3GPP TSG-RAN WG3 #117-e                                       R3-224939
15th – 24th Aug 2022

Online
Agenda item:
24.2
Source: 
ZTE
Title: 
Initial consideration on Network Energy Saving 
Document for:
Discussion and Approval
Introduction

In RAN#96e, the New SID in RP-221443 on NR Network Energy Saving was approved. The following are objectives for this SID.

	Definition of a base station energy consumption model [RAN1]

Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

Definition of an evaluation methodology and KPIs [RAN1]

The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.

Note: WGs will decide KPIs to evaluate and how.
Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:

How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]

Information exchange/coordination over network interfaces [RAN3]

Note: Other techniques are not precluded



This contribution provides our initial consideration on the support for network energy saving for NR, and we also propose the possible way forward for RAN3.
Discussion
Way Forward 
Information exchange/coordination

In this study item, RAN1/RAN2 would study and identify techniques on the gNB and UE side to improve network energy savings, and RAN3 needs to complete the part of information exchange/coordination over network interfaces.  

RAN1 is now studying potential time-domain based Energy saving, Frequency-domain based Energy Saving, and Spatial-domain based Energy Saving schemes. During RAN1#109-e, some agreements for further study techniques and enhancements for time/Frequency/Spatial domain based schemes are achieved in RAN1. RAN1 also agrees to further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques. However, the potential solutions of NW energy saving are not identified and discussed by RAN1. RAN2 will discuss the NW ES for the first time at the meeting in Aug, so there is no progress in RAN2 now. It is obvious that RAN3 can not find out what information needs to be exchanged/coordinated over the interface, which depending on the identified solutions. Due to RAN3's TUs limitation, It is difficult for RAN3 to discuss the impact of RAN3 specification before RAN1/RAN2 reaches a clear conclusion or identifies any potential solution.

Way forward 1: Due to RAN3's TUs limitation, RAN3 need to wait until RAN1/RAN2 reaches a clear conclusion or identifies any potential solution, and then RAN3 can discuss the impact of RAN3 specification e.g., information exchanged/coordinated on the interface.
Enhancement for Current R17 NW ES

In current NW energy saving scheme based on cell activation/deactivation, the cell providing the capacity booster can decide to switch off, and informs the neighbor its deactivation action. On the other hand, the node providing the basic coverage can request to re-activate the switched-off booster cell. R15 defines signaling support for cell activation/deactivation over X2, F1 and Xn interfaces for intra-system ES. In R17, NG and S1 interfaces are enhanced to support the inter-system ES, specifically, the capacity booster cell is a NR cell , and the LTE eNB is deployed for basic coverage.
According to the SID, "The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed". 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 has negative impact on system performance and limit the use of ES method. So, it is better to enhance current R17 NW ES scheme to support low load and medium-load scenarios.
Way forward 2: R17 NW ES of cell switching on/off only supports empty load and extremely low load scenarios, RAN3 can discuss how to enhance current R17 NW ES to support low load and medium-load scenarios.

Potential enhancement for R17 NW ES 
Cell switching on/off with "shutdown mode"
In the current R17 ES method, the cell will be totally switched off to save energy, but the capacity and coverage of network is greatly affected. So, in most cases, the operator will not turn off the whole cell, but shutdown some parts of equipment of the base station when cell load is low to save energy. There are some main methods of "shutdown" as following: 

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. 

The shutdown schemes of symbol/carrier/channel can be applied to the low or medium load scenario. If a shutdown mode is decided by the capacity booster cell, In this way, the booster cell can still serve low or medium traffic while saving energy. The booster cell can notify it's shutdown mode to the neighbour cells.  If there is a need to change the capacity of some coverage area in line with the network load, the coverage node can send the re-activation message to booster cell, to request quitting the shutdown mode, or to request transferring the current "shutdown mode" to another "shutdown mode".
Proposal 1: RAN3 is kindly asked to discuss the enhancement for cell switching on/off scheme with additional "shutdown mode", e.g., Symbol/Carrier/Channel shutdown mode, to support NW energy saving under low and medium cell load scenario. If a shutdown mode is decided by the capacity booster cell, the booster cell can still serve low or medium traffic while saving energy; The coverage node can send the re-activation message to booster cell, to request quitting the shutdown mode, or to request transferring the current "shutdown mode" to another "shutdown mode".
Cell switching on/off with multiple "energy saving state"
The current 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 scheme contains only two energy saving states, the first energy saving state is the cell off state, in which the capacity that the cell can provide is zero, while the other energy saving state is the cell activated state, in which the capacity that the cell can provide is one hundred percent.

Similarly, not limited to these two energy saving states, more energy saving states can be introduced. By shutting down some equipment, e.g., power amplifiers, transceivers and other different network elements, 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. 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.

In the study of UE power in RAN1, three UE power-saving states were identified, including Micro, Light, and Deep Sleep states. Similar to the previous 3GPP work, in the Rel-18 NW energy saving study, more than one energy saving states of base station could be studied. 

Proposal 2: In the Rel-18 NW energy saving study, more than one energy saving states of base station could be studied. By shutting down some equipment, 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. It is up to implementation, that the cell can configure thresholds of the cell load for triggering events associated with different energy saving state transitions.

If multiple energy saving state of cell associated with different capacity are introduced, the current cell switching on/off ES scheme can be enhanced based on the introduced energy saving state, In detail, there are following aspects of the enhancements:
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 specific capacity provided in this energy saving state. The number of energy saving states supported by a cell and the capacity corresponding to each energy saving 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 latest 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 latest 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 , the node provide basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state.

Proposal 3:  The current cell switching on/off ES scheme can be enhanced based on the multiple energy saving states. The capability booster 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 there is a need to change the capacity of some coverage area in line with the network load, the node provide basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state.

Conclusion

In this contribution , the proposals are:

Way forward 1: Due to RAN3's TUs limitation, RAN3 need to wait until RAN1/RAN2 reaches a clear conclusion or identifies any potential solution, and then RAN3 can discuss the impact of RAN3 specification e.g., information exchanged/coordinated on the interface.

Way forward 2: R17 NW ES of cell switching on/off only supports empty load and extremely low load scenarios, RAN3 can discuss how to enhance current R17 NW ES to support low load and medium-load scenarios.

Proposal 1: RAN3 is kindly asked to discuss the enhancement for cell switching on/off scheme with additional "shutdown mode", e.g., Symbol/Carrier/Channel shutdown mode, to support NW energy saving under low and medium cell load scenario. If a shutdown mode is decided by the capacity booster cell, the booster cell can still serve low or medium traffic while saving energy; The coverage node can send the re-activation message to booster cell, to request quitting the shutdown mode, or to request transferring the current "shutdown mode" to another "shutdown mode".
Proposal 2: In the Rel-18 NW energy saving study, more than one energy saving states of base station could be studied. By shutting down some equipment, 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. It is up to implementation, that the cell can configure thresholds of the cell load for triggering events associated with different energy saving state transitions.

Proposal 3:  The current cell switching on/off ES scheme can be enhanced based on the multiple energy saving states. The capability booster 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 there is a need to change the capacity of some coverage area in line with the network load, the node provide basic coverage can request the booster cell to transfer the current energy saving state to another energy saving state.
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