3GPP TSG-RAN WG3 #117bis-e                                       R3-225839
10th – 18th Oct 2022

Online
Agenda item:
24.2
Source: 
ZTE
Title: 
Discussion on NW Energy Saving and TP to TR38.864 
Document for:
Discussion and Approval
1 Introduction
This contribution provides our discussion on the support for network energy saving for NR, and we also provide the corresponding text proposal to TR38.864.
2 Discussion
In this part, we provide discussion on two candidate NW energy saving solutions that we prefer. We believe that both solutions can achieve NW energy saving and have impact RAN interface.  

2.1 Cell switching on/off with multiple ES state
The current R17 cell switching on/off scheme is a time domain ES scheme, which depends on the cell load in time domain. From another point of view, the current ES cell switching on/off scheme contains two ES states, the first ES state is the cell off state, in which the capacity that the cell can provide is zero, while the other ES state is the cell activated state (Maximum energy consumption state), in which the full cell capacity can be provided.

However, R17 NW ES of cell switching on/off only supports empty load or extremely low load scenarios, NW has to handover the UEs to other cell(s) before deactivate the cell, which introduce negative impact on system performance and limit the use of this ES method. Therefore, In practice, operator are more likely to shutdown some parts of equipment of the base station than to turn off the whole cell/site for energy saving. The following shutdown schemes of symbol/carrier/channel shutdown are often used by operator for NW energy saving, while the cell capacity is reduced accordingly.  

Symbol shutdown: When the cell load is low or medium, Symbols in sub-slots are not always in effective use. The gNB can Semi-static turn off the PA power at these symbol period when there is no data transmission, and turns on the PA power at these symbol period when there is data transmission, which can reduce the energy consumption without affecting the service provided by cell.
Carrier shutdown: In the scenario with multi-layer carrier coverage, during no traffic or low traffic period, the gNB can turn off some carrier to save energy. Furthermore, the better practice is that, one carrier,e.g., low frequency carrier is used for basic coverage and the other carriers,e.g., high frequency carriers are used for capacity booster. The gNB can turn off the capacity carrier during the low or medium load to save energy, meanwhile, it will not bring too much negative impact to the network.
Channel shutdown: Channel shutdown is aimed at massive MIMO antennas. With 5G massive MIMO antennas, when cell load is low, the 64-channel antennas can be turned off in a more flexible way, part of channels including 16 channels, 32 channels, and even 48 channels (power amplifiers (PAs) and transceivers) can be shut down for energy saving. 

As discussed above, by shutting down some equipment, e.g., power amplifiers, transceivers and other different network elements, the cell can enter into an energy saving state to reduce energy consumption, and a certain capacity can be provided in this energy saving state; by shutting down more or less equipment, the cell can be brought into another energy saving state, different capacity can be provided in this state accordingly. In this way, the cell can keep capacity adequate yet minimum, network energy consumption can also be optimized in line with the cell load. In addition, the cell can configure thresholds of the cell load for triggering events associated with different energy saving state transitions. 
Observation 1: By shutting down some equipment,e.g., Symbol shutdown, Carrier shutdown, Channel shutdown, the cell can enter into an ES state, and a certain cell capacity can be provided in this state; by shutting down more or less equipment, the cell can be brought into another ES state, different cell capacity can be provided in this state accordingly.

If multiple energy saving state of cell associated with different capacity are introduced, the current cell switching on/off ES scheme can be enhanced by introducing additional multiple ES states, In detail, there are following aspects of the enhancement:
There is the predefined list of energy saving state supported by the cell: (energy saving state 1, energy-saving state 2, energy saving state 3, ...), for each state in the list, associated with a respective cell capacity provided in this ES state. The number of energy saving states supported by a cell and the cell capacity of each ES state are based on implementation, and can be different for each cell;
the neighbour cells exchange the supported energy saving state list;  

the cell can enter into one energy saving sate to save energy, by shutting down some equipment as well as changing the capacity provided by the cell. If the current load of the cell is met a configured threshold, the cell can transfer into another energy saving state.

if the energy saving state is changed, the cell need to inform the updated energy saving sate to neighbour cell or the node provide basic coverage.

The node provide basic coverage is aware of the supported energy saving state list and current energy saving sate of the capability booster cells. If there is a need to change the capacity of some coverage area in line with the network load or to change the NW energy efficiency , the node provide basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state.

Proposal 1: The current R17 cell switching on/off ES scheme can be enhanced by introducing additional multiple ES states. The node provide basic coverage can request the booster cell to transfer the current ES state to another, while changing the capacity of some coverage area in line with the network load. The corresponding TP for TR38.864 is provided in Annex.
2.2 Cell DTX
In RAN1#110 meeting, the candidate solution of adaptation of DTX/DRX was discussed, and the following agreement was achieved. 

