: The “energy saving function” was missing in TS38.460.

Proposal6: Add Stage2 text for energy saving for TS38.300 in R15 in order to avoid the misalignment among NR specifications.
The corresponding TPs/CRs are provided in [2][3][4][5][6].
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