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Abstract of the contribution: This contribution proposes system enhancements for energy efficient node utilization through load re-balancing.

1. Introduction

At SA2#83 it has been agree to study the scenario of Energy efficient node utilization through load re-distribution during off-peak times” (Scenario 2) as part of the ENER or SEEE Study.

Energy efficient node utilization through load re-distribution involves the following basic steps:

1. Decision to switch unnecessary core network nodes to energy conservation mode: This can be controlled/triggered via the operator’s O&M system. 

2. Adjustment of the node selection: This ensures that a node which has been selected for suspension mode will not be considered by the node selection function until further notice.

3. Re-distribution of load: This involves execution of load re-distribution procedures, which allows a node in suspension mode to shift its load to one or more alternative nodes that run in normal mode.

4. Switch to energy conservation mode: Once the load of a node in suspension mode has been re-distributed, the node can be switched to energy conservation mode.

2. Proposal

This contribution proposes to capture these basic steps along with a high-level description of how node selection and re-distribution function can be enhanced for the purpose of energy efficiency in Section 5.2 of TR 23.866.
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Second Change
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.
Energy conservation mode: an operational state, subject to implementation, of an EPC node with reduced capacity (e.g. in terms of number of users to be handled) or performance (e.g. in terms of data rate for user plane handling), requiring less power than in normal operational state. Subject to implementation, a node in energy conservation mode may reduce its capacity/performance to zero.

Suspension mode: an operational state of an EPC node where load needs to be reduced (by re-distribution to alternative nodes). While in suspension mode, this node will not be selected to handle further users. In the context of this technical report, suspension mode is used to enable load redistribution for energy saving reasons.

Second Change
5.2
Scenario: Energy efficient node utilization through load re-distribution during off-peak times

5.2.1
Scenario description

In this deployment scenario it is assumed that the operator has configured pools of MMEs and/or S-GWs to serve the EUTRAN. These resource pools are typically dimensioned for peak loads. This means that the number of user plane gateways (e.g. S-GW and P-GW) and control plane entities (e.g. MME) deployed and operated are dimensioned according to the maximum number of UEs and their traffic demand.

However, given that most of the time, the load in the network is far from the dimensioned peak rate, plus the fact that during certain times (e.g. night hours), the network load is rather low, operators can expect significant energy saving opportunities through switching unnecessary core network resources/nodes to energy conservation mode when they are not needed. 

5.2.2
System enhancements

In order to allow energy savings by switching unnecessary core network resources/nodes to energy conservation mode during off-peak times, load re-distribution mechanisms are needed that allow the network to move users/sessions from underutilized core network nodes (e.g. P-GW, S-GW, MME) to other nodes.
5.2.2.1 
General

Energy efficient node utilization through load re-distribution can be controlled via O&M. It involves the following basic steps:

5. Decision to switch unnecessary core network nodes to energy conservation mode: This can be controlled/triggered via the operator’s O&M system. 

6. Adjustment of the node selection: This ensures that a node which has been selected for suspension mode will not be considered by the node selection function until further notice.

7. Re-distribution of load: This involves execution of load re-distribution procedures, which allows a node in suspension mode to shift its load to one or more alternative nodes that run in normal mode.

8. Switch to energy conservation mode: Once the load of a node in suspension mode has been re-distributed, the node can be switched to energy conservation mode.

5.2.2.2
Node Selection Adjustment Procedures
5.2.2.2.1
Serving GW and PDN GW Selection

In the EPS, the MME is responsible for the S-GW and P-GW selection. These selection functions can be adjusted in the following ways:

a. Through direct control of the MME’s selection function through O&M.
b. Based on DNS: the DNS response can reflect the node status (i.e. normal mode or suspension mode) of the S-GW / P-GW allowing the MME to select, without any functional modifications, a S-GW / P-GW that operates in normal mode.

5.2.2.3
Load Redistribution Procedures

5.2.2.3.1
Serving GW

Once a Serving GW has been selected for suspension mode, the following behaviour is expected:

· For idle mode UEs connected to that S-GW, the MME will execute the Tracking Area Update procedure with Serving GW change (according to clause 5.3.3.1 of 3GPP TS 23.401 [y]) – i.e. UEs will be moved to another S-GW that operates in normal mode.
Editor’s Note: The handling of active mode UEs is FFS.

5.2.2.3.2
PDN GW

Once a PDN GW has been selected for suspension mode, the following behaviour is expected:

· For idle mode UEs connected to that P-GW, the MME will deactivate in a scheduled manner the impacted PDN connections indicating "reactivation requested" as specified in clause 5.10.3 of 3GPP TS 23.401 [y]. If all of the PDN connections of a UE need to be relocated, the MME may initiate the "explicit detach with reattach required" procedure as specified in clause 5.3.8.3 of 3GPP TS 23.401 [y] – i.e. UEs will be moved to another P-GW that operators in normal mode.

Editor’s Note: The handling of active mode UEs is FFS.

5.2.2.3.3
MME

Once a MME has been selected for suspension mode, the following behaviour is expected:

· The MME notifies all eNBs in the service area about its mode change. 

· For idle mode UEs served by that MME, an eNB will redirect any subsequent Tracking Area Updates to another MME running in normal mode based on existing eNB procedures. The target MME will then execute the default Tracking Area Update procedure with MME change (according to clause 5.3.3 of 3GPP TS 23.401 [y]).
Editor’s Note: The handling of active mode UEs is FFS.
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