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1
Decision/action requested

The group is asked to discuss and approve with the proposal.
2
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3
Rationale

This contribution proposes uas cases of energy saving that are aligned with the ES functions described in clause 5.6 TR 37.816 [2] to TR 28.861 [1].
3
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5
Use cases
5.17
Energy Saving
5.17.1
General
The objective of energy saving is to lower OPEX for mobile operators, through the reduction of power consumption in the mobile networks that is becoming more urgent and challenging, as there are much more network elements in NR (e.g., small cells with massive MIMO in higher frequency bands) than those used in LTE (TR 27.816 [12], TS 38.300  [13]). One typical scenario of energy saving is to switch off capacity boosters when the traffic demand is low, and re-activated them on a need basis (see clause 5.6 in TR 37.816 [12]). 

The energy saving consists of two scenarios – intra-RAT energy saving and inter-RAT energy saving, as defined in TS 32.551 [10]. Each scenario can be further composed of centralized energy saving and distributed energy saving [12].
5.17.2
Intra-RAT energy saving
5.17.2.1
Introduction
Intra-RAT energy saving (ES) consists of distributed energy saving – intra-RAT D-ES where the energy saving decision is made in the NR cells with OAM assist to provide relevant information, such as policies, and centralized energy saving – intra-RAT C-ES where the energy saving decision is made in OAM (see clause 15.4 in TS 38.300 [13]). A NR capacity booster cell can only enter energy saving mode, if its traffic load can be taken over by the candidate cells.

Figure 5.17.2.1-1 shows the intra-RAT cell overlaid scenario, where 
· NR micro cell #1 is fully overlaid by NR macro cell #A,

· NR micro cell #2 is partially overlaid by multiple macro NR macro cell #A and #B, 
· NR micro cell #3 is not overlaid at all. 
This cell overlaid relation needs to be configured in NR cells.
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Figure 5.17.2.1-1 Intra-RAT cells overlaid
5.17.2.2
Distributed intra-RAT energy saving
Energy saving activation:
1.  The intra-RAT D-ES management function configures the cell overlaid relations for NR capacity booster cells, and macro cells.

2.  The intra-RAT D-ES management function configures the ES policy that includes the thresholds for the energy saving activation and deactivation for NR capacity booster cells and candidate cells.

3. The intra-RAT D-ES management function enables the intra-RAT D-ES function for a NR capacity booster cell.

4. The intra-RAT D-ES function makes decision for a NR capacity booster cell to enter the energy saving mode based on the cell traffic load information (see clause 15.4.2 in TS 38.300 [13]).
5. The intra-RAT D-ES function finds one or more candidate cells in the cell overlaid relation that can carry the traffic for the NR capacity booster cell in the energy saving mode.
6. The intra-RAT D-ES function:

· Ask the NR capacity booster cell to enter the energy saving mode.

NOTE: The NR capacity booster cell may initiate handover actions to off-load its traffic to the candidate cells, before activating the energy saving mode (see clause 15.4.2 in TS 38.300 [13]).
· Send a notification to the intra-RAT D-ES management function indicating the energy saving mode of the NR capacity booster cell has been activated.  
Energy saving deactivation:
1. The intra-RAT D-ES function monitors the traffic load on the candidate cells and decides to re-activate the NR capacity booster cell when it detects additional capacity is needed (see clause 15.4.2 in TS 38.300 [13]).
2. The intra-RAT D-ES function sends a notification to the intra-RAT D-ES management function indicating the energy saving mode of the NR capacity booster cell has been deactivated.
3. After the NR capacity booster cell has been re-activated, the intra-RAT D-ES function sends a notification to the intra-RAT D-ES management function indicating the re-activation of the NR capacity booster cell.
5.17.2.3
Centralized intra-RAT energy saving
It is assumed that intra-RAT C-ES function has been enables, and has received the cell overlaid relations and ES policies for NR capacity booster cell and macro cells.
Energy saving activation:
1.  The intra-RAT C-ES function collects the traffic load performance measurements from the NR capacity booster cell and candidate cells.

2.
The intra-RAT C-ES function analyzes the traffic load performance measurements decides that a NR capacity booster cell should enter the energy saving mode. 

3. The intra-RAT C-ES function requests the NR capacity booster cell to enter the energy saving mode.
4. The NR capacity booster cell may initiate handover actions to off-load the traffic to the neighboring cells (see clause 15.4.2 in TS 38.300 [13]) prior to entering into the energy saving mode, and then sends a response to the intra-RAT C-ES function indicating it is in the energy saving mode.
5. The intra-RAT C-ES function sends a notification to the consumer indicating the NR capacity booster is in the energy saving mode.
Energy saving deactivation

1. The intra-RAT C-ES function collects the traffic load performance measurements from the candidate cell(s) that are backing up the NR capacity booster cell. 

2. The intra-RAT C-ES function monitors the traffic load on the candidate cells, and decides to re-activate the NR capacity booster cell if it detects that the capacity is needed (see clause 15.4.2 in TS 38.300 [13]).
3. The intra-RAT C-ES function sends a notification to the consumer indicating the NR capacity booster is not in the energy saving mode.
5.17.3
Inter-RAT energy saving 

5.17.3.1
Introduction

Inter-RAT energy saving focuses on a scenario where the LTE eNB provides basic coverage, with the gNB providing the capacity booster that can be switched off, based on its own cell load information or by O&M. The LTE eNB is allowed to activate the dormant capacity booster NR cell (see clause 5.6 in TR 37.816 [12]).
Inter-RAT energy saving consists of distributed energy saving – inter-RAT D-ES where the energy saving decision is made in the NR cells with OAM assist to provide relevant informaction, or centralized energy saving where the energy saving decision is made in inter-RAT C-ES function. A NR capacity booster cell can only enter the energy saving mode, if its traffic load can be taken over by the candidate cells. 
Figure 5.17.3.1-1 shows the intra-RAT cell overlaid scenario, where 

· NR cell #1 is fully overlaid by LTE macro cell #A,

· NR cell #2 is partially overlaid by multiple macro LTE macro cell #A and #B, 

· NR cell #3 is not overlaid at all. 
This cell overlaid relation needs to be configured in NR cells.
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Figure 5.17.3.1-1 Inter-RAT cells overlaid
5.17.3.2
Distributed inter-RAT energy saving

Energy saving activation:

1.  The inter-RAT D-ES management function configures the cell overlaid relations for NR capacity booster cells, and LTE macro cells.

