3GPP TSG-RAN WG3 Meeting #118
R3-226584
Toulouse, France, 14th – 18th Nov 2022
Agenda item:
24.2
Source:
Samsung
Title:
Discussion on network energy saving
Document for:
Discussion & Decision
1 Introduction

RAN#96 has agreed to study techniques to improve the network energy savings in terms of both BS transmission and reception as RP-221443.
In RAN3 117bis-e meeting, the following agreements have been made and there are several open issues for further discussion:

Cell DTX/DRX

The inter-node exchange of the cell DTX/DRX (if defined by RAN1/RAN2) is considered necessary.  

Cell NES states

WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups. 

Enhanced cell on/off

RAN3 considers that inter-node beam activation is needed, i.e. to request a neighbouring NG-RAN node to switch on beam(s) which has been deactivated.   
To be continued at the next meeting, taking into account of progress in RAN1/RAN2: 

· Further work on cell DTX/DRX, if possible

· work on the pCR for the inter-node beam activation
· the increased autonomy in the DU for energy saving; measurement relaxation; paging enhancements; handover enhancement; RRC inactive enhancement; etc.  

In the paper we discuss the potential techniques for network energy saving. 

2 Discussion
Increased autonomy in the DU

Whether DU can set the energy saving strategy autonomously is the main controversial issue. As the gNB CU has more information such as the resource status of neighbor node, if the gNB DU decides to go to energy saving state based on DU local information, the remaining UEs maybe can not be handed over to other cells due to saturated load of neighbor cells, or local overload of neighbors may happen. Thus it is more suitable to keep the gNB CU responsibility for energy saving strategy setting. As RAN1 and RAN2 are discussing how to save the energy via Layer 1/Layer 2 techniques, gNB DU has the detailed information, which is the advantage of DU over CU. So gNB DU may decide and send the preferred energy saving strategy to gNB CU based on DU local knowledge, and then gNB CU can confirm or reject the strategy from the CU perspective. In such way, it realize the tradeoff between autonomy of DU and the control of CU. 
Proposal 1: The final energy saving strategy can be set by gNB CU based on the preferred strategy received from gNB DU.

Paging enhancements

The current paging scheme is to send paging information in every beams until the paging is successful. For low mobility or stationary UEs, the locations for them are nearly unchanged with short time into RRC inactive/idle states. So there is high possibility to page them successfully with the corresponding beam based on the previous location info. It can effectively reduce the energy consumption due to multiple paging attempts. However, when UE goes to inactive/idle states, gNB DU would release the UE context. There is no stored information to provide reference to reduce the number of paging attempts. Hence, enhancement is required to reduce the energy consumption for paging attempts.
For the UE in inactive state, gNB DU can provide the location info (e.g. beam info) to gNB CU when releasing the UE context. After UE falling into the inactive state, if paging is required, gNB CU can send the paging message with the location info. And then, gNB DU pages the UE via the beam based on received location info.  The similar scheme can be applied for UE in idle state. When releasing the UE context, RAN can offer such location info to AMF. And then, when paging, AMF can send the paging message along with the location info. gNB or gNB DU can page UE via the corresponding beam.
With such scheme, the paging may be successful through one attempt. It effectively reduces the energy consumption for paging via all beams. It can be foreseen that there is spec impact for F1 and NG.
Proposal 2: Paging enhancement can be one of the topics for network energy saving. 
Proposal 3: Beam identity of low mobility or stationary UEs can be transferred via F1 and NG to provide reference info for paging enhancement. 

Handover enhancement

It refers to the scenario that target node is in energy saving state when the handover is required. There are two ways to solves issue for this scenario:
· Option1: gNB exchanges the energy states with neighbors. When handover is required and the potential target node is in energy saving state, the gNB can request to activate the target node. After activation, the handover can be done via legacy handover procedure.
· Option2: the source node has no knowledge of the energy state in target node. Handover procedure is triggered by source node. The target node can set the handover time for the UE.
In the existing mechanism, the node exchanges the energy saving state with neighbors via configuration update procedure, and if required, the neighbor node can activate the energy saving cell. Option1 follows the same procedure as the legacy cell-level energy saving. In addition, all neighbor nodes can get such information, instead of the handover initialized node knows only as option2. So the neighbor nodes can prepare the handover based on it. Exchange of energy state is more efficient.
For option2, in legacy mechanism, the handover is done immediately after the handover preparation for normal handover. If such delay time is added, the algorithm to trigger the handover needs to change, which has a huge impact for gNB. So this option is not suitable for normal handover. As CHO is the handover at a future time, maybe some enhancement can be done for CHO, such as setting the validity time for configuration or execution condition to tell UE that they are workable after a certain time, so it can leave the time for target cell to wake up.
Proposal 4: Exchange of energy state with time information can provide the reference info for handover.

Proposal 5: Regarding to target cell wake-up from energy state, CHO enhancement can be done by setting the validity time for configuration or execution condition.

The exchange of energy state
Apart from the benefit in handover as above, it can also avoid coverage hole or the service interruption. Although the cell is not switched off, the cell falls into the sleep mode. So if transferring the load to such cell, the service performance still can not be guaranteed. And the cell to provide the coverage should not go to the energy saving state. Hence finer energy state should be exchanged between neighbor nodes to avoid coverage hole or service interruption.
Proposal 6: Finer energy saving state should be exchanged between neighbour nodes to avoid coverage hole or service interruption.

3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: The final energy saving strategy can be set by gNB CU based on the preferred strategy received from gNB DU.

Proposal 2: Paging enhancement can be one of the topics for network energy saving. 

Proposal 3: Beam identity of low mobility or stationary UEs can be transferred via F1 and NG to provide reference info for paging enhancement. 

Proposal 4: Exchange of energy state with time information can provide the reference info for handover.

Proposal 5: Regarding to target cell wake-up from energy state, CHO enhancement can be done by setting the validity time for configuration or execution condition.

Proposal 6: Finer energy saving state should be exchanged between neighbour nodes to avoid coverage hole or service interruption.
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