	Technique #A-4: Adaptation of DTX/DRX

DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with Alignment of the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.

This may include potential enhancements to UE behavior when both cell-specific gNB DTX/DRX cycle and UE DRX cycle are configured.

An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
The two techniques/approaches of DTX/DRX alignment can be complementary to each other and they may be beneficial to can result to higher energy savings both at the network and at the UE side.



In RAN2#119 meeting, the adaptation of cell DTX/DRX was also discussed, with the following agreement. 

	
Resource adaptation (frequency and time domain)


- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 


- cell DTX/DRX  


- measurement 


- reference signal type and configuration of reference signal pattern for connected mode


- BWP adaptation


In order to further reduce the energy consumption of the gNB, the concept of cell DTX can be introduced, that the cell does not continuously transmit data to all UEs served by the cell, if DTX is configured for the cell, the cell only transmits downlink data to served UEs during the "ON" period, and do not send data to any served UE by keeping energy saving state during the "OFF" period. In this way, the energy saving for the gNB can be achieved. if CDRX of UE, and cell DTX are all applied, without the Coordination of UE CDRX and Cell DTX configuration, there can be a worst case where UE is awake but network does not transmit data or network transmit data to the UE but UE is in sleep mode. it may have impact RAN Interfaces for coordination, e.g, how to properly align the CDRX configurations of UEs according to Cell DTX in the CU/DU split gNB. Furthermore, if a cell is in energy saving mode during the DTX "OFF" period, it is beneficial the cell will not receives data needed to transmitted to UEs from CN or from other gNBs, it may also impact RAN interface.
Proposal 2: RAN3 can study the RAN impact of cell DTX/UE DRX adaptation solution.
3 Conclusion

Observation 1: By shutting down some equipment,e.g., Symbol shutdown, Carrier shutdown, Channel shutdown, the cell can enter into an ES state, and a certain cell capacity can be provided in this state; by shutting down more or less equipment, the cell can be brought into another ES state, different cell capacity can be provided in this state accordingly.

Proposal 1: The current R17 cell switching on/off ES scheme can be enhanced by introducing additional multiple ES states. The node provide basic coverage can request the booster cell to transfer the current ES state to another, while changing the capacity of some coverage area in line with the network load. The corresponding TP for TR38.864 is provided in Annex.
Proposal 2: RAN3 can study the RAN impact of cell DTX/UE DRX adaptation solution.
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>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>change start<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
6.x
Techniques in Time domain

6.x.1
Technique 1 (Cell switching on/off with "energy saving state")

By shutting down some equipment,e.g, Symbol shutdown, Carrier shutdown, Channel shutdown, the cell can enter into an energy saving state, and a certain capacity can be provided in this energy saving state; by shutting down more or less equipment, the cell can be brought into another energy saving state, different capacity can be provided in this state accordingly.
NG-RAN node owning a capacity booster cell autonomously decides to enter into one energy saving sate by  shutting down some equipment as well as changing the capacity provided by the cell. The decision is typically based on the cell load information, e.g., the pre-configured threshold of the cell load met. The decision may also be taken by O&M. The booster cell can notify it's energy saving state along with the cell capacity to the neighbour cells. The node provide basic coverage is aware of the supported energy saving state list and current energy saving sate of the capability booster cells. If there is a need to change the capacity of some coverage area in line with the network load or to change the NW energy efficiency, the node who provides basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state. In this way, the booster cell can keep capacity adequate yet minimum, network energy consumption can also be optimized in line with the cell load.
6.x.1.1
Impacts on network interfaces

If multiple energy saving state of cell associated with different capacity are introduced, the current cell switching on/off ES scheme can be enhanced by introducing additional multiple ES states, In detail, there are following aspects of the enhancement:
There is the predefined list of energy saving state supported by the cell: (energy saving state 1, energy-saving state 2, energy saving state 3, ...), for each state in the list, associated with a respective cell capacity provided in this ES state. The number of energy saving states supported by a cell and the cell capacity of each ES state are based on implementation, and can be different for each cell;
the neighbour cells exchange the supported energy saving state list;  

the cell can enter into one energy saving sate to save energy, by shutting down some equipment as well as changing the capacity provided by the cell. If the current load of the cell is met a configured threshold, the cell can transfer into another energy saving state.

if the energy saving state is changed, the cell need to inform the updated energy saving sate to neighbour cell or the node provide basic coverage.

The node provide basic coverage is aware of the supported energy saving state list and current energy saving sate of the capability booster cells. If there is a need to change the capacity of some coverage area in line with the network load or to change the NW energy efficiency , the node provide basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state.

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>end change<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