2.  The inter-RAT D-ES management function configures the ES policy that includes the thresholds for the energy saving activation and deactivation for NR capacity booster cells and candidate cells.

3. The inter-RAT D-ES management function enables the intra-RAT D-ES function for a NR capacity booster cell.

4.  The inter-RAT D-ES function makes decision for a NR capacity booster cell to enter the energy saving mode if it detects that the capacity is no longer needed (see clause 5.6.1 in TR 37.861 [12]).

5. The inter-RAT D-ES function finds one or more candidate cells in the cell overlaid relation that can carry the traffic for the NR capacity booster cell in the energy saving mode.

6. The inter-RAT D-ES function:

· Ask the NR capacity booster cell to enter the energy saving mode.

NOTE: The NR capacity booster cell may initiate handover actions to off-load its traffic to the dandidate cells, before activating the energy saving mode (see clause 15.4.2 in TS 38.300 [13]).

· Send a notification to the inter-RAT D-ES management function indicating the energy saving mode of the NR capacity booster cell has been activated.  

Energy saving deactivation:

1.  The inter-RAT D-ES function monitors the traffic load on the candidate cells, and decides to re-activate the NR capacity booster cell if it detects that the capacity is needed (see clause 5.6.1 in TR 37.861 [12]).

2. The inter-RAT D-ES function sends a notification to the intra-RAT D-ES management function indicating the energy saving mode of the NR capacity booster cell has been deactivated.
3. After the NR capacity booster cell has been re-activated, the inter-RAT D-ES function sends a notification to the inter-RAT D-ES management function indicating the re-activation of the NR capacity booster cell.
5.17.3.3
Centralized inter-RAT energy saving
It is assumed that intra-RAT C-ES function has been enables, and has received the cell overlaid relations and ES policies for NR capacity booster cell and macro cells.

Energy saving activation:
1.  The inter-RAT C-ES function collects the traffic load performance measurements from the NR capacity booster cell and candidate cells.

2.
The inter-RAT C-ES function analyzes the traffic load performance measurements decides that a NR capacity booster cell should enter the energy saving mode. 

3. The inter-RAT C-ES function requests the NR capacity booster cell to enter the energy saving mode.

4. The NR capacity booster cell may initiate handover actions to off-load the traffic to the neighboring cells (see clause 15.4.2 in TS 38.300 [13]) prior to entering into the energy saving mode, and then sends a response to the inter-RAT C-ES function indicating it is in the energy saving mode.
5. The inter-RAT C-ES function sends a notification to the consumer indicating the NR capacity booster is in the energy saving mode.

Energy saving deactivation

1. The inter-RAT C-ES function collects the traffic load performance measurements from the candidate cell(s) that are backing up the NR capacity booster cell. 

2. The inter-RAT C-ES function monitors the traffic load on the candidate cells, and decides to re-activate the NR capacity booster cell if it detects that the capacity is needed (see clause 15.4.2 in TS 38.300 [13]).

3. The inter-RAT C-ES function sends a notification to the consumer indicating the NR capacity booster is not in the energy saving mode.
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6
Potential requirements
6.17
Energy Saving Management
REQ-ESM-1 The intra-RAT D-ES and inter-RAT D-ES management functions should have the capability to configure the cell overlaid relations, and energy saving policies, and to enable or disable the function for a NR capacity booster cell to enter energy saving mode.
REQ- ESM-2 The intra-RAT D-ES function should have the capability to send notifications to the intra-RAT D-ES management function to indicate the energy saving mode has been activated or deactivated in the NR capacity booster cell. 
REQ- ESM-3 The intra-RAT C-ES should have the capability to collect the traffic load performance measurements of NR capacity booster and macro cells.
REQ- ESM-4 The intra-RAT C-ES should have the capability to request the NR capacity booster cell to enter the energy saving mode.

REQ- ESM-5 The intra-RAT C-ES should have the capability to activate the energy saving mode of the NR capacity booster cell after receiving a confirmation to do so.
REQ- ESM-6 The intra-RAT C-ES should have the capability to deactivate the energy saving mode of a NR capacity booster cell.
REQ- ESM-7 The inter-RAT D-ES function should have the capability to send notifications to the inter-RAT D-ES management function to indicate the energy saving mode has been activated or deactivated in the NR capacity booster cell.
REQ- ESM-8 The inter-RAT C-ES should have the capability to collect the traffic load performance measurements of NR capacity booster and LTE macro cells.

REQ- ESM-9 The inter-RAT C-ES should have the capability to request the NR capacity booster cell to enter the energy saving mode.

REQ- ESM-10 The inter-RAT C-ES should have the capability to activate the energy saving mode of the NR capacity booster cell after receiving a confirmation to do so.
REQ- ESM-11 The inter-RAT C-ES should have the capability to deactivate the energy saving mode of a NR capacity booster cell.
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